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Chemistry 

The Chemistry of Benzophosphole Derivatives 

~bstract 

, 

The synthesis of l-ethoxybepz,o[2.]phosphole l-oxide, starting 

from the Diels-Alder reaction of E,E-l,4-diacetoxy butadiene -

and l-ethoxy-2-phosphole'1e l-oxide is described. Reduction 

of this benzo[hJ.?1~sphole oxid~ with different silanes a!"ld li-
, ~ "Ir 

thium aluminium ~ydrid3 was attempted. 
i 

2-Phenylisophosphi!'ldoline 7-oxide Has p~pared in one step, 
• 

by the reaction of o-xylylene' dibromide and diethyl phenylph0s-

phonate in the ?resence of sodium bis(2-methoxyethoxy)aluminium 

hydride. 

/ 
2-Phenylisophosph\ndole 2-oxid~, the first example of the 

least substituted cpmpound in the benzor~]?hosphole series was 

generated by base-prornoted dehydrobromination of E-l-bromo-!-2-

phenylisophosphind~line 2-oxide. 2-Phenylisophosphindole 2-oxide 

was found to be unstable and dimerized rapidly. 1ts existence 

was confirmed by trapping wi th various dicnophiles as the Diels-

AIder adducts. 

The synthesis of 2-pheny15sophosphindole was also atternpted. 

The chernistry of benzophosphole derivatives is discussed • 

.: 

"r , ,'~, . 



/ 

e'· 
o 

• 

. Ph.D. -Chimie 

La chimie des dérivés 

de'benzophosphol 

Résumé-

La synthèse. de l'étzo -1 o~o-l benzo[b]phosphol par la 
1 • -

réaction de Diels-Alder tre E,E-diacétoxy-l,4 butadiène et 

o 

éthoxy-l oxo-l phospholène-2 a été décrite. 

La réduction de cet oxyde de benzo[b]phosphol par diffé

rents silanes et par l'hydrure de lithium-aluminium a été 

essayée. 

Phényl-2 oxo-2 isophosphindoline a été préparée en une 

seule étape par la réaction du dibromure de o-xylylène sur le 

phényl phosphonate de diéthyle en présence de l'hydrure de 

sodium bis(méthoxy-2 éthoxy)aluminium., 

Phényl-2 oxo-2 isophosphindol, le premier exemple de la 

série des benzo [c] phosphols les moitYs substituées, a été. . . , 

~néré par la déshydrobromination bàsique de !-bromo-l oxo-2 

!-phényl-2 isophosphindoli~~. Oxo-2 phényl-2 isophosphindol 

s'avère très instable et dimérise rapidement; son existence 

a é~é confirmée par la formation de sels produits d ' addition 
)'. . 
avec différents dièn~philes. 

La synthèse de phényl-2 isophosphindol a été au~si 

essayé,e. 
t , 

La chimie de~ dérivés de benzophosphol a été discutée. 

" 
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INTRODUCTION 

·At the presen t time organophosphorus compounds are 
t \ 

1 

l 

• ~eing intensively studied in view of their chemical importance 

and,their applications in industry and agriculture. Many of the 

,. 

applications of phosphorus compounds dep~nd on their biologi cal 
, , 

activities and these applications rangé from fertilizers to 
~ 

pesticides. Organophosphorus compounds are also wide.ly used 

as medical preparations. They have been used as plasticise~s, 

.. flotatio~} agents and oil and gasoline addi tiv~s. In recent 

years, they have been widely used for chemical crop protection. 

, 

Being considerably more effective than previously known ,. 
\ 

insecticides, various phosphorothioates have proven particularly 

valuable. 

The phosphorus compounds play an important role iri living 

processes and the phosphate esters are of importance in nucleic 

acid synthesis. Phosphate esters are also believed to be involved 

in terpene ~d steroid biosyntheses. Since the discovery of 

Wittig reaction, a wide range of organic synthetic applications 

has been found for tervalent phosphorus compounds and for 
\ 

phosphonium salts. These important factors have led to the 

increase activity in the field of organophosphorus chemistry • 

• 
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CHAPTER l 

THE CHEMJSTRY OF PHOSPHOLE DERIVATIVES 

. 
Sorne Aspects of Organophosphorus Chemis~ry 

Electronic Structure 

Since nitrogen· and phosphorus are both members of Group V 

of the periodic table and have similar electronic configuration, 

one might therefore expect sorne resemblances in the organic 

cheYI\is tr. of these two elemen ts. In reali ty, how~ver, there 

are sorne striking differences between these two elements. 

These differences are due mainly to the larger size of phosphorus 

atom and the lower 3s-3d promotional energyl for phosphorus 

(17 ev) compared to that of ni trogen (23 ev). 

1) Ph h . 1 l . h J. osp orus ~s ess e ectronegat1ve t an n1trogen: 

Table l shows the electronegativity values of sorne of 
, 
the elements. The lower electronegativity of phosphorus in 

comparison wi th ni t'rogen is due to the larger si ze of se cond-row 

e le me nt phosphorus. 

-
/ 

2) Unshared pa~r of electrons :i,n phosphorus are better nucleophiles: 

The better nucleophilici ty of phosphorus is also due to 

i ta larger si ze, which allows· the greater ·polari zabiii ty of 

• 
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TABLE l 

",f,rECTRONEGATIVITIES ft ( 

. 
, Element Electronegativi ty 

" 
, 

Silicon 1.8 

! Hydrogen 2. 1 , 

" .,.. 
Carbon 2.5 • , , 
Oxygen 3:5 

Ni trogen 3.0 1/ 
/ 

, 

Phosphorus 2 l!t "'~' 
Il . , . 

Chlorine 
, 

~ .• .o / 
/ . 

ARef. 2 and 4 

the outermost electrpns. These electrons, which are farther 

from the nucleus are less attracted to the nucleus and can be 

more freely moved towards the external positive centers. Unshared. 

pair of electrons can accommodate better to the stereoelectronic 

requiremen ts of a reaction, such as nucleophili c displa9~ment. 

)'he better nucleophilici ty of phosphorus is evident on 

co~ring tertiary phosphine with the correspondin~ amine. 
, 

Tertiary phosphines are more powerful nucleophiles than the 

corresponding amines, as measured by the second-order rate 

constants for reaction with a given alkyl halide. Thus, 

quaternisation of Me2P-NMe2 wi th methyl iodide occurs at phosphorus 
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" . , . 

4 

rather than at ni trogen 3 • 

3) Phosphorus is re1uctant to for"ln P 'I1'-p 11' double bonds: 

The sideway over1ap of paralle l p-orbi tals necessary to 

form a stabl~ tT-bond is much less extensive in the case of 

second-row e 1emen t phosphorus. This is attribu ted to i ts grea te r 

si ze and longer bond 1ength. The single-bond covalen t radius 

of ph,osphorus is 1.1 A o 
whi ch is 0.4 A larger than that of 

nitrogen. 
o 0 

The bond lengths of P-P and N-N are 2.2 A and 1. 4 A 

respectively4. There is no known example of compound with 

phosphorus forming double bonds, ei ther wi th i tself (3 - 3 ) pn pn 

or wi th other elements (3pn-2 p 'l1')1. In i ts reluctance to form 

the P'l1'-PtT type of double bond, phosphorus resemb1es other 

second-row eJements such as silicon and sulfure 

4) Availability of phosphorus d orbitaIs: 

The electronic configurations (on1y th'e outer valence 
2 3 

she11 is cons,idered) on ni trogen and phos ph orus is 2s 2p and 

2, • P . l d 35 3p respect1vely. hosphorus conta1ns not on y the s an p 

orbitaIs ~hidh dominate bonding by seeking the full octet, but 
, 

also empty d orbi ta1s into which covalen t electrons can he 

accommodated. For second-row e1ement phosphorus, the energy 

separation between the 3s to 3d orbital is much smaller and 

hence d orbi taIs play an important ro1e for bonding. Phosphorus . 
can expand its valence shell to accommodate 10 or 12 e1ectrons 

",J{J 
by utilizing its empty 3d orbitaIs. This expectation is in 

/ ) 
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agreement wi th the exis tence of compounds such as 

+ -(CSHS)SP, PXS' PXs and [PX 4] [PXs] where phosphorus has a 

coordination number of 5 or 6. Formation of analogous 

pentacovalent nitrogen compounds is considered unlikely, 
. r, 

, 
r 

1 

because of the high energy of nitrogen 3d orbitals relative to r

-

r>~" 

.~~ 

2s and 2p orbitals and indeed, no such compounds have been fou~~. 

P1T - d 1T Bonding 

Al though phosphorus is ra luctant to forro P1T-P n type of 

double bonds, it has a tendency to forro a differant type of 

double bond,involving d orbitals, with elements X having unshared 

pair of p electrons. This type of bonding arises from the 

donation of non-bonding p electrons of the elements X into the 

vacant d orbi tals of phosphorus and is - cp.lled "P1T-d1T bonding". 

It is sometimes referred to as "backbonding". 

The consequence's of vacant d orbi tals are also evident 

on comparing amine oxide R3NO wi th phosphine 'Oxide R3'PO. The 

electronic structure of N-Oxide can be represented by the single 

+ -
. canonical~ruct~re R3N-O, whereas for R3PO, the bond to oxygen 

IJ 

have multiple character and are represented by the following 

resonance structures. 

+ -
Ra' P - 0 +-~ --~) R3 P = 0 

The high dissociation energies, sma!l bond lenèths and 

bond moments of P=O bonds suggest1hat P1T-d1T bonding is involved 

in contrast to the coordinate bond1ng in amine oxides. The P=O 

bond energies lie in the range of 120 to lSO k cal/moleS, whilst 
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, 
N~O bond energy is in 50 to 1b k cal/mole range. Moreover, the 

P=O bond length is shorter than expected on the basis of ordinary' 

single bond whereas the N~O bond length is approximately equal 

to the calculated single bond length. The bond moment of p=o bond 
• .... + -is less than calculated for the dl.polar forro, ~P - O. Bond length 

-

and dipole moment data of phosphine oxide give the evidence __ fop--~-

the double bond character of p=o b~~_-

One important feature 'of~he delocalization of adjacent electron 

pairs by back donation is the relative stability of carbanions. 
. 6 

The Wittig reagents are carbanions stabilized alpha to phosphorus. 

+ -
~ P-CHR ( > " - P=CHR , 

Wi t tig reag~ ts 

The high P=O bond energy is the fundamental of some of the 
-", 

most important reacti~ns in organophosphorus chemistry. 

Thus the tautomerism such as 

" P-OH ./ 
" .tH --~, P 

-.:-- / ~O 

indicates the strong tendency for p=o formation. 

, 

1 _--' 

More evidence in support of Pn-dw bonding has been obtained 

from-the study of ultraviolet, infrared, nuclear quadrupole re

Bonance and nuclear magne tic resonance spectroscopyl. 

~Phosphole Derivatives 

There has been a fluorish of research activity in the field 

of organophosphorus chemistry in the past two decades. The chemistry 

-'. 
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of hete~ocyclic compounds contaiping p~osphorus has tleen a subject, 
;~' 

of much in teres t and the possibili tie's for aromatic ,characte'I' 0 

in the se compounds provide sorne incentive ~or investigation. 
,-

Particular atten tion is also paid to the ques tion whe ther the 

'" heterocyclic system of phosphorus would exhibit the same properties 
""-

~_-as th~t of ni trogen. 
4 

,Furan, thiophene and pyrrole (1) have been known for rnany 

decades and have been inve~{igated extensively. However, the 
Y' " ~~lated phosphole (2) system has been litt1e 7-10 exp10red and 

no phosphorus analog of an arornatic monocyclic nitrogen compound 

had been prepared until 1959:~. 

Similarly, the che.mi,stry of indole (benzo[b]pyrrole) <,3) 

has been explore~ much more thoroughly than that of phosphindo1e 
1 

(benzo[~]phosphole) (4). However, both the isoindole 

(benzo[c]pyrrole) (S) and isophosphindole (benzo[~]phosphole' (6) 
~ 

systems have ~~y --in\fe-s tiga ted~, /" 

0 ep~\ 
i). '", . .... 

(0 O:J I,q 

\ " ~ N 

1 1 1 
H' b H H H 

t> 
/ 

<'1) 
_/ 

(3 ) ,- -- (4) 
~" 

'\., 

(5 >' (6) 

, . 
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The inhe~ent interest of the phasphole system can hé 
, 1 

,,} . ~ 
attr~buted ta t,wo factors, name 1y" (a) 'the possible aromatic 

character d,3' compared wi th the common he terocyclopen tadienes , 

especially the pyrrole sys tem and (b) the behaviour oCf ;phosphole 

as secondary or "~ertiary phosphines. 
, J 

Several reviews 7,8, 9 on the chemistry of phosphole deri

vati ves h,ave appeared, the ... last one 10 i5 by Ma":"n in ~1"9 70. The 
<; 1 /.~ ,. 

review on the sarne su.bject· wi th the li te ra ture,s 'c~overing up - . 
to Decêmber; f'S.73 will be presented in this chapter. 0 

The field of phosp,hole cl:temistry can be generally divided 
. .... 

into (1) Simple phosphole (2) Dibenzophosphole and (3) Benzo-

phosphole. 

Synthesis of simple phosphole 

, 
Phosphole (2) i tself has not yet beep synthesi zed and aIl 

, & 
,phospholes thus far repor~ed carried at least one substituent. 

HubeI and Brayell ,12'and Lea~itt ~ ~13,14 reported inde

pendently that ~ l, 4-di li thio~ l, 2 ",3 ,4 ... te traphenYlbuta-l, 3-diene (7), 

obtained by the dimerization of diphenylacety1ene with lithium 

is 'a very useful starting material for the syntnesis of phospholes. , 

It reacted with alkyl. or aryl dich1C?rophosphine to give P-alkyl 

or P-aryl-2,3 ,If ,5-tetraphenylphosphole (8) (Eq.\ D. 
>-, 

" 

~. 

j 

, , 
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Ph Ph n Ph Li Li Ph 

( 7) 

RPCl'- , 
2 

. r 
) 

Ph 

li
Ph 

1 Ph Ph 

R 

( 8) 

R = Ph, CHa' ,PhCH2 
~~. ' 

9 
-ll 

~1 
J,. 

. 
" • ( 1) 

" 

In li related synthesis, HubeI et a:1'll,12 '~sed iron carbonyl .. 
., ----- ,. 

diphenylacetylene complex' (9) in place of dillthio'compo·und. 
: t. 1 _ # 

9 was obtained by'the reaction of [FeCCO)4]3 with dip~enylacetylene. 
, 

The iron carbonyl-tolan complex contains a: ci~oid system bonded\. 
, 1 

(; 

to an iron .atom and reacts in a similar manner as 7 with phenyl 

or benzyldichlorophosphine (Eq. 2). 
J. 

Ph Ph 

JI.. ~"t FeCCO)3': 

Ph Fe' h . ) 
. 

Ph . Ph 

~) u 'fi 
Ph)(p~Ph 

. 
~ 

Il 1 1 
'R 

, '( 8) ,', 

(2) 

Campbell ~ !lIS prepared 1,,2~S-t~ip?enylphosphole (TPP)'" 

(11) by heating phenyldichlorophosphine with diphenylbutadiene. n 
• v 

Presumably, the process' l'ni ti~lly involvedo the nOrn)al McCorm~ck c 

o * Throughout this thesis, T~P" will be used to den ote 1,2,5-
triphenylphosphole. 

, 
,\ 

, , . 

1'< 

, . 

~ . 



reaction 16 to give the ,adduct 10, w~ then dehydrohalogenated 
ft 

under the conditions of the reaction ~o give the phosphole Il 

(Eq. 3) 01 

. n PhPC12~ 
Ph "l' "Ph 

'. 
,t 

Ph DPh' 
'Cl/ 1" CJ. 

, Ph 

( 10) 

~) n , 
Ph Ap~,Ph 

1 
Ph 

(11) 

The mosf genera1 approach to simple phosphole synthesis 

was reported by Markl and Potthast17 and was closely related 
" 

( 3) 

to pyrrole
18 

and thiophene 19 syntheses from conjugated diynes. 
-

Bis(hydroxymethyl)phenylphosphine in py~idine and phenyl~hosphine 

," in q,nzene both reacted readi1y wi th l, 3-butadiynes (12) in the 

presence of a cata1ytl.c amount of pheny1 lithium to give the _ 

corresponding phospholes 13 (Eq. ~). 
1 

-
R-C=C-C=C-R 

(12 ) 
! - \ 

~ f 

~H5 P( CH 20H) 2/CSHSN ) 

(or) C6HSPH2/CsH6 

H H n 
RPR 

1 
Ph 

(13) 

R = alkyl, aryl 

~ 20 
RecenttY,- Mathey has reported a simple synthesis of phosphole 

which involved the reaction of 2,l-dimethylbutadiene with ' 

. , 
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Il 
.. 

pheny1dibro~ophosphine in the presence bf 1,S-diazabicyclo 
\ 

, 

(5.4.0) undecene-5 (nBU) to afford l-phenyl-3,4-dimethylphos

pho1e (14) (Eq. 5). 

. 
/, 

~ CH 3 

--~) '0 DRU 

P 
/1' 

Br Ph Br 

(14 ) 

The initial '~action is the normal McCormack reaction16 

follo',r1ed by the dehydrohromj nation wi th the strong base DBU. 

The mechanism was proposed as fo11ows: -

CH 3 
CH 3 CH3 CH 3 

CM3 CH 3 

~ 
-HBr K -HRr '0 li ) ) 

~ + DRU nRU 
H P~ H P P 

/\ -sI' l 'H 1 
Br Ph Br Ph Ph 

~ 

(5) 

\ . 
The above are the several routes to various highly subst~-

1 

tuted pho~pholes. The synthetic approach to the less substi tuted 

phospholes involves the dehyclrohalogenation of phospholene inter-

1 mediates. Thus, the synthetic approach of D~:madio and Howard2l 

was via the addition of bromi~e to I-p~enyl-2-phospholene l-oxide 

(15) f6110wed by dehyorobromination of the dibromophospholane 16 

to "gi ve the corresponding phosphole, o~de 17 (Eq. 6) ~ 15 was 

- " 
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prepared by the McCormack' s meth'bd b~ the ~ddi tion of 

phenyldichlorophosphine tb butadiene, fol1owed by the hydrolysis 

of the adduct. 

n + PhPC1
2 

) 0 H?O 0 ~ 

C{ l'Cl - cf 'Ph. 
Ph ":::,.. 

(15) 

Qr Br -

Br2 ts -2HBr 0 ) ) (S) 

~p 
cP 'Ph O~ 'Ph 

(16) '( 11) 

1-pheny1phospho1e oxide (17) undergoes dimeri zation at room 

temperature 21 ,25. 

Westheimer ~ a122 used simi1ar âpproach for the synthesis 

of 1-ethoxyphosphole l-oxide (21) in which bromophospho1ene 19, 
~ 

prepared by the N-bromosuccinimi?e bromination of phospho1ene t 

-

oxide 18, was dehydrobrominate d wi th base or by converting in to 

the quaternary ammonium iodide 20, fol1owed by Hofmann e1imination 

~Eq. 7). 

. " 

• • 
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c, Br N(CH3)2 

0" (5 n NBS 
) 

~p 
O~ 'OC H 

2 5 

( 18)-

• 
Dimeri zation 

!J 
//, o 0 

( 

~ 1 CH
3 CH/ 

2 
(22) 

~P, 
o OC2Hs 

(19) 

D 
O~ 'oc H 

2 i 

(21) 

(CH 3 ) 2NH 
) 

~P, 
o OC 2HS 

~ 
.r 

(20) 

Rapid dimerization of 21 prevented its isolation, but it 

cou1d be trapped by reacting with cyc10pentadiene (Eq. 8). 
. . 23 

Recent1y, Ch~u and L1pscomb have r ported the mo1ecu1ar and 
1 

c~sta1 ~ructure of the dîmer 22. It shows a tricyc1ic system 

and the ring juncture is shown to be en o. The stereochemistry 
---.1-

of 0 atoms and O-C
2

H
5 

units at the P-atoms was estab1îshed as 

shown in 22. 

0 0 ~ 

+ ) :.(8) . 
p 

0+ 'OC H 2 5 

(21) ~" 
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'h . 24 . Recently, West el~e~ et al have reported the preparat10n 

of l-phenoxy-3,4-diphenylphosphole l-oxide (23) which is the 

firs~ phosphole oxide that can be isolated. Previously reported 

l-ethoxyphosphole, 1-oxide22 and l,-phenylphosphole l_oxide2l ,25 

undergo rapid dimerization. Although l-ethoxy-3,4-dimethyl

phosphole 26 is more stable in solution and dimerizes less rapidly, " 

it has not yet been isolated. 

Their synthe tic approach is analogous to those previously 

employed22 ,26 artd it is illustrated in scheme I. 

Scheme l 

Ph Ph Ph'dh Ph Ph 

)!( PCl 3 
) 

C!)HS OH 'CS > 
r12POCH CH Cl 

H H 2 2 P P 
q \ // \ 

0 Cl 0 OPh 

) 

Ph Ph 

ti:r 
Ph Ph 

Î[j 
p 

NBS 

Il , ~ \ 
o OPh o OPh 

(23) 

The simplest phospholes such as l-methylphosphole (24a) and 

l-phenylphosphole (24b) were prepared by Quin 27 ,28 and Markl 25 

respectively. In each case, appropriate 3-phospholene oxide l6 

.Il 

was brominated to give the corresponding dibromophospholane, which 

was then reduced with trichlorosi1ane or phenylsilane, followed 
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by dehydrobromination with strong base Iike potassium tert-butoxide -
or 1,S-diazabicycIo (5.4.0) undecene-S (OBU) (Eq. 9). 

t-BuOK 
) 

or DBU 

(24a) R = 

Br Br 

-, 

CH 

''0 
P 

1/\ 
o R 

0 
1 
R 

(24) 

3' 

HSiC1
3 . ) 

(9 ) 

(2 4b) R = Ph, 

Br Br 

--'[5 
1 
R 

29 30 Braye ~ al ' have reported the synthesis of the first 

P-unsubstituted phospho1e 25 which was based on the reaction of 

pentapheny1phospho1e (8) with an alkali metal such as Ilithium, 

potassium and sodi~m, followed by hydrolysis (Eq. 10). 



" 

'Pli 'Ph 

t~ \ 

-',.. P 
Ph 1 Ph 

J Ph 

( 8) 

• 

M ) 

Ph Ph 

M 
Ph P Ph l H20 

Ph " Ph 

h 
Ph P Ph 

1 
H 

(25) 

16 

® 
M + PhM 

(10 ) 

M = Li, Na, K 

.sIn ce , l-pheny lphosphole 25 is now known, th is me thod might 

prove to be the possible route to the '.hi therto unknown parent 

phosphole (2). 

Properties of simple phosphole 

As mentioned !arlit2r, the main interest of the phosphole 

system lies in its potentially aromatic character as compared 

with common heterocyclopentadienes and its behaviour as secondary 

or tertiary phosphines. Obviously, the normal tertiary phosphine 

reactions like the formation of oxides, sulfides, selenides, 

quaternary salts, phosphonium ylids, phosphine dihalides and 

inorganic complexes would be expected to occur at,phosphorus atom 

of the phosphole system, thus showing the availability of non

bonding'electron pair for reaction.' The diminution of the phosphine

like character might indicate the possible delocalization of lone 

\ 
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electron pair on phosphorus into the phosphole ring. 

In order to elucidate the degree of aromaticity in phospholes, 

1 31 13 
several studies on X-ray, H, p and C n.m.r., u.v., semi-

emperi,cal calculations, dipole moment and chemical behaviour 

have been investigated. 

Oxidation 

Like tertiary phosphines, simple ph os pholes readily form 
,12,15,25,31 12,15,25,31 12,31 

oXldes • , su1fides , selenides , 

P d
' , 27,31 27,28,31,32 

- 1brom1des and quaternary sa1ts • Phospho1e 

oxides can be readily obtained by treating phospholes with hydrogen 

peroxide. However, solutions of phospho1~s having aryl substituents 

on the ring carbon atom and a1ky1 substituents like methyl or 

benzyl on the phosphorus atom can be oxidised in air sponta

neously12,39. By heating with sulfur or selenium, phospholes' 

usua1ly give the corresponding sulfides and selenides. Sulfide 

can also be prepared by heating the phqsphole with sodium poly-

If 'ct 11,12 su 1 e • 

The ease of oxidation is also obvious in the reaction with 

h 
' , 27,31 d b' , alogens. Phosphole P-d1brom1des are prepare y- treat1ng 

phospholes wi th bromine. The reaction occurs at phosphorus rather 

than at the ring carbon atoms. Iodine also combines wi th the 

phosphorus of I-methylphospholé, but in slower rate than i t does 
1 27 

with l-rnethyl-3-phospholene • 

I-methylphosphole can also be oxidised by rnercuric acetate, 
27 

where upon metallic Mercury was formed This behaviour May be 

contrasted to that of thiophene, where electrophilic substi~tion 



\ 
33 

by the acetoxymercuri group takes place • 

lB 

The above reactions of phosphole m~ht reveal that i t retains 

the reactivi ty of the tertiary phos phine. However, reduced 

reactivi ty towards oxidation by iodine, relative to a tertiary 

phosphine might indicate the diminution of phosphine character 

beyond that attributable to divinyl substitution. 

Quaterni zation 

Phosphole readily reacts wi th methy1 iodide or benzy1 bromide 
28,31,32,39 

to form quaternary saI ts • The reaction of 1-methyl-
27,28 

pho~phole with methyl iodide can be contrasted with that of 
1 

N-methYIP~~Ole where reaction occurs at the ll-posi tion rather 

h 
. 34 

t an at the n1trogen atom • 

'As in the case of oxidation, quaterni za tion also destroys 

the 6n electron system and it appears that-phosphole possesses 

phosphine character. 

.... 
u-Complexation 

~ 

The possession of a react~ve lone electron pair on phosphorus 

in phospho1e is supported by the formation of phosphole complexes 
Il,12,35 . 36,37 

of m~tal carbonyls and metal ha11des • 

~entaPhenYIPhOSPhole (8; R=~h) on treatment with iron penta

carbonyl (Fe(CO)5) gives pentaphenylphosp~ole-iron tetracarbony1 

(26c). However, with Fe 3{CO)12 it gives in addition to 26c, the 

12 " other complexes 27 and 28 • In 27, the four TI -electrons of the o 

conjugated double bonds are donated to the iron atome Thus, 

r 

, 
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--
phospholes resemb1e non-aromatic conjugated dienes which react 

(1 

38 
very easi1y with iron carbony1s and show characteristics of 

tertiary phosphines. 

Ph Ph 

li 
Ph ~ Ph 

Ph 

( 8) 

Ph 

Fe 

c'T\ 
o c 0 

o 

( 27) 

} 

P)c(Ph 
~ ~ 

P 
Ph / ~ Ph 

" Ph X 

(26) (a) X = 0 

(b) 'X = S 

(c) X = Fe(CO) 
4 

\ 

\ : Ph 

Ph 
Ph 

o Fe of-- Fe ~,CO 

'\ Ir\ ,'f' 
CCC .C C 

o 0 0 0 0 

L..... ___ f 

(28) 

Ph 

/p 

Ph J Ph 

~~-Ph 

o Fe 

Ti\ 
CCC 

o 0' 0 

(29 ) 
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Pentaphenylphosphole oxide (26a) also undergoes complexation 

with te(co)s to give the complex 29. However, the same \reaction 

with the corresponding sulfide 2Gb results in the cleavage of 
12 P=S bond and gives only the complex 26c • 

The reactions ~f TPP (11) and its oxide with different metal 

carbonyls such as Fe(CO)S' Fe 2(CO)9' Ni(CO)4' CrCCO)6' Mo(CO)6 

and W(CO)6 were investigated by Cookson and co-workers 35
• TPP 

and its oxide both give the n-complexes analogous to 27 and 29, 

on treatment with Fe(CO)S whereas a normal phosphine complex 

analogous to 26c was obtained in the case of the reaction with 

Fe (CO) . 
2 9 

TPP reacts with MeCO)6 (M=Cr, Mo and W) to form TPP.M(CO)S 

complexe It also gives TPP.Ni(CO) complex with Ni(CO). Walton 36 
3 4 

has reported that TPP also reacts with metal halides of Pd, Pt, 

Hg and Rh to forro complexes of the type MX .2TPP(M=Pd, Pt; X=Cl 
2 

or Br); HgX 2 .TPP (X=Cl or Br) and RhC1
3

.TPP. The stoichiometry 

of the complexes MX
2

.2TPP suggests that the ligand is phosphorus

bonded. Sim~larIy HgX2 .TPP (X=Cl or Br) are probably halogen 

bridged dimers 30 with phosphorus-bonded TPP. 

TPP, /x~ /x 
Hg Hg 

x/ '-x/ ~pp 
(30 ) 
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Recently, the reactions of TPP, its oxide, sulfide and 

selenide with sorne transition metal halides have been studiep 
37 

by Hughes and co-workers • The reactivity of these ligands is 

found to be a function of the oxidation states of the metal, with' 

the order being M(II> (M(III>(rHIV) (,M(V). The ligands fail to 

react wi th the halides of the metal (II> such as Mn, Fe and Ni, 

whereas the y react rapidly \olÎ th Nb( V) and Ta(V). TPP also reduces 

both Fe(rII) and Cu(rI). These complexes are simple adducts of 
\ 

the metal halides. These adduc~s are easily hydrolysed on exposure 

to air and the phosphole is displaced by coordinating solvents 

like acetoni trile and eve,1, ether. These facts reveal the weakness 

of the metal-phosphorus bond. 

Hughes 37 concluded that TPP and its oxide, sulfide and 

selenide are weak donors, especially with lower valent metal 

halides. They closely follow the behaviour of their triphenyl- L 

phosphine analogs in the reactions with Nb(V) and Ta(V) halides. 

The weakness of metal-phosphorus bond in the phosphole complexes 

might indicate the possible délocalization of lone pair of electrons 

on phosphoruG atom into the ring, although steric effects may 

also be involved. 

Quin 27 aiso sup.:gested that l-methylphosphole has r-educed 

phosphine character since it fails to forro the typical coloured 

complexes with ethanolic nickel chloride and with carbon bisulfide. 

l-Benzylphosphole 39,40 also does not forro a' complex wi th nickel. 

chloride. Quin 40 has reported very recently that l-benzyl-3, 

4-dimethylphosphole readily forros a complex 31 with nickel chloride, 

where the phosphole ligand is bound to the rnetal through cr -bonds. 
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~ 
- __ The phosphine-character of this phosphole' is also evident from 

.,.. 

.« 
.' < 

-e 

{) 

the ready quaternization with alkyl halides. 
~ 

Basicity 

1) 

i 

( 31) 

•• 

1 

1 

, 

27 
I-methylphosphole , unlike I-methyl-3-phosphol~ne is not 

extracted from pentane even by 2N hydrochloric aeid. This shows 

that I-me ~VIPhO'PhOM is less basic than phospholene. The 

behaviour of this phosphole in tQe formation of a pOlymerie 

material on treatment ,with 6N hydroch1oric acid is similar to 
, ' 

that of pyrrole, in being unstable in acid. I-Methylphosphole has a , 
\ 

very low PKa value of 0.5 compared with a va!ue of 5.2 ~stimated 

for the model compoun~, divinylphosphine. The lower Pka\value 

of l~methylph~~as~been attributed to the delocalization 

of tnE!Ph~;Phole ring system as in the pyrrole system. 

The site of protonation in phosphole derivatives has been 
"?- . '41 

established by Hughes ~ ~ , very recently. It was found that 

<for TPP, the si te of protonation is at the phosphorus atome This 

should be contrasted to that of pyrrole, wh~re a. or B ring carbon. 
1 • 42 

atoms are protona~ed, depending upon'the substitution p~ttern • 
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Dimeri zat!on 

Phospho1e oxides and suî~ides without ary1 substituents on .. c 

the ring dimerize very rapid1y to give a Die1s-A1der dimer 

3221 ,22,25 (Eq. Il). I? ~ u 

R X 
, q 

P 
• 

Q 
R 

'1 
1 

) Rf ( 11) 

1 

\ 1 
(32) 

OEt; x = 0, S 

. \ ' - .. 
/ '. ~ 

, 1 

1-Ethoxyphospho1e l-oxide (21)22 dimerizes too rapild1y ,to "> 

/--"~) 
a110w its isolation, but its existence has been demori'stratep by 

_ 0 

its ultraviolet spectrum and by trapping it as a Die1s-Alder 

adduet 'With eyelopentadiene (Eq. B). High1y substituted phospho1e 

o~ide such as pentapheny1phosphole is quite stable under normal 
. . . . . . 31 

eond~tlons,-whereas TPP oXlde undergoes photodlmerlzatlon and 

the eorresponding su1fide tends to dimerize 31 on exposure to 

day1ight. This chemiea1 behaviour is not surprising, sinee 

cyc1opentadfene' and thiophene 1, 1-dioxide lt3 undergo simi1ar 

dimeri za tion • 
"~ : 

" 

4lt . 
Sarton ~!l have reported that TPP (11) .forms a photo-

dimer 33 (Eq. 12), on irradiation with a medium pressure 450 
"1 

watt mercury 1pmp. The behaviour of the photo~imerization would 
c 

" 

\ 

= 

j' 
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seem to cast doubt upon the possible aromatic character of the 

phosphole system" in view of ~he fact that thiophene fails to 

undergo pho't:odirneri zation. This behaviour of TPP (11) -shou1d 

1 - h f . 19 . a so be contrasted to t at 0 1,2 ,S-trlphenylpyrro1e WhlCh 

remained unchanged on irradiation under the sarne condition. . . 

Ph~Ph 
-1 . 
Ph 

( Il) 

Diels-Alder Reaction 

h'\l 
) 

Ph 

Ph. 
1 

~Pb 
(12) 

, H 

Ph 
H 

(33) 

Pen tapheny 1 ph os PhO~; ; (~) reac ts ~i th d ~me thy 1 .ic~ ty le~di-
.. . 12 . 1 d' h 1 Gcarboxylate ln a D~eIs-Alder reactlofi to yle d. lmet y tetra-

phenylphthal~te (35) wl1ich must have resulted from the inter

Mediate compound 34 by the ~xtru~ion of P-Ph group. ~Eq. 13). 

'J 

" 

\ 
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Ph Ph CCO CH
3 li' IR 2 

Â 
CCO CH 

2 3 ) 

Ph P Ph 
1 
Ph 

(8) ( 34) 

" 

Ph 
\:] 

- PPh Ph*C02CH 3 
~I 

) 

Ph ~ C0 2CH 3 
Q 

1 ! 

(13) 

Ph 

(35 ) 

However, 8 gives normal Diels-Alder adduct 36 with maleic 
, 12 

anhydride (Eq. 14). 

0 
Ph Ph Il 

'Ph~Ph 0 
Ph 

+ ) (14) 

Il Ph 
1 0 
Ph Ph 

(8 ) (36) 

• • • 31 .• • 
TPP also undergoes s~m~lar react10ns ,but w~th male~c 

• 
anhydride, the extrusion of the phosphorus fragment aise occurs 

ta form ~he aromatized compound 31. 

_ . 
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PentapheRylphospho1e oxide reacts more readily with maleic 

anhydride whereas the corresponding su1fide has the same reactivity 
12 

as the parent phosphole • TPP oxide forms the normal adduct 

'th l' h d 'd 31 dl' '1 31,35 , W~ ma e1C an y r1 e an acry on1tr1 e However, w1th 

dimethyl acetY1e~edicnrbOXYlate in hot henzene 3l and with benzyne
45

, 

the phosphorus fragment is again lost in each case to give the 

product 3·a and 39 respecti vely. 

\. 
(~ 

" 

j 
Ph Ph 

~02œ3 \- " . cQ lh 
,..-: ~ 

Ph 
C02CH

3 
0 Ph Ph 

• 
(39): (37) (38) 

,\ 
l-Ethoxyphos~hole 1-oxide 22 (21) undergoes Diels-Alder reaction 

as shawn by the reaction with cyclopentadiene (Eq. 8). 

Whereas phosphole and derivatives behave as typical dienes 

in the Diels-Alder,reac~ion, pyrrole undergoes such reaction with • 

considerable difficulty and it only gives the product of substi

tution 46 • Thiophene does not enter into reactions with dieno-

h 'l 47 P 1 es 

f 

Aromatic Character of simple phospholes 

During the past decade, a great deal of work has been done 

in an attempt to gauge the extent of delocalization of phosphorus 

e1ectron pair in the phosphole system. However, this' question 7 
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remains a subject of discussion and arguments. 

The chemical beh~viours of pentaph~nylphosphole led Brayel2 

to conclude that "phospholes behave as tertiary phosphines having 

a conjugated diene system and possess little or no aromatic 

character" • 

Quin21 ~ on the other hand suggested that the phosphine-like 

character of J-methylphosphole does not necessarily show that 

delocalization is absent in phosphole. His argument is that the 

delocalization is expected to be accompanied only by a diminished, 

but not the absence of phosphine-like character. 
L1 

Perhaps, this apparent non-aromatic behaviour in the chemical 

" 

sense can be misleading. Brown 49 has pointed out that the formation 

of oxides and quaternary salts for pyrrole and phos,hole systems 

would involve the arrangements of a planaI' configuration to a 

tetrahedral one about the heter6-atom. The difference in energy 

between these two arrangements for nitrogen is very much greater 

than for phos phorus atom, thus phos phole readily undergoes these 

reactions. Moreover, Brown 48 'has calculated that the planar 

configuration of phospho1e has a substantial conjugation energy 

of 1.498, close to that of pyrrole (l.378). The argument made 

by Brown is not valid in view of Mislow's work 50 , which has shown 

~hat the energy barrier to inversion about the phosphorus atom 

in 1-isopropy l-2-me _thyl-S-pheny lphos phole (4 O)~ has the unusually 

low value of 16 k cal/ mole compared wi th the values of 29-36 k 

cal/mole for various alkyl and aryl phosphines. This has been 

interpreted as a manifestation of cyclic (3p-2p)". conjugation, 

which is maximum in the planaI' transition state, relative to 
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pyramidal ground state. 

From the therrnochernical measurements,"Mortimer49 found that 
, 

the dissociation energy for p=o bond of pentaphenylphospho1è oxide 

is very much less than those of other phos'phine oxides. (TabJ.e II), 

and has suggested that the decrease in dissociation energy might 
. 

be a rneasure of the conjugation energy of the phosphole system 
, 

relative to its oxide. 

TABLE II 
7 

Dissociation Energies of p=o bonds in Sorne Phosphine Oxides 

Phosphine Oxide , Dp=O (}<;j, cal/mole) 

Pentaphenylphosphole Oxide 100.4 ± 9.5 , ' 

9-Phenyl-9-phosphaf16orene Oxide 
/ 

126.0 -<± 9.0 
• • A' Oxide Tr~phenylphosph~~e 128.4 ± 5.5 

Trimethylphosphine Oxide " 139.3 ± 3.0 

) r 

-

J / 
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NMR measurements provide sorne supporting evidences for the 

possible aromatic character of phosphole system. Quin27 has 

pointed out that the downfield posi tion of the ring protons in 

the n.m.r. spectrum of l-methylphosphole is,in accord with that 

of related heteroaromatics and this results from the anisotropie 

magnetic susceptibili ty of the ring i.e. "ring current" effect. 
1 

Trye low-fJeld Shif~ of phosphorus in 3lp n.m.r. spectrum of 

l-methylphosphole relative to noncyclic divinyl compounds can 

also be attributed to the delocalization of the lone pair of 

electrons on phosphorus into the cyclic n system. Quin 27 also 

noted that u.v. and mass spectra of l-methylphosphole are similar 

to those of N-rnethylphosphole. Markl
17 

has also stated that sinee 

the chemical shifts of the ring protons and of the methyl groups 

in 2 ,5-dimethyl-l-phenylphosphole ar~ ve.ry similar to those of 

related furan, pyrrole and thiophene derivatives, the phosphole 
25 

ring might possess sorne aromatic character. Mark 1 also found 

that the chemical shifts of t~e ring protons in I-phenylphosphole 

are in the normal aromatic region and tha t the spectrum is sirni laI' 

to that of N-phenylpyrrole. 

Fr6~ the 13 C NMR spectral parameters of I-phenylphosphole, 

J~kobsen5l has pointed out that there is sorne degree of deloca-

lization of phosphorus electron pair into the ring. 

From an X-ray crystal10graphic study of TPP, Clardy52 has 

concluded that the phosphole shows little if any electron deloca

lization. Quin 39 has reeently reported from an X-ray analysis 
14 

of I-benzylphosphole that there is a slight puekering of the phos-

phole ring and retention of pyramidal configuration at phosphorus, 
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which is in agreement with the conclusion made by Mis1ow50 who 

studied the barrier to pyramidal inversion at phosphorus in 

phospholes. 

Very recen tly, Mis lowS 3 has s tudied the kinetics of the 

c1eavage of phosphonium hexaf1uoro-antimonates by sodium rnethoxide 

(Eq. 15). 

+ C-
R P-CH -CH-CN 3V 2 

+ 
+ 

;::< =~' R3PCH 2 CHCN 

) + 

+ CH OH 
3 

(lS) 

Mis10w made the assumption that because the P-C a bonding 

e1ectrons in cyanoethylphospholium ion become part of the ,~yclic 

611' electron system in the phosphole forrned, there should be an 

accéleration effect if there is any de1ocalization of Ione pair 

on phosphorus. Misiow found that phospholium ion of TPP is c1eaved 

at a fas ter rate than those of other Fomparab le phospholium ions, 

and this h~s been attributed to the ~ locali za tion of the Ione 
\ 

pair of e1e~trons on phosphorus in phospholes. 

Dipole \rhomen t s tudies on TPP by Hughes 9 gi ve s resul ts of 

1.4D and 1.D8D in p-xylene and dioxan respectiveIy. However, 

f · hO 54 these values are very close to that 0 trl.phenylphosp l.ne 

which has a value of 1. 4D in ben zene. 

In view of the behaviour of phos pholes in comp1exation 

reaction, formation of oxides t sulfides t selenides, qua ternary 

saI ts and P-dibromides, i t is evident that phosphorus in phosphole~ 

possesses reactive lone pair of electrons. These behaviours cast 
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doubt upon the notion'of significant delocalization of lone 

pair of electrons into the phosphole ring. However, thermoche-
\ 

mica1 measurements. semiempirica1 calculations, n.rn.r., u.v. 

and mass spectral data suggested the possible aromatic ch'arac

ter of phospho1es. From the above evidences, it may be concluded 

that phospholes might possess sorne aromatic character, al though 

they behave like tertiary phosphines. 

Synthesis of Dibenzophosphole 

The first dibenzophosphole, 9-phenyl-9-phosphaf1uorene 

. . 55 • .,. 
(41) was prepa~ed by W~ tt~g ~n 1953 and th~s ~solat~ on was 

the irnpe tus for the preparation of other phosphole deri vatives. 

The four different methods are summarized in Scheme II. However, 

in aIl cases the yie Ids were poor. 

Scheme II 
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Several modified routes'49,56 were later employed for the 

prepara tion of higher yields of 41 and i ts derivatives ... w.i th 

substituents such as -CH 3 and -N(CH
3

)2 on the rings. 
./' 

Wittig57 and Zbiral58 used the same approach which involved 

the reaction of benzyne with triphe~1phosphine to give ~nitially 

42 followed by,elimination of benzene. (Eq. 16). 

+ 

') 

) A:eA 
~œ~ p 

/ , 
Ph Ph 

-C H 
6 6 ) ~ ~p~ 

1 
Ph 

. (41) 

(16 ) 

31 
Campbell used a more conventional approach for the synthesis 

of dibenzophosphole and this was based on McCormack's synthesis16 

of 3-phospholene oxides. l,l'-piscyclohexenyl (43) was treated 

with phenyldichlorophosphine, fo11owed by hydrolysis to afford 

the phospho1e oxide 44. Dehydrogenation wi th selenium and potassi'um 

dihydrogen phos phate gave the corresponding selenide. Me thylati on 

removed the 'selenium and the quaternary salt was decomposed by 

aqueous base to yield dibenzophosphole oxide 45. (Eq. 17). 



!) 

+ 

(43) 

H20 CV) Se 
) 

KH 2P0
4 

NaOH 
(aq) 

) 

1/, 
0 Ph 

(44) 

~~ 
~n~ P 

II~\ 
0"" Ph 

(45 ) 
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• 

) 0:û 
P 

Cl/ l'Cl 
Ph 

~ , 
,\ 

(}cCJ ~ ~ 
P 

Il , 
Se Ph 

l + O:;û -
p. I3 

1 \ 
Ph CH 3 

( 17) 

59 Campbell's second approach was the cycl~ation of 

2-biphenylylphenylphosphinic acid (47) according to Scheme III. 

The starting phosphinic acid wàs obtained by the Grignard reaction 

of app~opriate iodobiphenyl (46) with phenyldichlorophosphine. 
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Scheme III 

R'XJcù a) Mg/Et
2

O 
~ ,1 1 ~ ) 

R ~ l .& b) PhPC1 2 

c) ~202 
(46) 

R = H or rie, R' = H or Br 

A synthesis of 9-hydroxyphosphaf1uorene 9-oxide (48) was 

deve10ped by Freedman ~d D~'1ro (Eq. 18). 

Br 

~r~. 
~P~ 

/~ 
HO 0 

2KOH 

Pd~caco3 
1 ) 

CH
3

0H 

(48) 

( 18) 
~ .f 

A nove1 synthesis of dibenzophospho1e was reported by Mi11ar61 

which involved the pyro1ysis of diphosphonium sa1ts 49 (Eq. 19f. 

The mechanism of this reaction is still unknown. 
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) 

CH l 
3 
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p 
1 
Et 

+ 

Propertie~ of Dibenzophosphole 

35 . 

21 

(19 ) 

In general, aIl ~~eG reported reactions of di~e.7zoPhosPhOle 

occur at the phosphorus atome Thus, like 'simple phospholes, 

dibenzophospholes undergo the normal tertiary phosphine reactions 

-such as the formation of oxides, sulfides f selenides and quater-

nary saI ts. These reactions reveal the availabili ty of lone pair 

of electrons on ph,osphorus for combinat ion. 

From thermochemical measurements, Millar49 has found that 

dibenzophosphole possesses a slightly lower P=O bond dissociation 

energy than for normal phosphine oxides. The D value is 
P=o . 

126 ± 9 k cal/mole which is comparable wi th that of triphenyl

phosphine oxide, but i t is lower than that of trimethylphosphine 
, 

oxide (Table II). Since this value is'higher than that of penta-

phenylphosphole, it appears that the extent of delocalization 

of phosphorus lone electron pairs is smal!. 

Alkali metals such as lithi~m, sodium, potassium and cesium 

c1eave the P-Ph bond of 9-phenyl-9-phosphafluorene (41) to 

~ 
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the metal phosphide 50, wh~ch can be trapped by treating wi th 

hydrogen peroxide to form,9-hydroxy-phosphafluorene 9-oxide (48) •. 
.. 

50, on hydrolysis with H
2
0/AcOH gives the P-unsubstituted 

'Qibenzophosphole 512-9 ;~O (Eg. 20). 

0:0 ~ 1 p 1 h + M , 
Ph 

(41) 

~ ~n~ p 
1 -
H 

( 51) 

~ ) ~IGJ/: 
P 

(50) 

J:' 
~ c' 

4:-C\-

H = Li, Na, K, Cs 

(;> 

+ PhM 

(20) 

Dibenzophosphole also forros a complex with eu(I) and Cu(II) 

chlorides 37 • 

Ben zophospholes 

" 

The field of benzophosphole chemistry may be divided into 

two, narnely (a) benzo[!iJ phosphole or phosphindole (4) and Cb) 

benzo[c]phosphole or isophosphindole (6)~ 
-~J - , 

. In'1)hosphindole t thè ben z,ene ng i 
, 

to the 2- and 

~.J.. 

tI 
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3- positions of the phosphole ring. Fusion at 3- and'4- positions 

'gives isophosphindole. -

. 

CD P 
1 
H 

( 4) 

• 

• (6) 

Synthesis of Benzo[~]pho~phole or Phosphindole 

. 
There-has been·no report on the synthesis of ~ itself. 

Benzo[~]phosphole derivatives have been reported,.but are rane 

in contra~t to ether phospholes. 
'I; 

A 2,3-dihydrobenzo[~jphosphole derivative S~ was first 

synthesized by Mann and Millar
62

, accordin~' Sch~me IV. The 
; .' 

Key step was the intx:amolocular CYCliz.ati1r of 5°2 to 53. The 
• f ' J. 

final step involved the .thermal decemposi~ion of the phosphin-

dolinium salt 53 t'.o give 2 ,3-:dihYdr~-,etl'iYlben'zo[blPhosPhole 

'l 

" 

) 
1 , . .. . .' >0 

(54 ). 



................................ ----------------~31a8~ 

e 

• 

Scheme IV .. 
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~ 
Br 

HBr 
) 

AcOH 

(l«CH2 )2R;') 

, PEt2 ·HBr 

(52) 

(çJ 
1 
Et 

(54) 

0 

Another reported benzo[b]phosphole derivative is the cyclic 

ylid
63

57. It was obtained via a 6-step synth~sis, starting from 
u 

o-bromobenz11 methyl ether (55). The final step involved the 

dehydrohalogenation of the pyclic p~osphindol~nium salt 56 

(x=nF4-) with potassium ~-butoxide (Bq. 21). 

5-step 
) ~ 

't-BuOK 
1 ). 

~ + 
P R ,Synthesis 

/ \ 'X· 
Ph Ph 

(55) (56) 

R = Ph.; X = BF~ 

" <,., 

Il 

~ (21) ~P~R 
~h2 

(57) 

R = Ph 

" 
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The synthesis of highly substituted benzo[~)phosphole was 
S4 

reported by Rausch and Klemann • Their synthetic. approach 

involved the reaction of diphenylacetylene with n-butyllithium 

to produce a dilithium derivative 58, which on'treatment with 

phenyldichlorophosphine gave 3-n-butyl-l,2,-diphenylbenzo(b]-

pnosphole (59) (Eq. 22). The corresponding oxide SO was prepared 

by peroxide oxidation •. 
"'''' 

(59) 

(58) 

+ 
Li 

-;-- r 

OJe
n-C4Hg 

r 1 1 
~ , (22) 

P Ph 
Il \ 

o Ph 

(SO) 

Recently, Mislow and co-workets 50 have reported the synthesis 
. 
of 2,3-dihydro-3-methyl-l-phenylbenzo[~]phosphole (63) which 

involved a 7-step synthesis and the key step was the .cyclization 

of SI to 62, analogous ta that used by Mann and Millar
S2 

(Eq. 23). 

( 
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NaOH 
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1 
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(Jç)
CH 3 

1 
PhSiH3 

~ -----. .. ) p 
/~ 

Ph 0 .. 

• 

(61) 

ccrCH3 ;/, 
~ p 

1 
Ph 

(63) 

r 

110 

, CH 

(}Q 3 

P Br 
/ \ 

Ph CH 2Ph 

(62) 

(23) 

Other than the above syntheses, 'there has been few reports 
• 65 

on the benzo[b]phosphole system. More recently, Chan and Wong 

have developed a' synthesis of the firs t simple benzo[~]phosphole 
? 

derivative, l-phenylbenzo[b]phosphole (67). The synthetic route 

is shown in Scheme V! The benzene ring was constructed by the 
67 .. 

method of Hill and Carlson • By heating E,E-l,4-diacetoxybutadiene 

(64) with l-phenyl-2-phospholene oxide (65) furnished the adduct 

66. N-bromosuccinimide bromination ~ followed by" dehydrobromination 

and reduction gave l-phenylbenzO[b]phosphole (67). - . 

• , . 
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Sche'me V 

OAc 

< 
Br 

+0 
Il (Jo NBS O:j. ) ) 

P 150 0 ::::-... p (C6HS COOl 2 
Il \ Il \ . 1; \ 

OAc 0 Ph 0 Ph .c- O . Ph 

(6 ll) (65) ) (66) 

(Je] HSi Cl.~ 
- )' Co 

Il \ 1 
o Ph " Ph 

l (67) 

Properties of Benz~]phosphole 

Like tertiary phos phines, 1-phenylben zo[b]phosphole is 

easily oxidised by air to the oxide and it quaternizes with benzyl 

bromid~65 ,66. '" 

2, 3-nihydro~-ethy1benzo[b]phosphole (54) forms a complex 
, \ -

with palladous bromide62 • 

Supporting'evidence for the possi~le a~omatic character in 

benzo[b]phosphole is provided by the U.V~d the n.m.r. spectra 
65,66 

of I-pbeny1benzo[b]phosphole • Its u.v. spectrum close1y 

~ t f 1" d resemb1es .,'that 0 I-pheny 1n ole. 
1 

The pheny1 and viny1ic protons 

are weIl separated in the 220 MHz n.m.r. spectrum. The P-CHa and 

P-CHa coupling constants are in agreement with those reported for 

I-methylphosphole 27 • The chemica1 shifts' of the vinylic protons 

are in .the nQrmal aromatic region. These observations have been 
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attributed to the delocalization of lone pair of electrons on 

phosphorus and thereby imposing aromatic character on the phosphole 

ring. 

Mislow and co-workers SO have measured the pyramidal inversion 

barriers of substituted benzo[b]phosphole and dibenzophosphole 

and compared with thos~ of model compounds. They have found the 

unusually low barrier to pyramidal inversion (15-16 'k cal/mole) 

at phosphorus in phosphole system. But in benzo[~]phosphole and 

dibenzophosphole, a significant increase in barrier height (8 and 

10 ~al/mole respectively) was observed, relative to the parent 

system. The abnormally low barrier to inve~sion at phosphorus 

in phosphole system is interpreted as a manifestation of cyclic 
'" 

(3p-2p)n conjugation, which is maximum in the planar transition 

state, relative to pyramidal ground state. The increase in barrier 

height in benzo[h]phosohole and dibenzophosphol~ has been attributed - . 
to a virtual disruption of the possible delocalization in phosphole 

system, upon annulation. 

Although the properties of phospholes and dibenzophospholes 

have beèn studied widely, the chemistry of benzo[~]phosphole has 

been less explored. More evidences from the X-ray analysis, di pole 

moment measurements, thermochemical measurements and the other 

chemical behaviours will be necessary in order to solve the problem 
~, 

concerning the degree of aromaticity in benzo[b]phosphole system. 

2 
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Synthesis of Benzo[g]phosphole or ~phosphindole 

The chemistry of ~phosphindole (6) îtself is still unknown 

and its derivatives are also very rare. However, isophosphindoline 

(68) and isophosphindolinium (69) systems have been reported. 

(6) (68) ( 69") 

The isophosphindoline system was first synthesized by,McCor

mack16 who treated 1,2-dimethylenecyclohexane (70) with phenyl

dibromophosphine to produce ~phosphindolinium salt 71J}, which -

on hydrolysis gave 4,S,6,7-tetrahydro-2-phenylisophosphindoline 

2-oxide (72) (Eq. 24). 

a CH2 OJ/Bl' OC~o 
+ PhPBr2 

) , P,Ph ) 1 P ( 24) 
~ CH '\ 

2 Br Ph 
t , (70)'"'- ( 71) (72) 

-
.. 

Mann et a168 ,69 ';nvestl.'gated l th f 2 h ___ __ ~ sever~ syn eses 0 -p enyl-

~phosphindoline (74). In their first attempt, o-xylylene dibromide 

." '" , f 

Isophosphindole is the trivial name for benzo[c]phosphole 
.iëcording to Ring Index and this term will be üsed frequentlv 
throup;hout this th~sis. 
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~ 

(73) was treated with the Grignard re«gent C6H5P(Mg~r)2 to form 

an amorphous powder which was then thermally decomposed to give 

7~ in very low yield (Eq. 25). 

Br « +. PhP(MgBr)2 

Br 

(73 ) 

) (r)-Ph (25) 

( 74) 

An improved procedure was achieved by treating o-methoxy

methylbenzyl chloride (75) with (C6H5)2P~a to afford the phosphine 

76. This phosphine in acetic acid-hydrobromic acid gave 2,2-

diphenylisophosphindolinium bromide (77) (Eq. 26). 

-;;'1 
(XCH2OCH 3 

~ 

CH 2Cl 
If 

(75) 

HBr 

AcQH 

+ NaPPh 2 

~ 

'*" 

~Ph 

~~~Ph 
(77) 

-" 

o:CH2OCH 3 

" 
~I 
~ 

CH2PPh2 

("1S) 

Br (26) 
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, 69 A modified synthesis of 74 was developed by the sôme group 

as illustrated in Eq. 27. The final step involved the thermal 

, 

decomposition of the isophosphindolinium bromidl 78 to yield 74. 
l , 

OCH 3 Na OCH 3 , 
Ph-P-Et HBr ~/Ph ) ) 

Br AcOH ~ 'Et 

Cl P-Ph 
( 78) , 

Et 
, 
'\ 

A 
(jr)-Ph ') (2 7) 

distill 

(74 ) 

M 1 70 1 S ' B l' 71 ark and more recently n1der and er 1n have reported 

facile synthetic entries to the ~phosphindolinium system 69. 
" 

The synthetic approach of Markl was the treatment of o-x~lylene 
F -

qibromide (73) with tetraphenyldiphosphine (79) to Droduce the isoPhos 
i 

phindolinium bromide 77 (Eq. 28) • 

+ Ph2 P - PPh 2 ') 
(JO/Ph 
~ 1 P'Ph Br (28) 

Br 

( 73) (79) . (77) 

,-Fr. 



• 
Whi1e our work was in progress, the report on the synthesis 

of 77, by Snider and Berlin appeared. They heated diphenyl , 71 ~ 
phospho~ous chloride (80) and CaC2 in the presence 0 o-xylylene 

dibromide (73) to affol"d 7 7 (Eq .', 29) • 

+ ) 

2) 

(80 ) 
~Br 
~Br 

~/Ph 
~P'Ph 

( 77) 

Br (29) 

fT\.j. 'h h f' h h' d l' 72 d ~wo reports on t e synt eses 0 1S0p Osp ln Olne an 

• h ' " 13 , . . f 1S0p osph1ndole derlvatlves appeared, at the tlme 0 the com-

pletion of our work. 

One report was by Robinson ,and Lewis 72 who prepared isophos

phindoline (68), starting from o-xylylene dibromide (73), according 

to Scheme VI. 

.' 

, , 



rot 

... 

~' ,. 

" 

.' 

Il; -

Scheme VI 

Br 

Br 
(73) 

~ 

_F_e_
4

) ~p~O 
powder ~ 'OH 

.~ 

41 

Cf>-H Ph 2SiH 2 
) 

(68) 

CH 2N
2 

) 

,~ 

~p~O 
~ 'OCH 

3 

The mechanism of the reaction with iron powder has not yet 

been determined. 
73 

The other report was by Holland and Jones who prepared 

the substituted isophosphindole derivative. This method was based 

on the McCormack's reaction be~een the o-quinonoid tautomer 81 

of diphenylbenzocyclobutene and phenyldichlorophosphine to form 

an adduct, which on hydrolysis afforded the phospholene. ,.bxide 82. 

~ .. 

N-bromosuocinimide bromination, followed by reduction with copp~r 

powder furnished l?2,3-triphenylisophosphindole 2-oxide (83), which 

dimerized spontanepusly to give 84 (Eq. 30). 
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Ph Ph 

o=cPh cq Cl ~I c<. ) 
~ / ,. PhPC1 2 1 p- Ph 

~ < 
~ ~ ~ , 

Ph Cl 
Ph Ph 

( 81) 

Ph Ph Br 

H2Q oJ~o NBS cQ~o • ~ '\Ph ) ~ ..... Ph 

Ph Ph Br,( ( 82) 

Ph Ph 

Cu çç ~O Dimerization 
~ 

p~ .. ) Ph (30 ) 
~ ~ 'Ph 

powder 
Ph 

Ph 
" 

(83 ) ( 84), X = P(O)Ph 

Properties of Benzo[c]phosphole 

The synthesis and properties of isophosphindole (6) have not -
ye~ been reported. 

~ 
However, sorne properties of 2-phenYlisop~oJ,,:, 

ph~ndoline (74) have been studied by Mann and 
; 68,69 . 

Ml.llar • 

2-Phenylisophosphindoline has the normal properties of 

tertiary phosphines. It read!ly quaternizes with methyl iodide. 
l '. , ~ 

It forms normal stablé covalent complexes of composition 



• 

-. , 

49 

(Cl~H13P)2Pd X2, where X=Cl, B~ and l and Cl~H13P=2-phenyl~

phosphindoline, with dihalogenopalladium (II). It gives compounds 

with certain metallic halides in which the metal shows an usual 

coordination number74 ,75,76. 
(] 

With the dihalogehopalladiurns, it gives complexes of the 

type 85, which are covalent in crystalline~state and in non-poiar 

solvents. However, they are in equilibrium with the ion~p forro 
74 86 in polar solvents • It also forms sirnilar type of cornpounds 

with dihalides of platinum, nickel and cobalt, but the cobalt 

compounds do not give the ionic form 86 75 • 

(85 ) ( 86) 

76 .. .. . 
M~nn et ~ also ~nvest~gated the coord~nated der~vat~ves 

of 2-phenylisophosphindole with copper (1), silver (1) and gold 
-- • l 

(1) halides. 

1:1 complex 

1:1 complex 

With cuprous aniilver iodides it gives tetrameric 

87, whereas wi th a rous. iOdide, i t forms monlmeric 

88. The three-c -ordinate covalent c~mplex~s 89 

are obtained when it combines with the above mentionéd iodides. 

On further combination, produces the four-co-ordinate covalent 

complexes 90. The ionic ~alt 91 where X=N0 3 and CI0
4 

is given 

1 b . d' d' 76 on y y cuprous ~o ~ e • 

( 87) (88) 

,,' 



(89 ) (90) 

[( C H P) CU]X 
1 14 13 4 . -

(91) 
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rhe reaction of 2-phenylisophosphindoline ~th palladous 

halides 68 is of considerable interest. The complexes of com

position [(C14H13P)2PdX] where X=Br, Cl arê obtained on reacting 
,... l ' 

with potassium palladopalides. These comppunds undergo asso-

ciation in solution. However, they are stable coordinated de-

rivatives of univalent palladium, thus representing a new type 

of coordinated rnetaÎlic compound. 

~phosphindoline (68) readi ly forms ~phosphindolinium 

salt with o-xylylene dibromid~7? 

The substituted isophosphindole oxide (83) tends to dimerize 

so rapidly that its isolation is not possible. But its existence 

is confirmed by its u.v~ spectrum and by trapping it with cyclo-
. .. ? 3 

pentad~ene and N-phenylmale~m~de 

·Since the chemistry of benzophosphole is incomplete, the 

exploration ~n this field would provide sorne more informations 

for,' the ser1es of phosphole chemistry and it will be of consi-

derable interest to make a comparison between the chemistry of 

phosphindole and the isoconjugated isomer isophosphindole. 

Very recently, Hislow ~ al?? have calculated the pyramidal 

inversion barriers in l-methylisophosphindole and They predicted 

a substantial decrease in barrier height (6.9 k cal/mole), rela

tive to a model compound. They further predicted that the delo

cali-zation of lone pair of electrons on phosphorus may he favour- , ) 
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able in the transition~state t~inversion, resulting fro~ the 

inoreÀsed benzenoid character for the carbocyc1ic portion of 

the bicyc1ic structure. Hence" this decrease i'n barrie~ height 

cart be experimentally verified, if isophosphindo1e system can 

indeed be syn thesi zed. c' 

In this !hesis, the chemistry~of penzophosphole derivatives 

will be discussed. \ 

.. 
r .' 

, 

., 
• 

.. 

. , ,.' 

, \ 

" , 
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-" CHAPTER 2 

.RESULTS AND DISCUSSION 

l-Ethoxyben zo[~.JPhosphole l-Oxi de 

General Synthetic Route to I-Heteroindene 

I-Heteroindenes like benzofuran (92), indole (3) and benzo-

thiophene ~ 93) l'taye been known for many decades. Amongst these 

three systems, indole and its derivatives hold an important 
\ / 

place in organic chemistry, sinee the indole r~ng system i5 , 
found in rnany naturally occuring compollnds of great chemical 

• 
and biochemical interest. • 

. 1 ~ ... 
,,---

(JcJ CO ~ N 
1 ',-P-
H 'V 

(3) (93) 

->, 

<II\. 

The majority of the general synthetic route to l-heter~-

indenes start from mono sunsti tuted or ortho disubstituted ben'zenes -
""'" ~ \ ~ 

~ and form the five-membered .ring. Sorne l'-f the synthetie approa-
78 79 

ches ' 4re illustrated in Eqs. 31-33. \, 

,r 
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((CH3 t-BuOK ,Cd ~I 350-360° t.. 20 mins. ~ N ( 31) 

N-CHO then H20 1 1 H 
,p 

H , 
#! ... 

1 CH 

Q COCH 3 H? S0 4 CC( 3 0 

1 » 
CHCOOEt 0-5 0 ~ 0 COOEt 0'" 

, . r 

1) KOH 
(32 ) 

2) HCl 

3) l!. 

CH=CHCl 

) ( 33) 0: KOH 

, SH 

b 

~ 

Similar synthe tic approaches were used for the ana1ogous 
- . 

compounds 'like arsindPle80,8~ (Eq. 34) and phosphindOle6~ deri-

1. vative~ (Eq. 22). 
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~" CHC! 
~ )J 

AICl 3 ) co MeMgI 
~ (Jo ( 34) 

As 
1 

Cl 

As 
1 

Cl 

As 
r 1 

Me 

, An alternative approach, i~volving the construction of 

benzene ring, instead of forming the heterocyclic ring at the 
• 1 \ ,,# '" 

cri tical step might serve as a' new approach to the synthesis 
- Cl 

of l-heteroindenes. A simple and direct method for forming 

benzene ring has been developed by Hill and Carlson67 , which 

is based on the cycloaddi~ion of E, E-l, 4-diacetoxybutadiene 

(64) with dienophiles. The Diels-Alder adduct 94 was found 

to eliminate acetic acid thermally or when treated with'base 

to yield the corresponding aromatized compound 95 (Eq. 35). 

OAc OAc 

< 
X 

( 
X '6. (XX + ~ • or baSE! 

y y y 

OAc OAc 

( 64) (94) (95) 
," 

~ 

" 

( 35) 

This method of forming aromatic ring appears to be general 

for Many • .' 82 
d~enoph~ les • It has been successfully applied for 

the construction of benzene ring in the syntheses of I-hetero-

-
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indenes such as I-phenylbenzo[b]phosphole" and benzo[b]thiophene 1, 
65,66 

I-dioxide in our laboratory (Eq. 3S). 

Ac 

+1[) 
X 

OAc 

/ 

Diels-Alder 
) 

Reaction 

OAc 

X 

A CO ), 
C 36) 

or base 

= S02' PCO)Ph 

The synthesis of benzo[E]phosphole appears to be parti cu

larly attractive, sinee benzo[b]phosphole, being unsymmetrical, 

cannot be prepared.by the general synthetic pathways used for 

the-symmetrical phospholes and dibenzophosoholes. However, , -
-this approach has: so far been applied to one simple compound 

(i.e. X=P(O)Ph, Eq. 36). It seems to us that it is necessary 

to explore the generality of the reacti~. Fur~hermore, there 

has been relatively few reports on the benzo[b]phosphole system 

'in the literature. Therefo1"'e, it is one of the Objectives of 
t "\ 

this research projeet to examine the f"pll.o~ing synthe tic route. 

, . 

/ 

/ 

[' 
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<AC 
+ 0 " \ OAc _ 0 OR 

(64) ( 18) 

Aromatization 
) 

Dehydrobromination 
) 

? (, 
',-

OAc 

Diels-Alder 
) 

Reaction ~P, 
o OR 

OAc 

(98) 

~ 
~-n) 

Bromination ~r 
p 

H' 
o OR 

) 

~p) 
Il , 

o OR 

/ 
/ 

(99) (100) 

(Je] 
Il.\ 
o OR R = ~t 

(101) 

e _ w 
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It is fel t that the group on phosphorus wàuld present 

qui te a different case from the phenyl substi tution. The final 
. . 

product. 1-ethoxybenzo[2.]phosphole l-oxide will represent the j 

first example,of benzophosphole, where phosphorus is function

alized. 

l-EtJ:loxY-2 t 3-dihydrobcn zo[b ]phos p};lole l~oxide . 

. ., 

In the syn.thesis' of '1-ethoxy"'2 ,3-dihydrobenzo[b]phQsphole 
-, -

'. 
~:,\I . 
/' 
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l-oxide, the most suitable dienophi1e to be treated with E, E-

1,lJ-dic:tcetoxybutadiene (SlJ) was chosen to be 1-ethoxy-2-phos-

pho1ene l-oxi de. 
~ 

The dienophi le require d was prepared according 
~ ~. 83 

to the method of Hasserodt and co-workers 
.. 

This me thod in-
t 

vo1ve,d the initial addition -of phosphores trich10ride to 1,3-

butadiene to form the corresponding adduct 96, which on trea tmen t 

,w~ th excess ethano1 afforded l-ethoxy-2-phospho1ene l-oxide 

cis) (Eq. 37). 1 

-,( 

0 0 '. n '1 EtOH 
+ PCl 3 

) ) (37) 
P 

Cl'" l'Cl q \ 
Cl 0 OEt 

~ 

.r~,., 

( 96) ( 18) 

, J 

The mechanism of the double bond migration is still uncer-
.. 84 

tain, due to the lack of adequ~e eviden ce. Hunger etaI 

have suggested that the adduC't undergoes proton abstraction so 

~adily that even alcohol is a suffj ciently strong base to 

accomplish this. A resonating dipolar ion 97 was pictured as 

the intermediate, which on protonation, followed by hydrolysis 

then gave either the 2- or the 3- isomer (Eq. 38). 

W 
1 P 
1 \ Cl 

Cl Cl 

B 
) 

+ 
+ HB + Cl 

(38) 

(97) 
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A mixture of equal molar quantities of E, E-l,4-diacetoxy-

butadiene (64) and l-ethoxy-2-phospholene l-o~ide (18) was heated 
o 

in a sea1ed tube at 135 for Î to ll~ days. A new compound was 

isola ted by preparati ve thin layer chromatography. Mass spectrum_ 

showed that it was the Diels-Alder adduct 98. Infrared spectrum 

also confirmed the presence of the acetate groups. Similar 

adduct was also fonned in the reaction of 2, 3-dihydrothiophene l, 

I-dioxide with E, E-l,4-diacetoxybutadiene 65 ,66. On the con-

trary, the Diels-Alder adduct of l-phenyl-2-phospholene l-oxide 

eliminated aceti c acid thermally dud ng the reaction condi tions 
65,66 

to give the aromatized product In the Dresent case, the 

elimination 

achieved by 

of acetic acid from/he diacetoxy aàduct 98 Mas 

dire ct1y treating the reaction mixture wi th base, 
1 

wi thout isolating the interrnediate adduct. Thus, the reaction 

mixture was refluxed in alcoh01ic sodium hydroxide solution 
; 

for 12 hours. A new compound was isolated in 25% yield (baS~d" 

on reacted l-ethoxy-2-phospho1ene l-oxide) by co1umn chromato-
" 

graphy on silica gel, e1uting with ethyl acetate. It was iden

tified as 1-ethoxy-2, 3-dihydroben zo[~)phospho1e l-oxide (99) 

by its spectroscopie data an6'e1bmenta1 ana1ysis. 
~ -

The infrared spectrulB, of the dlacetoxy aç}duct 98 is qui te 
-1 

simple and i t shOVlS a strone C=O s tretching band at 1740 cm 
-1 

a sharp C.;O stretchine band at 1370 cm " a weak C=C stretching 

-1 band at 1600 cm and a characteristic strone; 'p=o stretching band 

-1 
at 1260 cm 

The infrared spectrum of 1-ethoxy-2, 3-dihydrobenzo[b]-
-1 

phospho1e l-oxide (fig. 1) exhibits a strong band at 1260 cm " 



,i' ~. 
" 

-1 
a ttributable to P=O s tretching and a sharp band at 1600 cm 

associated wi th C=C s tretching. 

59 

The u.v. spectrum of 1-ethoxy-2, 3-dihydrobenzo[~]phospho1e 

l-oxide (fig. 8) consists of a high intensity primary band at 

217 nm and a low intensi ty secondary band wi th vibrational fine 

structure ~ maximum at 269 nm. The spectrum greatly resembles t 

those of triphenylphosphine oXide
85

, diphenylphosphinic acid
86 

65,66 
and l-phenyl-2, 3-dihydrobenzo[~]phosphole 1-oxide (Table IV). 

The high intensi ty band at 217 nm is assigned to correspond 

to the primary E-band of benzene at 203 nm, displaced by subs-

titutions. The low intensity band at 269 nm corresponds to 
87 

the 8-band of benzene at 256 nm. It has been observed that ... 
a1ky1 substitution intensifies and also shifts the secondary 

band of benzene to longer Tyavelengths. This has been attributed 

to the predominant C-H hyperconjugation. In ethyl benzene, 

88 
the ethyl group shifts the 256 nm band of benzene to 260 nm 

In l-ethoxy-2,3-dihydrobenzo[~]phosphole l-oxide, it may be 

considered that the ben zene ring is substi tuted wi th a -CH -CH -
2 2 

group. Hence, the shift of 256 nm band of benzene to the longer 

wavelength 269 nm rnay be associated wi th the alkyl subs ti tu tion 

of ben zene ring. 
89 

SkIaI' has stated that a benzene derivative wi th consi-

derable resonance interaction between the substi tuent and the 

ring \will have an u.v. spectrum which differs markedly from 

that of the parent compound. In view of the general simi larl. t'Y 

between the spect~a of benzene and l-ethoxy-2,3-dihydrobenzo

[b]phosphole l-oxide and the presence of the vibrational fin!-~ - ,"-
structure, the 'conclusion may be drawn that no resonance exists 
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r 
between the benzene ring and the -PCO)OEt group. The same kintl 

of conclusion has been drawn for diarylphosphinic acid and 
. . 86 

ary1phosphon~c ac~d 

The proton n.m.r. spectrum of l-ethoxy-2,3-dihydrobenzo

[b]phosphole l-oxide (fig. 3) consists of a 4-H multiplet at 

7.S <5 for the aromatic protons, a 2-H quintet at 4.2 <5 for the 
y'J 

methylene protons attached to oxygen, two 2-H multiplets at 

3.1 <5 and 2.2 ô for the two methylene groups on the ring and 

a 3-H triplet at 1,3 ô for the ester methyl proton~. The com-

plexi ty of the spectrum is in part associated wi th the coupling 

of protons with the phosphorus atome Tt is not easy to make 

an assignrnent on the two methyl~ne eroups. However, it seems 

probable that the benzylic proton m~ght resônate at a lower 
.' 

field than does the methylene proton attached to -P(O)QEt group. 

Supporting evidence for the above consideration can be obtained 

by comparing the chemical sh ift values of me thy1ene protons in 
90 " 

diethyl e thylphosphona te (102) and c thy 1 benzene (103). Tt 

has been observed that the benzylic protons in 103 resonate 
94 

at 2.62 ô , whereas the methylene protons attached ;to -P(Q> 

COEt) group in 102 give signals at 1. 88 ô90 Thus, the mu1-
2 

'\ tiplet at 3.1 ô may be assigned to the benzylic protons and 

the one at 2.2 6 to the rnethylene gr·:>ups adjacent to -P(O)OEt 

group. 

(102 ) 

~CH CH 
~ --2 3 

( 103) 

- « 
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The mass spectrum of the diacetoxy adduct 98 shows a weak 

molecular ion (M+) at mIe 316. \The base peak is at mIe 213 

and the other prominent peaks are at mi 273, 256, 196, 168, 167 
e 

and 104. The ion at mIe 273 arises from the 10ss of CH
3

C;O 

radical, a process which is characteristic of acetate esters. 
1 

Another interesting feature is the successive elimination of 

acetic acid from the molecular ion to give the ions ak mIe 256 

and 196. Loss of ethylene molacu1e by the McLafferty rearran

gement from the ion ai mIe 196 provides the ion at mIe 168. 

, 91 
This kind of fragmentation is observed in triethy1 phosphate • 

The ion at mIe 168 f~rther loses the -PCQ>OH moiety to afford 

.the ion at mIe 104. The fragmentation pattern is i11ustrated 

in Scheme VI 1. 

Scheme VII 

0 0 
Il + 0 Il 

CH3-C-O ,. 
" 

, + . 
1. -CH 3COH 

)a 
œr~. 

( 
~P, ''l'P, 

o OCH 2CH 3 
o OCH 2CH 3 

CH 3-C-O 
Il 
0 

ml} 316 l mIe 256 

. ' 1 

~ , 
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Il 

.p 
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The mass spectrum,of 1-ethoxy-2,3-dihydrobenzo[b]phosphole 

l-oxide (fig. 5) is of considerable interest. It exhibits a 
\+ ' 

rather intense molecu1ar ion (M ) at mIe 196. 'The basè peak 

at mIe 16B may arise from the 10ss _of ethylene molecule by the 

McLafferty rearrangement from the molecular ion. This kind 

e of e1imination has similar1y been observed in 1:-:..ethoxy-2-phospho

lene 1-oxide (fig. 7). The~other prominent peaks are at ~/è 167, 

151 and 104, which arise from the 10ss of C2Hs , C2HSO radicals 

and the -P02C2Hs group rrppectively from the molecular ion. 

The f~agmentation pa~tern is sHown in Scheme VIII. 

Scheme VIII 

- , .... 

.. 
ml e 196 

" "'-C2HS • 
-C2HsO~- , ' ~, 

ale ·104 

e 

~OlOH" +' Il 

(}Q' 
. p 

Il \ 
0 

• .-r 
OH 

1 
1 

~ :-.--~ 

" " ..,. 
-OH, (Je) "mIe 167 ) ~ 

" . p 
Il 
0 

0 

mIe 151 
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Reaction Conditions 

'r The Diels-Alder reaction betw~en E, E-l, lf.-diacetoxYbuta-

diene with l-et~oxy-2-phospholepe l-oxide did not occur when 

the reaction was carried out in refluxing solven ts such a~ ben-
, 

- zene, tolu ene or xylene. The reaction seemed to procee9 very" 

slow1y below 120°. in a sealed tube. At higher te'mperature (150 0 

or higher), polymerization occurred. 
.; 

~ . ' 
Therefore, tlJe optl.mum 

reaction tempera~ure was in the ~ange of 13q - 140°. Thus, 

the reaction mixture was heated în a sealed tube at 135 0 for 

7 ta 14 days. Furth~ heating for over three weeks failed to 

.~mprove ~he yie1d. 

'Various bases, such as alcoho1ic qodium hydroxide~ sodium 

ethoxide' in ethanol, triethylamine in b~nzene an'd to1uene, po-

!assium ~-butoxide in tert-butanol and dimethyl sulfoxide 

and l, S-diazabicyclo (3.4.0) nonene-S (DBN) in benzene and 
o 

toluene, aIl in ref1uxed condition, were attempted for the eli-

mination of ace tic acid from the diace toxy adduct 98. -Amongs t 

a ...... th,ese, ba.ses, triethy1amine was founçl to be -roo weak to effect 
. 

the e1imination. Wi th DBN in ben zene or toluene, the elil1)ina tion 

seemed th be incomplete, eve~ af~r refluxing fo~ 2 days. In' 
',' 

the case of potassium ~-butoxide, some of t,he materials were 

lost du~ing work-up. Either sodium hydroxide or~sodium ethoxide .. 
in refluxing ethanol gave good yield. Sodium hydroxide \oJas 

~ 

final'ly chosen, becaus,e of' its simplicity in operation. The 

'eliminatioTl process was carrie~ out fC:f 10 to 12 hours. The 

yield was not changed when the refluxing timè was increased. 

" i 
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In this reaction, sorne polymer w~s aiso formed and its formation 

couid not be ~revented. 

~' ~. 

Variation of the Stoichiometry of the Diene \ 
l 

S;nce the Diffls-~er-reaction ts reversible, using excess 
- , 

of one of ~he reactants might;, drive the reaction to the side' 
) 1.... .. 1 ... 

of the ·product. However', the, yield of the produc't was not im-
, '''1 

El ' ( 
proved by using 1, 2 or 3 mo19r excess of the diene under the 

same reaction conditions • 

... 
Other Dienes (. 

Hopi~ that sorne other dienes might b, more effective ,in 

the 'Diels-AldeJ;' reaction, several attempts were made by using 

butadiene, isoprene and l-acetoXYbutadiene
92 . 

It was found 

that none of the above'mentioned dien~s ~ere as effective as 
" 

E, E-i;·4-diaceto~ybutadiene. 
. 

In all eases, the stùrting ma-

terials were recover'ed •. It is n0:t surprising that E, E-l, 4-
~ 

diacetôxybutadiene is the Most react~.ve, since the electron-

donating qcetoxy group is known to facilitate the Diels-Alder 
~ . 

reacth:m. 

'f-

Br$mination of 1~Et~oxy-2, 3~pihydrobenzo[~J~hosphole 

1-0xidc " 

r. l-'E1:;hoxy~ 1., 3-dU\y"d~l>erlzo[!?]phOS phole l-oxide (99) was , 

i' 

, .. 
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G 

brominated with equal mole of recrystallized N-bromosuccinimi

de93 ~n the presence of a'catalytic amount of benzoyl peroxide 

in refluxing benzene for 12 hours. A new compound was' isolated 

in' 30% yield by preparative thin layer chromatography. It was 

identified as the monobromo derivative 100 by n.m.r., i.r. and 

mass spectra. It is probablè that it is the 3-position of the 
" ,benzophosphole ring which is brominated, since radical reaction 

is more likely to take place at the benzylic position. It has 
, 

been sugges ted that the allylic 'posi tion was c brominated in 1- , 

ethoxy-2-phospholene 1_oxide 22 
(Eq. 7). 

In addition to th€ monobromo derivative, some dibromo deri-

~atives were also formed as revealed by th~ mass spectrum of 
1 

the 'reaction mixture. But their purification were not attempted. 

T f Il' ' . .. 93 he use 0 pure recrysta lzed N..,bromosucc1nlmlde gave 

a better yield of the proctuct. Attempts to prevent the forrna-

tian of dibromo derivatives by decreasing either the reactipn 
,1 

time o~ the reaction temperature were unsuccessful. 

The infrared spectrum 

[~)phosphole l-oxide (100) 

-1 
s tre tch ing a t 1270 cm and 

160 l cm 
-1 

l, 

of l-ethoxi-3-bromo-2 ,i1-dihvrlroh~nzo-
\ , 

shows a s trang character~5' piO 
, 

a sharp C=C stretching band at 

f The n.m.r. spectrum <,f l-ethoxy- 3-bromo-? ,3-dihvdrohenzooli 

[b]phosphole l-oxide shows a 4-H multiplet nt 7.6 6 for the 
, 

aromatic protons, a l-H multiplet at 5.6 6 for the benzylic 
" , 

~~aton, a 2-H mùi. tiplet a~ 2.7 6 folr the ring methylene protons, 

a 2-H multiplet at 4.36 for the ester methylej\e P'1tons and 
. , 

, a 3-H trip~~t at 1.3 6 for the est~r methyl protons. 
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Due to the lack of reports on,tRe n~m.r. spectral:fata 

~ • 22 
l-ethoxy-2-phospholene 1-ox1de of the monobromo derivatives of 

and l-phenyl-2,3-dihy~roberzo[~]phosphole 
65,66 

l-oxide , i t, is 
1 

not possible to make a comparison between those compounds and 

l-ethoxy-3-bromo-2,3 ... dihydrohenzo[b]nhosphole l-oxide. However, 
~ -
there is one report on the n.m.r. of the dibromo derivative 

1 

. 26 
104 of 1-ethoxy-'3-phospholene l-oxide In its n.m. r. spectrum, 

9. 

the ring methylene protons adjacent to -P(O)OEt group give signaIs 

as amuI tiplet, centÎ'ed at 2.6 ô. In view of ,this chemical 

shift value, it is reasonable to assip,n that a multiplet centred 

at 2.76 in the n.m.r. spectrum of l-ethoxy-3-bromo-2,3-dihvdro-

benzo[~.Jphosphol~ 1"-oxide should correspond ta the ring m2thylene 

protons adjacent to -P(O)OEt group. Thus the remaining signal 

at 5.6 ô should correspond ta the benzylic protons, attached 

to -Br. 

/ 

BDr 
1/ \ . 

o OCH 2 CH 

( 104) \. 

Furthermore, in the n.m.r. spectrum of 1-ethoxy·2,3-dihydro

benzo[2]phosphole l-oxide, t~e mult,fplets cent~d at 3.1 cS and 

2.2 ô h~e been al read! ass igne d to ben zy li c protons and ring 

methylene protons, adjacent to P{O)OEt group, respectively. 

r 
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Thus, a multiplet centred at 2.7 ~ in the n.rn.r. spectrum of 

l-ethoxy-3-bromo-2,3-d)hydrobenzo[~]phosphole l-oxide may not 

be due to the benzylic protons. A multiplet centred'at 5.6 ô 

should therefore correspond .to benzylic protons. Tt is also 

known that the benzylie protons which usually resonate-at 2.7 ô 

h 'f f'" r \. ' 94 s 1 t to a lower 1eld 4.4 u, when brom1nated • Hence, it 

is reasonable that the benzYlic protons' which resonate at 3.1 t5 

in l-ethoxy-2,3-dihydrobenzo[b]phospho1e l-oxide shift to a 

lower field 5.6 0; when brominated. In light of all these con-

siderations, it is probable that the benzy1ie position is bro-

rninated rather than the~ 2-position adjacent to -P(O)OEt group, .' , 

in the benzoyl peroxide catalysed N-bromosucciniraide bromination 

of l-ethOXY-2,3-dihYdrOben~[b]Phosph~1e 1-oxide. 

The assignment of stereochemist~J of -Br with~respect to' 

-P=O and -OEt group in l-ethoxy-3-bromo-2,3-dihydrobenzo[~]

phosphole l-oxide might be greatly facilitated by n.m.r. spec

troscopy. It can be considered that the magnitude of 3J (PCCH) 

coupling constant might depend on the orientation of the phos

phoryl group as oin the same manner a~ its dependence on phos

phorus lone pair orientation
95

• However, 3J("PCCH) value cannot 

be easily obtained sinee the benzylic prqton gives a complex 
t 

mui tip1e t. 

The mass spectrum of l-ethox~3-bromo-2,3-dihydrobenzorb]

phosphole l-oxide exhibits p(rn/
e 

274) and P+2(~/e 276) peaks 

in 1:1 intensity ratio, characteristic of a rnonobromo compound. 

The peaks at mIe i95 and 19J', arising from, the loss of -Br',. 

and HBr respectively from the molecular ion are important fragments. 
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Th~ base peak at mIe 149, may ari~e from the 105s of C
2
H

S
O 

radical from the peak at mie 194. 

a~ atm/e 167,166,165 and 102. 

i5 i11ustrated in Scheme IX. 

Scherne IX 

mie 274 
• 

l-sr. 
ptr---, ~ 

~p) 
Il \ 

o OCH 2CH 3 

inl e 195 

~ ~p) 
Il \ 
o OH 

• J 

mIe 167 

ml e 194 

• 
... "'tJml e 165 

", 

The 'Other prominent peaks \ 

The fragm~ntation pattern . 

~ ~p)J 
/1 \ 

o OH 

mIe 166 
J 

-C2HSO. !HO. -P(O)OH 

ml e 149 
\, .. 

. .. 
" 
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Ethoxybenzo[~]phosphole 1-0xide 

Dehydrobromination of l-ethoxy-3-bromo-2, 3-dihydroben zo-
-

[~]phosphole,l-oxide (100) was carried out by stirring with 

excess triethylamine in benzene. A new compound was isolated 

-~~-py preparative thin later chromatography in 45% yie~d and ît 

was identifi~d as l-ethoxybenzo[b]phosphole l-o>-1ide (101) by - ') 

its spectroscopie data. 

It was found that better yield of the product was obtained 

by using 2 to 3 molar ex~ess of the bas~. Triethylarninehydro-

bromide salt was isolated as the other product •• 

The infrared spectrum of l-ethoxybenzo[~]phosp~le l-oxide 

- -i -1 
(fig. 2) shows two sharp bands at 1601 cm and 1590 cm attri-

butable to C=C stretching, which is conjup;ated. The characte
-1 

ristic strong P=O hand is o't)sepved at 1300 cm • 

The p=o absorption bands ~of 1-ethoxybenzo[b]phosphole l-oxide 

and i ts deri vati ves should be compared wi th that of l'-e thoxy-
. 84 ,~ -1 

2-phospholene l-oxlde which is observed at 1250 cm Since 

aIl the spectra were taken in chloroforrn solution the bands 

due to P-O-C stretching were obscured by the absorption of the 

solvent. 

The u.v.- spectrum" of l-ethoxybenzo[!?]phosphole l-oxide 
- 1 

(fig. 9) shows the high intensity bands at 221 nm..gnd 227 nm. 

It also shows an additionar band centering at 312 nm as in the 
65,66 

case of l-phenylben zof b] phos pho1e l-oxide • 

The u.v. spectra of heteroindenes like benzofu,ran, benzo-

thiophene and ind::l1e show the gencral resemblance to ea~h other 
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and to the corr~sponding fused-ring hydrocarbon naphthalene. 

f ' 96', , 'ff However, the u.v. spectrum 0 1ndene 19 qU1te d1 erent from 

that of either indole or benzofuran, whic~ are similar to one 

another (Table III). 

TABLE III 

U.V. Spectral Data of Inbene and Heteroindenes 

COlTlpounds "max in n.m. log c Ref. 

Indene 220, 249, 280 3.97 , 3.97', .2.68 96 ' 

285, 290 2.38 , 2.14 

Indole 219, ?BB I.j .5 , 3.9 97 
, 

Benzoful",pff) 2 81, 244 3 • 5 , tt.O 97, 

l 

Ben zothiophene 227, 257, 288 \.45, 3.74, 3.31 97 

, 
, 

l f 
The disappearance of the fine vib1"ational structure and 

increase in intensi ty of tl1e absorption maximum (Table IV) in 
, 

the u. v. spectr}.1m of l--ethoxybenzo[b]phosphole l-oxide indicates 
J '-

that the benzene ring [)'max(log e:) at 203 '(3.87) and 256 n.m. 
r 

(2:3l)] is conjugated with n-bond~d system, tllus show,ing an 

increase in the exten't of the chromophore. It also shows the 

effect of added conjugation by absorbing at longer wavel~ngth 
) ~ 

than the monocyclic heterocycle, l-ethoxy-2-phospholene l':'ox.i.

A 84 .ue • Il 
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TABLE IV 

u.v. Spectral Data of Sorne Phosphorus Compounds 
l, 

él' 
\, ... 

1 

Compounds ).max in n.m. log E: 
\ , 

Triphenylphosphine Oxide 224,\5 ; 265.5 4.33, 3.38 
, 

Acid 265 3.08 

72 

Ref. , 

85 

86 \ Diphenylphosphinic 274, 4.12, . .., 
l-Pheny1-2,3-dihydrobenzo-

[b]phosphole 1-oxide 225, 272 65 , 66 

l-Ethoxy-2,3-dihydrobenzo-

[b]phosphole l-oxide 217, 269 3.91, 3.26 This work 

l-Phenylbenzo[~]phosphole 

l-oxide 228, 285, 313 ," ., 65, 66-." 

l-Ethoxybenzo[~]phosphole 
-. . 

i ... oxide 221, 227, 4.12, 4.09 , 
283, 312 3.07, 3.13 This wor~ , 

l-Ethoxy~2-phospholene 

1-oxide 199 3.6n 84 
, 

In the n.m.r. spect~lrn of l-ethoxybenzo[b]phosphole l~oxide 
, 

(fig. 4) the signal due to the four étrOma tic protons apped~s as 

a multiplet cen tred at 7.4 cS. The spectrum also shows 6\ lines 

centred at 6.6 <5 due to the two vinylic protons. Actual~Y e .• 
" 

lines should be observedtif it is considered as AMX syste~ 
(X=31p). Thus, it is probable that the 2 missing lines :re 

~ .. 
obstructed by the aromatic protons. This spectrum should b~ 

& 



compared with that of I-phenylbenzo[b]phosphole l_oxide65 ,66 

where the vinylic protons show similar chemical shifts and 

'/3 

multiplicities. However, in the n.m.r. spectrum of l-phenyl

benzo[~]phosphole6S,66, the vinylic protons are weIl separated 

from the aromatic protons and their splitting give 8 lines. 
~ 

The n.m. r. spectrum of l-ethoxybenzo[~]phosphole l-oxide 

also exhibi ts a 2-H quintet at 4.2 6 for the ester methylene 

protons and a 3-H triplet at 1.3 ô for the methyl protons. 

The chemical Shift~lues of l-ethoxYbenzo[b]PhOSphol~ 
l-oxide and its derivatives should be compared with those of 

2-phospholene oxides and l-phenylbenzo[b]phosphole l-oxide 
~ 

(fable V). 'i • 

TABLE '1' 

N.M.R. Spectral Data of Sorne 2-Phospholene Oxides and Benzo[b]

PhosPhole,Oxides
a 

Compounds CH 2 =CH -O-CH2 -CH 3 Ref. 

CH 3 

rj 1. 8- 3.1 5. q 7 - - 98 
, 

Il \ 
0 ?-h , of' 

j 

·0 
.. 

2.2-3.1 6.1-7.8 98 P - -
Il \ 

'" 0 CH 3 , 

_ . 



TABLE V (cont'd) 
; 

Compounds CH
2 =CH -O-C~ -CH 

3 
ReL 

d
CH3 

. . 
2.1-3.2 6.29 - - 9S 

P " 1/\ 
0 CH

3 

0 , 

1.9-2.7 6.0-7.S 4.2 1.2 SI{ , 106 
P 

Il \ 
0 OCH

2
CH

3 
" 

CO ~ P 2.1~,3.3 - - - 65,66 
1/\ 

'0 Ph 9 

Co 
~ 

- 7.4 - ... 65,66 
1/\ , ," 

0 Ph ~ 

CV 2.2,3.1 - 4.2 ],3 This worl( 
. 

1/\ 
0 OCH

2
CH

3 , 
. 

Cc1
Br , ?', . .,. 

; 

~ , p 2. 7 - 4. 3 l.~ This work 

1/\ , 

0 OCH 2 CH 3 

Go - 6.6 4.2 '1.3 This work 
~ P • 

1/ \ r' , -0 OCH 2 CH 3 -
a - Data ~iven in ô(ppm) 

.' 

.. 
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The mass spectrum of 1-ethoxybenzo[b]phospho1e l-oxide 

(fig. 6) shows a strong mo1ecu1ar- ion at mIe 194. The base 
. 

peak at mIe 166 is due to the elimination of ethy1ene from the .. . 
mo1ecu1ar ion, by the McLafferty rearrangement. The other pro-
• 

minent peaks are at mIe 165, 149 and 102. The fragmentation 
.. .' 

pattern is 'qui te simi1ar to that of i ts dihydro derivative and 

is depicted in Scheme X. 

Scheme X 

• ~ ~p.( 
09 ~OCH CH 2 3 

mIe 194 

-C2HS • 

1+ 

0cJ ~ p 
(P '0 

mIe 165 

- , 

, 
-C

2
HSO. 

\ 
J ., 

'(Jo ~ p 
Il 
0 

~ 

mIe 149 

\-

. ' 

1+ 

-( 
, 1 

) 

'" 

ml 166 e 

-PC ° )OH, 

1+ -p=o OH '> 

mIe 102 
~ 

, , 

-

, 



A • 

76 

4 

Attempted Reduction of l-Ethoxy-2 ,3-d~hydrobenzo[!?)phosphole 

l-oxide 

In view of the successful reduction of phosphinic acids 
" 

.' . 99 " and the1r estèrs by aryl s11anes ,attempt was made to reduce 

l-ethoxy-2,3-dihydrobenzo[~Jphosphole l-oxide (99) by phenyl

silane (PhSiH 3). Excess phenylsil~ne in benzene was refluxed 
, 

wi th 99 for 20 hours. Thin layer chromatography and i. r. spec-

trum of the reaction mixture, after working up, indicated that 

no new compound was formed. There was no evidence of the pre ... 

sence of the P-H stretching in the i. r. spectrum. Only starting 

material was recovered. Ei ther by extended period of refluxing 
') 

or using hiLher boiling solvent like toluene, failed to give 

a new product. 

Attempted reductions wi th other si lanes such as diphenyl-

silane (Ph 2SiH 2 ' and trichlorosilane (HSiCl 3) in either benzene 
, , 

or toluene were also unsucce\sf~l. Lithium aluminium hydride 

which was found to be an effective reducing agent for phosphinic 

acid chloride100 (Eq. 39) and phosphonate
101 

(Eq. 40) was in-

effective in this particula~ example. 

{ 

,. 
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«, 

CH3b 0' ,,-''"'1.... LiAlH 4 
CH30, 

) (39) 

~P, 1 o OCH 2 CH? C,l 
r:: H 

> (40) 

Attempted ~duction with lithium aluminium hydride in 

,anhydrous ether at ,room, tempe rature or i~ refluxed condition 
. . 

aiso met wi th failure. • Starting material was recovered -as shown 

by f.r., n.rn.r. spectra and thin layer chromatography. 
j 

It is not cleàr why l-ethoxy-2 ,3-dihydrobenzo[~]phosphole 

I-oxide resists reducticm ,tin contrast to l-ethoxy-2-phO'spholene' 
, 99 

'·.~-oxide • In view of the unsuccessfu1 reduction of l-ethoxy-
, ,. 

2 t3-d~hydrobenzo[b]phospho1e l-~ide, the reduction of l-ethoxy-
\. -

" benzo[b]phosphole l-oxide has not been attempted. ,-

The Chemistry of I-F.thoxybenz~[~]pho~pho1e 1-0xide 

The successful s~nthssis of l-ethoxybenzo[~]ph~sphole 1-
1 

oxide represents the first compound in the benzo[b]phosphole 
, ~ . -

ser~les, .where phosphorus is functionali ze.d. 
, 

" 

Q 

l l-ethoxybenzo[!!.]phosphole l-oxide was __ ~'solated as a stable 
, . '" 

liquid. l'ts ,stability sh;ul-d be contrasted to that of l-ethoxy.a. 
~ 

phosphole 1-oxide22 whj..ch dilnerized so rapidly that its isolation 
'" , " 

, . 
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was not possible. 
h 

We can conclude that in , 

78 

o 
gen~ra~, benzo[b]-

phosphole oxides are more stable than phosphole oxides. .For 
o 

ex ample it has b,een observed tha\ l-phenylbenzo[b]phosphole 
q - ( 

l 
' 65,66. , 1 

-oxl.de \ 1.8 a stable sol1.d, whereas· I-phenylphosphole 

1 'd 21,25 d' , -OX1. e lme~ zes 

stabi1ity of phosphole 

even at room temperature. Thus, the 

ring is enhanced by the mono" annulation 
~ 

(wi th a benzene ring). 

102 
There are several reports on the hydrolysis of five-

, 103 104 
membered cyclic esters such as phosphlnates t and phosto-

nate
105 

It has been observed that the f~v~-mem~er~~ost~-
~ 

nate ester 105 undergoes hydrolysis of the ester group external 

to the ring. Furthermore, the rate of'hydrolysis of simple 

CYC1iC\PhOSPhinatès 18, 106 and. 1,07 is found to'be low~~ed than 

th f h ' ] , l 103 ,104 ose 0 t e1.r acyc 1Ç ana ogs 

'the energetically unfavourable configuration of th~ trigona1-

bipyramidai phosphorane int~rm~diates, wh(ch would have the 

alk~l group placed in the api cal posi tion •. 

Westheimer2~ aiso studied the pydrolysis of tA~ dimer of 
.\ .~ 

1 

. 
1 

" 

,> 

r 1 

.; 1 
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l-ethoxyphosphole l-oxide (Eq. ~l) and its hydrogenated deriva-
4-
tive. It was obsenved that the first ester groups of both of , 
these compounds undergo hydrolysis at a faster rate than the . , 

second ester group in the same molecule~~_) Westheimer26 ,102 
-

suggested that presumably, the relief of strain in the trigona1-

bipyrarnidal intermediate invo1ving the phosphorus of the ~2t2,l] 
1 

~ 

system is sufficient to overcome the demand of having an alkyl -~ 
"\ 

group in an apical position. 'nius, hydrolysis in here is faster. }, 

\ 

HO ~o , ~ 
p 

( 41) 
> 

" 
EtO 

In this connection, it is inte~esting to mention that column 

chromatography of tne crude mixture obtained from the reaction 

_~of the diacetoxy adduct 98 with ethanalic,sodium hy~roxide afforded. 

in addition to l-ethoxy-2,3-dihydrobenzo[b]phosphole l-oxide, 
"\ ... , 

another compound, the -Spectroscopie data of which indicated 

that i t may be the rinl opened _product ~10 8. 

C-' 

. , 
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CH -CH

2
-P-OEt' 

2 1 
, OEt 

(108) 
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.. 

In view of Westheimer's work, it i8 therefore of conside-

rable interest to study on th~ hydrolysis of the benzo[b]phos-
" -

phole ~ystem. Thus, 

l-oxide was refluxed , 

1 _ 

l-ethoxy-2,3-dihydrohenzo[b]phosphole 
.1 1 -

in ethanolic sodium hydroxide solution 

for 12 l'hours. 
, 
" POlymerh:ation occurred and"thin layer chroma-

-tography revealed that 108 was not formed. The formation of 

. 
~ --

108 wou!d therefore ha~e t~ be 'derived from the diacetoxy adduct 1 

98, presumably first by a ring opening step,. follo\o1ed by aro-

matization as follows: -

"'~ P,-Y
O:i' OEt 

Ac 

'9 (98) 

.. 
Et()H 

'OAc 

-(lcOH ) ~ 

EtOH 

U.p) 
O~"OEt 

OEt 

. / 

_AcOH 
) 

, 
r .; 

" 

r 

P 
HO" '< OLt) 2 

OAc 

(108) 

1" 
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~-~ -----, 
The n.m.r. 'spectrum Qf 108 exllib'its a 5-H 

17'" 

4 Ô 

for the aromatic protons, a 4-H quintet at 4~~ & for ester methy.. 
lene protons, a 2-H multiplet at 3.1 ô for methy1ene protons, 

..... a 2-H multiplet at,2.4 ô for methy1e?e protons and a 6-H triplet 

at 1.5 ô for ester methy1 protons. The mu1tipl~t at 3.1 &.can 
• be assign~d to the benzylic protons and the mu1tip1et'at 2.4 ô 

to the methy1ene /protons ad;acent to -P(Q) (OE t);, as in the 

case of 1-ethoxy-2, 3-dihydroben zo[b ]phosphole l-oxi de .. 
, 

The mass spectrum of 108 exhibits a strong molecu1ar ion 

at mIe 242. A base peak at mIe 138 may arise from the 109s 

of PhCH= CH 2 from the mo1ecu1ar ion.' The other prominen t peaks 

are at mIe 214,213,197,/186,185,169 and 110. The frO_6men

tation pattern is shown in Seheme XI. 

Scheme xr -----, 
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'Scheme-xr- (cont' d'-c--------" 

l~ . 
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'Benzo[~]pho9phole and -Derivatives 

\ 

"-

General Synthetic Route to 2-He teroi soin dene 
.I/J 

0 
Isobenzofuran (109 ) 

107 
and isoindole (5) 108 have been known 

as transient reaction intermediates for 'a. decade, whereas iso-

thianaphthene (isobenzothiophene) (110) has proved sufficient1y 
~ 

~--, t b 1 f . 1 t' 1 09, 11 0 H th t~' . s a e or 1.S0 a 1.on • owever, e l''êcen p1.Cneer1ng 

works of Warrenerll1 , wege l12 and Bonnettl13 have' shown that 

the isolations of xsobenzofuran and isoindole are possible • 

. ' 

(109) ( 5 ) ( 110) 

Bonnett and Brown
113 

have successfully isoloated isoindole 

(5), from the pyrolysis of 2-(methoxycarbonyloxy) isoindoline 
J # 

.. (111) at 500 0 and 0.1 mm Hg pressure (Eq. lJ2)' 

H 
., 

1 
Q 

(d~~ 500 0 

CO CO ~ 1 .!O!.C-OHe ) 
, 

~ ~ -fl (It? ) 
Vapour '1 ~ 

",,' -C0 2 
-MeOH --

(Ill) " (5) 

) 

/' 
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Th 1 · h (> b h·· 114..:1. b e a ternat1ve approac es to ot 1so1ndole an~ 1S0 enzo-

furan l12 ,11S involved the Retro-Diels-Alder reactian as illus-

trated in Eqs. 43 and 44. 

Â 

v 
Reduced Pr~ssure 

) 

Cl 

• > (0 ~ ""-

(5); X=N-H 

('109); x=o 

(109) 

.."r _ 

~ 

+ CH 2 
Il 

(43) 

CH 2 

(44) 

-/ Isobenzothiophene (110) is the first compound that has been 

successfully isolated in the heteroisoindene series, by Mayer 
lOg'" -'-~" 

~ ~ and thei1:t synthetic route star~u from o-xylylene dibro-

mide (73) as shown in Eq. 45. 

Br \ 

« + \ Na2S 

• 

(JO 300 0 (0 ) ) (45) 
-2H ~ ~ 

Br 
\ 

,( 73) (110) 

,,' 
t 

\ 
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~ 
Later report by CavallO involve d the dehydra tion of 1, 3-dihy-

drobenzo[c]t hiophene 2-oxi de (112) CEq. 46 ). 

"'-
v 0 1 / -" 

(Do -H?O 
) CD (46 ) 

0 

100-125°, 20mm ~ ~ . 
(112) (110) 

116 ~ 
,. Mann et al have pI'eoared 2-phenylisoarsindoline (114) 

c 
by two methods, the best one' being the interaction of o-xylylene 

dibromide (73) and phenyldim~thylarsine to give th~qu~ternary 

bromide 113', which on thermal decomposition afforded 114 (Eq. 47). 

Br 

«, +' PhAsMe
2 

:-..... 1 
~ 

Br 

( 73) 

(X}-Ph 
( 114) 

Mènn and co_~orkers68,69 have also . ~ 
> ' 

synthe tic routes t.o 2-phenylisophQ>~phindoli 
: ~~ ; 

method has been ipeviruSly ~entioned (Eq. 2 
r 

2Br 

.' ' 

(113 ) 

(47) 

" 

igated several .. 
" 

(74).' The best 

., 

\ 
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After our work was complete, Robinson et a1 72 and Holland 

et a1 73 also reported the prepa~ation of isophosphindoline (68) 

(Scheme VI) and 1,2,3-triphenylisophosphindole 2-oxide (83) 
1 

(Eq. 30). 

Th ' 'd' 117,118 d' , f eoret1cal stu 1es pre 1cted that l.sobenzo uran 
/ 

and isoindole are much less stable than furan and indole. 1so-' 

benzofuran is ~redicted to b~void of arom~c character, 

whereas/ isoindole may be arema tic. 

Theoretical' and experimental Horks on the aforementioned 
'. 

system$ led us to expect benzo[~)phosphole (~) system to be 

extrema ly reacti \/e, if i t can indeed be synthesïzed. A cornpa-

rison between benzo[b]phosphole \o1ith its isoconjugated isoPler 
1 -

benzo[~]phosphole will be of considerable !nterest, 

Mislow has predicted 77 a substantial dccreas~ in barrier 

height to the pyramidal inversion of phosphoru$.(6.9 k cal/mole) 
l 

,in I-methylisophosphindole, relative to a model compound Hhich 

has a value of 16.7 k cal/mole, based on a semiempirïcal calcu-
\ 

/ 
lation. He further prediq-{ed that delocalization will be favoul'-

able in the transi tion state to inversion, since the benzenoid 

character for the carbocyclic portion of the bicyclic structur'c 

is increased. If th is prediction were tru~, the isophosphindoJe 
1 

system would h'ave the lowest barrj er to inversion. 1t is the 

aim of this research project to make investigatjon on the synthesis 

and chemistry of benzo[~]phosphole system and. i ts c;1erivatives. 

\''''''" 
,--1{" . 

" ,. 
\ ~ 1~ 

• 

, . 
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lsophosphindoline Oxide and Isophosphindoline 

Attempted Diels-Aldef Reaction qf I-Methyl-3-phospholene 1-0xide 

wi th various dianes 
.:: 
ï 

The construction of the benzene ring by the ,method of Hill 
67 and Carlson appears to be a convenient route for the synthesis 

l ' 
of benzo[~]phosphole syst~m. 

OAc l 
[) ~O + 1 P, 

R 

.. 
oAc 

(64) (115 ) 

Aroma ti zat i on 
) 

Di~ ls-Al de r 
) 

R~action 

OAc 

Q:l~o' , '" 
R 

OAc 

, 
" 

The most appropriate dienophile was chosen to be I-methyl-

3-phospholene l-oxide, which could be easily prepared by the 

1 

- 95 
method of Quin and co-workers • A mixture of equal mo1ar quan-

ti ties of E ,E-l ,1J-diacetoxybutadiene 6 7 (64) and I-methyl-3-phos

pholene l-oxide (115, R::: CH 3) was heated in a sealed tube at 

" 

, 
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125 0 for 7 to 14 days. Thin layer chromatography and i.r. spec

trum revealed that no reaction tOOK place. It is nat surprising 

that 3-phospholene oxide, in contrast ta the 2-phospholene isomer 

daes not undergo Diels-Alder reaction. It is known that the 

electron-wi th'd.rawing phosphoryl group on conjugation wi th die-

nophile facilitates the reaction. 

The Diels-\lder reaction of 115 (R = CH
3

) with other dienes 
\.....-

such as 1,3-butadiene~ isoprene and 1-acetoxybutadiene92 also 

failed. / 

l . f f . 119 h tA n Vleu 0 the report 0 Zlmmermann W 0 useu (J-pyrone as 

the diene in the Diels-Alder reaction, a-pyrone-5-carboxylic 

acid (116) with the 3-phospholene oxide 115 (R = CH 3) might 
\ 

offer a method for the construction of benzene ring. 

/ 

. ,.--

qo O~o Die l'3-Ald~r qD~O + 
~ ° ) 

'R 'R React:i on -,. 
C0 2H C0 2H 

0 
Il 

(116) (115 ) X -= -c-o 

Â Aromati zation 
') ) 

However, even at 130 0 , 116 and 115 failed ta give an.y of: thF..; 

, 
\ 1> ~ 
~'I , ,t 
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adduct. 

An altèrnative approach may involve the construct~on of the . , 

heterocyclic ring through ring closure, starting from mono or 

disubstituted benzene. The disubstituted benzene can be con-

o lb' d f h MO h l' A . 120 f ven1ent y 0 ta1ne rom t e 1C ae 1S - rbuzov react10n 0 

o-xyly;l.ene dibromid~ and th~ aporopriate phosnhorus ester. 

Ethyl(2'-bromomethyl-benzyl)pheny1phosphinate 

Michaelis - Arbuzov121 ,122 reaction is one of the most ver

sdtile methods for the formation of carbon-phosphcrus bonds, 
! 

involving the reaction of an a1kyl halide with an ester of tri-

valent phospho'rus. This reaction has been pos tulated to pro~eed 

via an ionic phosphonium intermediate, which then decomposes 

by the expansl.~f--phosphorus valemcy. The overall process 

can be depicted as fOllO~~ 
( 

,A 
'P-O-R + R'-X 

A" [

A, + ..... O-R 
~ ..... p""-, 

B ~R' 
+ R-X 

A, B = alkoxy, aryloxy, aF)' l, Ûiiikyl 

R, R' = alkyl 

The competition between the reactant alkyl halide and the 
~ ,,\ 

by-product halide can generally be minimized by the removal of 

1 

the latter, during the course of the reaction. The normal reac-
-

tivi ty sequence is acyl> primary alkyl) secondary alkyl and 

iodide>, bromide) ch lori de • 
1 
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Ethy1(2'-bromomethy1-benzyl)phenylphosphinate (118) was 

prepared by the Michaelis - Arbuzov reaction of eq~al molar 

quantities of o-xylylene àibromidé (73) and cliethyl phenyl-

90 

phosphonite (117) at 90° for 2 hours: Ethyl bromide was 
1 

distilled off during the course of the reaction. Co1umn chro-

matography of the re'action mixture on silica gel, eluting wi th 

ethy1 acetate furnished 45% yield of the product as white crys-

taIs. It was identified as ethyl(2'-bromomethYl .. ben~~ 
phosphinate (118) (Eq. 48) by its spe~troscopic vroperties and 

1 

elemental ana1ysis~O 

Br 0 

« 
1 ~II .. /)Et 

+ PhP( ot t) 2 ~ 
r 1 P 

~ . ~ 'Ph 

Br Br 

(73 ) ( 117) ( 118) 

0 

) 
Il 

90° OCP
-

Ph ) 
~ 6 (48) 

(ll~ 
~'" 

~ 

~ 

Under higher temperature, 118 unde~ent intramo1ecu1ar cy-
r 

olization to give the cyc1ic phosphinate ester 2-phenyl-3-oxa-

1,2,3,4-tet~ahydroisophosphinoline 2-oxide (119). This kind 
o 
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o~ cyclization has been previously reported " • 
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. 
The infrared spectrum of ethylC2'-bromomethyl-benzyl)ohenyl-

~ -1 .• . 
phosphinate (118) exhibits a strong band at.1220 cm ,attr1-. . . 

""1~ -1 
butable to P = 0 absorption, and a broad band at 1040 cm and 

\ -1 
medium intensity band at 1160 cm associated with P-O-C2HS 

1 

,absorption. It also shows the st~ong pheny1 bands at l4~D cm- l 

"" 

and 700 - 800 cm- 1 • 

The proton n.m.r. Cp.m.r.) spectrum of ethyl(2'-bromomethyl~ 

benzyl)phenylphosphinate consists of a 9~H multiplet at 7.4 6 
/ 

for tbe aromatic protons, a ~-H singlet at 4.5 ô for the benzylic 

protons attached to -Br, a 2-H quintet at 3.8 ô for the ester 

methylene protons, a 2-H two overlapped doublets CJp _
CH 

= 20 Hz, 

18 Hz) at 3.3 - 3.7 ô for the nonequivalent benzylic protons 

adjacent to the P = -0 group and a 3-H triplet at l~2 ô for the 

ester me thyl protons. Q " 
The mass spectr_um of 118 shows the P (mIe 352) qnd P-t2 Cml e 

peaks in 1:1 intens1 tl ra,ti<?, 
• ! 

is indicative of a monobromo Wh1Ch . 
compound. It a±so exhibits an intensi~e (P-B~)peak at mie 273, 

which further eliminates ethylene mo1ecu1e to 'give ri~to the 

peak at mIe 245. Further 10ss of the-PhP0 2H group provides t~e 

base peak, at mIe lb4. The' fragmentation pattern is il1ustrated 

id Scheme XII. 

Il ._ 

f, 

, ' 
li 

354) 

, , 

• / 
, , 

l 

.. 
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The cyclic phosphinat~ ester 119 has a simpl~ n.~. r. 'spectrum 

• featuring a 9-H mu~tip1et_at 7.0 - 7.8 6 for the aromatic protons, 

a 2-H doublet at 5.3 15 for the me-thylene protons adjacent to 

oxygen (JtOCH'.:: 16 Hz) and a 2-H qoub1et at 3.3 cS for the -mêthy-

lene protons adjacent to P :: o (Jp_
CH 

= 18 Hz). 

l 
Reaction of Ethyl(2'-bromomethy1-bffirrZyl)phenylphosphinate with 

Vi tride Reaeent 

" '---.. -- / 
A useful and genera~ rnethod for th~ formation of the carbon-

·phosphorus bonds has recently been disc~vered by Wetze1 and 

Kenyon 125 • This method involves the -l'e~ction of phosphorlJs 

ester such étt;_ phosphonate, phosphinate or phosphate wi th an 

ëjlkyl ha1i~e:' in the presence of sodium bis(2-methoxyethoxy) 

aluminium hydride 126 (commercia11y known as Vitride or Red-Al; 
. -

for ~imp1icity the former term will be used throughout this 

·thesis) (Eq. 49). 

(49 ) 
. nR X 

, RI ~ ~lky1, aryl, 

R = prima~ or sedondary alky1. 

It'is suggestéd th~t the reaction proceeds via an interme-. 
diate sodium sal,t of phosphorus anion 120, which is derived from 

the action of hydride on the phosphorus ester. The anion 120 

is a1ky1ated by tnè a1ky1 ha1ide in a nuc1eophi1ic supstitution, 
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furnishing the phOSPhi~ oxide and sodium halide (Eq. 50). 

/ 
o l .. 
Il 'H 

----~) R2PH ---+ 
o (50) 

l t is expected that the above P-C bond formation reaction 

might probab1y offer a straightfo~~ard method for the cycliza-

'r 

tion of ethyl(2~-bromomethyl-benzy1)pheny1phosphinate to the 

isophosphindo1ine system. Thus 118 was treated with an exceS3 of 
1 

Vi tri de reagen't in ref1uxing benzene for 48 hrs. After working 

up, the resqlting reaction mixture was chromatographed on silica 
" 

.~ 

gel, e1uting with ethyl acetate to give 13% yie1d of a product, 

which was identified ~s 2-pheny1isophosphindo1ine 2-oxide (121) 

(Eq. 51) by its spectroscopie properties and elemental analysis. 

Br 

-, 
! 

l' 

( 118) 

/' 

~~o «(51) 
~'Ph 1 

( 121) 

2-Phenylisophosphindo1ine 2-oxide (121) (fig. 19) has a 

simple infrared spectrum consisting of a strong characteristic 

p=o st,retching at 1210 cm-1 and strong phenyl bands at IlJlJO cm- 1 
1 

-1 -1 -1 1100 cm and 700 - 800 cm • The band at 1100 cm is probably 
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associated with aromatic vibration invo1ving so~ P.~stretching127. 

The 100 MHz proton n.m.r. spectrum of 2-phenylisophosphin

doline 2-oxide (121) (fig. 24) revealed that the methylene protons 

are nonequiva1ent and could be considered as part of an ABX 

(X = 31p ) system, with the fol1owing spectral parameters, 

J AB = 17, JAX = 16, J BX = 9 Hz, ôA = 3.51 and ôB = 3.35 ppm. 

The aromatic prot~ns appear at 7.5 - B.O 6 as 5-H multiplet, 

which rnay be probably due to the P-phenyl protons and at 7.4 ~ 

as a 4-H sing1et, attributable to the proton!; of the fused ben-

zene ring. In the n.ID.r. spectruID of o-xylylene diorornide, a 

4-H singlet is also observed for the aromatic protons. 

The mass spectrum of 2-phenylisophosphindo1ine 2-oxide (121) 

(fig. 29) is very simple. A strong molecular ion appears at 

mIe 228. The other prominent peak at ml 104 may arise from the e..., 

105s of PhPO moiety from the mo1ecu1ar io~, a process which 

128 129 finds parallel in the corresponding heterocyc1es ' .' Loss 

of -li radical from this peak provide5 the pêaJc--at m) e 103. l'he 

other peaJcs are very weak. The fragmentation pattern is as 

fo11ows: - ~ 
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1.+ , 
-,-~> (P + rPhP=oJ 

) 

.. 
mIe 101 

• The U.v. spectrum of 2-ph~ny1isophosphinctoline 2-oxide '(121) 

(fig. 34) shows a high intensity primary band at 222 nm and a 

low intensity secondary band featuring vibrationa1 fine struc-

ture with a maximum at 266 nm. The spectrum bears resemb1ance 
\ 85 65 66 

ta thase of tripheny1phosphine oxide l' 1-pheny1- ' and 1-

ethoxy-2,3-dihydrobenzo[b]phosphole l-oxides. Similar assignment 

can be made 'as in the benzo[b]phosphole oxides. The high inten--
sity band at 222 nm (log E 3.66) is assigned ta correspond to -. 
the primary E band of benzene at 203 nm, disp1aced by substitution. 

The low intensity band at 266 nm (log E 2.81) may correspond 
f 

ta the B band of benzene at 256 nm. Since increasing a1ky1 subs-

titution causes displacement of the B band of benzene, the shift 

of 256 nm band of benzene ta tha longer wavelength 266 nm is 

associated wi th -the alkyl 'substi tutions of the benzene î'ing., 

"Th-,is absorption should be compared wi th those\ of indane13
(1 ().max 

213 nm, log t 3.20) and o_xY1ene 130 (Amax 262 nm, log E 2.48). 
1 
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ln view of. the gcneral similari ty of the spectrum -to that of 

triphenYlphosphine oxide 85 and the ~sence of the fine struc

ture, the conclusion may be drawn that 2-pheny1isophosphindoline 
ll-

2-oxide"has unperturbcd or weakly perturbed benzene rings. 

, 
Diethyl phenylphosphonate 

The successful synthesis of 2-phenylisophosphindoline 2-

oxide'-led us to attempt an alternative one-step synthesis by 
r 

treating o-xylylene dibromide wi th diethyl phenylphosphonate 
l " 

in toe presence of Vi tride reagent. 
"> 

Die thy1 pheny1phosphonate was prepared by the s1igh tly mo-

• • .J. f . 131 f . . d1f1ed metAod 0 S1dda11 et al rom pheny1phosphon1c d1Chl~ 

~ide (122) and exccss absolute ethanol, in the presence of ,trf'e-
thylamine (Eq. 52). Distillation of the crude mixture, after 

1 

_,' working up, gave 68% yie Id of die thyl phenylphosphonate' (123) 

• 
as colour1ess liquide 

o 
Il 

PhPC12 + 2 EtOn ) (52) 

(122) (123) 

2-Phenyl~phosphindo~ine 2-0xide 

2-Phenylisophosphindoline 2-oxide (121) was prepared from 

o-xylylene dibroVlidc_ (73) and diethyl phenylphosphonate (123) 

in the presence of excess VitI'ide reagent (Eq. 53,). The reaction 

was carried out in dry benzene at 70° for 48 hrs.. On workinr; 
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up, the crude pt"'oduct (55%) showed n.m.r. spectrum identical 

to the expected 2-phenylisophosphindo1ine 2-oxide. Column ---#1 ' .. 
. cht\omatography of th'e crude mixture on silica gel, eluting with 

_~~---_---I-<"" 

ethy-l acetate afforded (15% - 20%) o~,-pure 2-phenylisophosphin-

doline 2-oxide, the spectroscopie properties of which were iden

tical in aIl respects with the compound obtained in the previous 

experiment. 

/ ' /'> 

Ar 0 
Il 

+ PhP( OEt) 2 .. 
t-. , , 

Br :..' - .. 

(73 ) (123) ( 121) 

Attempts to improve the yie1d of the prôduct by decreasing 

or increasing the reaction time or temperature were unsuccessfu1. 

Al though the yield is on1y moderate, this method offers a 
, 

convenient one-step synthesis of '2-phenylisophosphindoline 2-

oxide and is preferable to the rather long pathways that have 

8 10 
been reported ' 

Reaction of Cthyl(2'-bromomethyl-henzyl)phenylphosphinate with 

Tri ch loros i lanp. 

An alternative approach for the cyclization reaction is to 
.. 

reduce the phosphonate or phosphinate ester to the corresponding r-.j 
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phosphine, which may' ,then undergo intramo1ecular Michaelis- r , 
Arbuzov r~actj.on to produce the desired compound (Eq. 54). 

o 

(Ç'
1I/ 0R 

~ p 
1 ..... R' 

~ . > 0:; 
/OR 

1 P, 
~ R' 

. . 

il 

Reduction 

Br Br 

1 .. 

In tramolp. cu la r . 
) (54) 

~chae lis-Arbuzov 

, 
R' = alky1, ary1, alkoxy'(OR) 

• J' 

1 • 

Silanes appear to be the suitab1e reducing agents for this 

purpose. Intrarnolecular Micha~lis-Arbuzov reaction is quite 

. .. f . h" b . d d 13 2" probable, Sl.nce thl.s kl.nd 0 reactloll' as een emonstrate, ( 

(Eq. 55). 
''--

A' J ,'1 
.~,. --# 

) 
(55 ) 

1 ... 
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EthylC2' -bromomethyl-benzyl)phenylphosphinate (18) t-las 

treated with \qo molar excess of trichlorosilane in refluxing 

ttlenzene, under ni trogen for 48 hours. - The reaction after hydro-

lysis and removal of solvent gave on preparative thin layer 

chromatography, l2t yield of 2-phenylisophosphindoline 2-oxide 
-1 

(Eq. 56). 

o 

1 P, OÇ'''/Ph 

~ OEt 

Br 

( 118) 

) ~n~O 
~'Ph 

, 
( 121) 

Br 

~ 
(56) 

The isolation of 121 indicates that in this~reaction, the 

P=O bond was reduced99 first to give the correspondin·g phosphi

nite ester 12~, which then unde~~amolecular Michaeli~, -
, ---...... 

Arbuzov reaction to form the product (Eq. 56). 

Reduction of 2-Pheny1~phosphindoline 2-0xide wi th Trichloro-
, 

silane and Quaternization with Methyl Ibdide 

2-Phenylisophosphindoline 2-oxide was treated wi th two molar 

excess of trichlorosi lane in refluxing benzene, under ni trogen, 

for 48 hours. To the reaction mixture, 30% NaOH solution was 

added to hy,drolyse the silane. Without isolation of the iso-
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phosphindo1ine, methy1 iodide was' added an/t the reaction mixture 

was kept sti rring overnight. 2 -He thy 1-2 -phenvl is oph;~phi~rlolinium 
l ' ~, 

~>' 

iodide (125) (Eq. 57) was obtained in 25\ yie1d as white sô1id. 
" 

m. p • 20 5 - 20 7 0 (Li t. 6 8 m. p • 20 7 - 20 9 0 ) • .. 
'rt' . ) " J 

\) 

~ œp.,pO 1) HSiC1 3 . œ+/Ph 
) 1 p l (57) . 

~ "Ph 2) CH 3I ~ "CH 
3 

(121) (125) 

\ 
The infrared spectrum of 125 shows strong pheny1 bands at 

, 
-1 -1 -1 1440 cm , 1120 cm and 700 - 800 cm • A sharp medium band 

-1 133 
at 1320 cm is attributab1e to P-CH 3 stretchin~ 

Dia1ky1( 2' -bromome thy1 )benzy1phosphona tes and the i r Chemical 

Transformation:; 

Fo11owing the successful synthesis of 2-pheny1isophosphin

doline 2-oxide by the above methods, it seems reasonable to 

expect that isophosphindoline systems with functiona1 groups 

attached to phqsphorus can be similarly prepared. We therefore 

.---exp1ored the chemistry of dialky1(2'-bromolnethy1)benzy1pho~pho

nates and found t<;> our surprise rather different resu1 ts. 

\ 

l ' 

, .. 
• 

.,1 • 
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Dieth l( 2 t -bromometh honate 

By heating a mixture of equal malar quantities of o-xylylene 

dibromide (73) and freshly distilled trieth~ phosphi te (126) 
, .... )-

at 90 0 for 9 hours, 50% yield of diethy1(2t-bromomethyl)benzyl~~ 

phosphonate (127) was obtained after separation by calumn c~ro

matography on silica gel, eluting with ethyl acetate. A low 

boiling liquid ethyl bromide was distill,ed off, duril1g the, ,course 
• > , 

of the reaction. Die thyl( 2 t -bromomethyl )benzy1ph?sphonate ~.w,a.s 

identified by its spect;oscopic properties and e1emental ana1ysis. 

Under higher reaction tempe rature , the product underwent 

intramolecJlar cyclisation, to yield the cyc1ic phosphonate 
, / 

ester 2-ethoxy-3-oxa-1,2,3,4-tetrahydroisophosphinoline 2-oxide 

(128) 

) 

(Eq. 
1 
1 

l, 

(73 ) 

9'0 0 

58). 

r 

+ 

Br 

)' 

/'-

P(OEt)3 '> 
. ?r l 
~P-(OEt)2 

9 hrs. 

" Br 

(126 ) (127) 
., 

0 

~ 1 r-OEt (XII 
~ 0 (58) 

(128) 

f~~ 

'. \ 
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The infrared spectrum of diethyl(2'-bromomethy1)benzy1phos

phonate (127) features a strong band at 1250 cm-l, characteristic 

-1 of the p=o absorption, a broad band at.1020 cm and a medium 

intensity barid at 1160 cm- 1 associated with P-O-C H absorption. 2 5 

The n.m.r. spectrum of diethy1(2'-bromomethyl)benzy~hos-

'-'~~honate consists of a 4-H multiplet at 7.5 <S for the',aromatic 

protons, a 2-H singlet at 4.9 ô for the benzylic protons adjacent 

to -Br, a 4-H quinte t a t 4.3 ô for the es ter me thylen~ protons, 

a 2-H doublet (,Jp_
CH 

= 24 Hz) at 3.5 ô for the benzylic protons 

adjacent to P=O, and a 6-H triplet at 1.4 ô for the ester methyl 

protons. 

The rnass spectrurn of 127 exhjbits P(m/e 320) and P+2(m/ e 322) 
, 

peaks in 1:1 intensity ratid. An important fragment is (P-Br.> 

ion at ml e 21~1. The base peak is at mIe 185, which may arise 

from the successive loss of two ethylene molecules by McLafferty 

rearrangement from the (P-Br~~ ion. The fragmentation pattern 

is shown in Scheme XIII. 
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. 1 
A peak at mIe 212 may be f6rmed by the 10ss of C2HSBr from 

r 

the m01ecu1ar ion. ". The peak at mIe' 212 furthey.,'1oses C2 HS ra-

dic~l to give the peak at mIe 183. The e1imination of -P(Q) 

COH)2 from the base peak, at mIe 185 provides the, peak at mIe 104. 

The peak associated with the 10ss of ethylene molecu1e from 

the CP-Br.) ion is' a1so observed in ana10gy to the other compounds 

containing the -P(O)OEt moi~ty e.g. Scheme IX. 

The n.m.r. spectrum of the cyc1ic phosphonate ester 128 

exhibits a Il-H multiplet at 7.5 ô for the aromatic protons, a 

2-H doublet (JpOCH = 16 Hz) at 5.5 ô for the met'hy1ene protons 

adjacent to oxygen, a 2-H quintet at
l
4.4 ô for the ester methy-

1ene protons, a 2-H doublet (Jp _ CH = 20 Hz) at 3.3 ô for the 

methy1ene protons adja'cent to P=O group and a. trjplet at 

1.4 ô for the ester metW~1 protons. 

• At tempted eyc1i zation of Diethyl( 2' -bromomethyl>benzylphospho-

nate with Magnesium and Lithium 

134 ~ 
In view of the report by Howard who achieved the ring 

f. 1 

closure of the phosphonate ester by Grlgnard reaction (Eq. 5~), . . 

it is felt that the Gri~nard reagent of dia1ky1(2'-bromomethyl)

benzylphosphonate might cyclize to give is\:>phosphindo1ine. 

aniso1e, 135 0 

\ . 

p 

" 
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Thus, the Grignard reagent was prepared.:from diethy1( 2'

bromomethyl)benzylphosphonate (127) and excess magnesiu~ powder 

in refluxing benzcne for 2lt hours. i' Aft'er hydro1~sis, the reaction 
, u 

o 

mixture, on sêparation by_preparati~e th~n layer chromatography, 

afforded t'Wo products. Th'ey were identi fied by mass, n. m. r. 
/ 

_ and io.r. spectra ·as~ d1.ethyl{2'-methyUbenzylphosphonate 130' 

J and 1,2-di[O-{dieJY;PhO~Phonato-~ethYI;~h/enYl]ethane 1.31 (Eq. SOl. 

J 

. . 

o • ) 

Br 

(127) 

Hydrolysis ., 

(130) 

MgBr 

(129) 

( 131) 

" 

) 

6 
11 
P-{0Et)2 

(6fJ) 

The n.m.r, spectrum of 130 ~xhibits a 4-H multiplet at 1.lt ~ 
ï 

f9r the aromàtic protons, a"lt-H quintet at 4.~ ~ for the ester 

Methylene protons~ a 2-H doublet at 3.3 ô for' the benzylic pro-

tons; Jp_CH = 22 Hz) '1 a 3-H single t at 

protons and a 6-H triplet at 1.3 ô for 

2.5 Ô( for the methy1 

ester mèthyl protons •• 
/ 

~ 
\ 

-

.1 
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The mass spectrum of 130 shows a st~ong molecular ion at 

mIe 2lt2. 

the peaks 

t -
Loss of methyl ra~l and ethylene molecule provide 

at mIe 227 and 214 respe.,ctive1y. The peak at mIe 214 
1 ~ ... • 

again loses ethylene molecu1e to g1ve the peak at mIe 186, which 

further eliminates~P(O)(OH)2 moiety to provide the base peak 
! 

at mIe 105. The ffagmen~ation pattern is il1ustrated in Scheme XIV. 
~ " 

Schem~ XIV 
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Scheme XIV (cont'd) 

o 1 

CC
II/OH ,.., P 

~ 'OH 
CH 3 

ml e 186 
~ 1 

'" -P(O)(OH'2 ' \ .+ 
((

CH 2 
~l 

, CH 
, 3 

ml e 10 'l ml e 105 

The n.m.r. spectrum of 131 features a 8-H multiplet at 7.4' ~ 

for the aromatic protons, a 8-H quintet at 4.1 6 for the ester 
1 

methylene protons, a 4-H doublet at 3.2 ô for the benzylic pro-

to;s adjacebt to P=O,(Jp_CH = 24 Hz), a 4-H singlet at 3.1 ô 

~ 
for the benzylic protons and a 12-H triplet at l.2 ô for Ihe 

ester methy1 protons. 

The mass spectrum of 131 consists of a base p~ak at mIe 482 

(M+). The (M+-241) peak at mIe 241 loses ethy1ene mo1ecu1e to 

give the peak at ml 213. This peak again loses ethy1ene mole-
e 

cule and ethy1 radical to·provide the peaks at mie 185 and 184 

respective1y. The other peal<s are at mIe 168, lOS Çlnd 104. 

The fragmentations invo1ved aré depicted in Scheme xv. 

( 



Scheme XV 
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It seemed that the Grignard reagent 129 was apparently ge-

nerated. However, i t failed to undergo intramolecular nucleo

philif displacement reaction to furnish the exP\cted isophos-
,1 

1 
phindoline oxide. 

It is genera11y accepted that organo-1ithium~~ompounds are 

more reacti~ as n~leophiles than the corresponding magnesium 

Grignàrd reagents. Therefore, the ,lithium reagent was preoared 

from die thyl( 2' -bromomethy1 )benzy 1phosphonate and excess li thium 

powder. Even in this case, the int~mo1ecular cyc1ization failed 

to occur. The reaction mixture on working up, gave the same 

products 130 and 131. 

The occurrence of the coup1ing product 131 is not unexpected. 
l ' 

It is generally knov1n that coupling reaction takes place readi1y 

between the Grignard rcagent and active halides. 

~ 

Diiso?ropyl(2i-bro~omethyl)benhylphosphonate 

Di:l.sopropyH 2' -bromomethyl)benzylphosphonate was prepared 
! 

by thd t1ichaelis - Arbuzov reaction Qf o-x,Ylylene dibromide 

(73) and freshly distilled triisopropyl phosphite (132) at 130 0 

for 2 hours. nuring the course of the re~ction, a low-boiling 

1iquid isopropyl brcmide was distilled off. Column chromato

graphyof the reaction mixture on silica gel, eluting with ethyl 
1 

acetate, afforded 40% yield of a product, the spectroscopic 

properties of which, were in accord \'1Î th the 5 tructure of di-

isopropyl(2'-bromomethyl)benzylphosphonate (133) (Eq. 61). In 
~ 

analogy to the diethyl ester, 'it also transformed to a cyclic 



p~osphonate ester 134 at higher temperature.(Eq. 61). 

i 
P(~ Pr)3 

(132 ) 

Br 

( 7:3) o 

> 13')0 
> 

" . œa-I)lpr 
(134) 

- , 

o " . ~p-(olpr)2 

Br 

(133) 

111 

( 61) 

The infrared spectrum of diisopropyl( 2' -bromomethyl)henzy1-

phosphonatp. (133) featurcs a characteristic strong P=O stretching 

-1 -1 ~ 
at 1260 \.h , a broad band at 1020 cm and a medium intensi ty 

b d 1 -1 . an at l 50 cm ,attrlbutab1e to P-O-C absorption. Tt also 

exhibits a strong doublet at 1390 cm- 1 and 1395 cm-1 which is 

indicative of the isopropyl group. 

The n.m.r. spectrum of 133 shows a ~-H multiplet at 7.4 cS 

for the aromatic protons, a 2-H sing1et at 4.9 ô for the ben

zy1ic protons adjacent to -Br, a 2-H multiplet centred at 4.7 6 

for the isop roPY1 methine protons and a 2-H doublet (Jp_ CH = 24 Hz) 

corresponds to the benzylic protons adjacent to p=o group., In 

addi tion, a 12-H two doublets appear at 1.1 - 1. 4 cS for the non-

equiva1ent two methy1 groups of isopropyl moiety. This kind of 

nesonance doubling has been observed by Siddall et al
131

• 
, --

The mass spectrum of 133 exhibits P(m/e 348) and P+2(m/e 350) 

peaks in 1:1 intensity ratio.< It also shows a (P-Br.) peak at ,.. 
1 

mIe 269. Lo~s of CH 3CH = CH 2 (mIe 42) molecule by McLafferty 

~ 
rearrangement from,the molecular ion provides the peaks at mIe 306 
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and 308 in 1:1 intensity ratio. Further 105s of CH 3CH = CH
2 

gives rise to the peaks at mIe 261+ and 266 in 1: 1 inten5i ty 

ratio. The base peak is at mIe 185, arising from the 10ss of 

-Br radical from the (P-42-42) peak. A1terna,tive"ly, the base 

peak may he derived from the successive 10ss of two mo1ecu1es 

of CH 3CH • CH 2 hy McLafferty rearrangement from the (P-Br.) 

peak. Loss of -OH radical from the (P-1+~-42) peak gives rise 
-:J 

1 7 . 11' . tJ~. Th to the peaks at m e 24 and 249 ln : lntenslty ratlo. e 

fragmentation pattern iG illustrated in Scheme XVI. 

Schem~ XVI 
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Scheme XVI (cont'd) 
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Other peaks in the mass spectrum of 133 may be accounted 
~ 

for by.the fo11owing fragmèntation. 

0 I! 0 l~ Il 
~ "/ OH , -C3H7Br 

ocr-OH ~P"""\OCH(C1l3)2 ) ~ 6 
Br 

mIe 306 ml e 184 

l-HO. 

0 ,+ 
Il 

(Ci 
~ 0 

~ 

mIe 167 

\ 

• 

ca 

1+ 
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o 
Il ro 
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o 

mie 120 

The n.m.r. spectrum of the cyclic phosphonate ester 134 

shows a 4-H multiplet at 7.4 6 for the aromatic protons, a 2-H 
/ 

doublet (JpOCH = 16 Hz) at 5,. fi' ô for the methylene protons ad-

jacent to oxygen, a I-H ~tiplet at 4.8 0 fo~ the isopropyl 

methine Droton, a 2-H doublet ~Jp_CH = 20 Hz) at 3.3 6 for the 

~ethylene protons adjacent to P=O group and a 6-H doublet at 

1.4 ô for the methyl protons. 
\, 

Reaction of Dialky 1 (2 t -bromome thyl)ben zy Iphosphonate wi th Vi-, 

tride Reagen t 
z 

, Di<isOfr.dpyl( 2' -bromomethyl )ben zylphosphonate (133) was treated 

with excess Vitride reagent in dry diglyme, under nitrogen at 

135' for ~8 hours. The resulting mixture, after working up, was 

separated by preparatiye thin layer chromatography to give 54% 

yie1d of a new compoun~. It was assigned to the structure 135 

(b) (Eq. 62) on t~e basis of its spectroscopie data. 

\ 
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1 
Sirnilar1y the reaction of diethy1(2'-bromomethyl)benzyl-

phosphona~e (127) with excess Vitri,e reagent in dry diglyme 

at 135 0 for 24 hours, afforded 40% yie1d of a new compound, 

the spectroscopic'properties of which were consistent with the 

structure 135 Ca) (Eq. 62). 

Br 

~ 
(127) ; R = ~2Hs 
(133) ; R = 

l 
C3H7 

,\ . 

o 
RO, Il 

....... p 
RO 

'; 

135 ( a) ; . R 
r 

(b); R 

= C211s 
i 

= C3H7 

The infrared spectrum of 3"'Xdiisopropy1phosphonato]-7,8-
"\. 

~ , 

dihydro-1,2,S,6-dibenzocyc1ooctat~traene (135 b~ (fie. 10) fea
\ 

tures a strong band at 1240 cm- 1 attributab1ft to p=o absorption 

(62) 

-1 . and a broad band at 1000 cm ,assoclated with P-O-C absorption. 

-1 The characteristic isopropy1 sp1itting is observed at 1375 cm 

~ d. 13 85 cm -1 • 

The diethy1 ana10g 135 Ca) has a simi1ar infrared spectrum 

(fig. Il), fcaturing a strone characteristic P=O stretchinR 

band at 1230 cm- 1 and a broad P-O-C stretching band at 1100 
o 

-1 cm 

The conspicuous feature of the n.m.r. spectrum of (135 b) 
"" 

(fig. 13) inc1udes a l~H doublet (JpC=CH = 24 Hz) centred at 
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8.0 ~ for the ~inylic proton, a 8-H multiplet at 7.2 ~ fo~the 

aromatic protons, a 2-H multiplet at 4. 8 ~ for the isopropyl 

methine protons, a 4-H singlet at 3.2 t5 for the benzylic proton"s ....... 
and a 12-H overlapped doublet at 1.3 6 for the nonequiva1ent 

two me thy 1 groups of isopropy.l moie ty. The trans -I>C= CH and 

cis ~PC=CH coupling constants for tetra-coordinated phosphorus 

135 derivatives of ethylene have been repo!'ted as (.28 - 51 Hz) 

and (10 - 20 Hz) respectively. Thus PC=CH coupling constant , 

found in 135 (b) is more consistent with a cis st'r'ucture. 

The n.m.!'. spectrum of 3-[diethylphospponato]-7,8-dihydro-

1,2,5,6-dibenzocyc1ooctatetraene (135 a) (fig. 14) is similar 

to the diisopropyl analog. It shows a I-H doublet (JpC : CH = 24 Hz) 

centred at 8.0 <5 for the vinylip proton, a 8-H multiplet at 
, . 

7.3 6 for the aromatic protons, a 4-H quintet at 4.3 t5 for the 

ester ~ethylene protons, a 4-H sing1et for the benzylic protons 

and a 6-H triplet for the methy1 protons of the ethyl group. 

The J pC= CH\ values of dialkylphosphonatodihydrodiben t'ocyclo

octatetraene (135) should be compared with those of vinylphos-
01\., 

phonie acids and ester (Table VI). 
10 

--

J 

, 

\ 
\ 
.{ .,. 
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T4BLE VI 

NMR Spectral Parameters of Vinylphosphonic Acids 

~ and Esters 

< 

Compounds JpC=CH 
. Hz . Ref. l.n , 

~ ,. 

H fi 
\ / 

C=C 24 (cis) , 50 (trans) 136 
/ \ 

H P(O)(OC 2H
S

)2 

" 

Ph CH 3 
.. 

\ 1 
\=C 20 (cis) 137 

/ \ 
PO 2- H 

3 

... . 
Ph H " 

\ / 
C=C 1 38 (trans) 137 

2- / \ 
P03 CH 3 

Ph H 
\ / 

1 C=C 22 (cis), &J5 (trans) 137 
2- / \ 

P03 H 

1 

""" . 



TABLE VI (cont'd) 

Compounds JpC=CH in Hz 

19 (cis) 

" tr 

24 
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--- Re f • 

137 

\ 
This work ~ 

The mass spectrum of 135 (b)" (fig. 16) is quite simple. 
[} 

The molecular ion (mIe 370) is of medium intensity. It l08es 

two molecules of CH 3CH = CH 2 by McLafferty rearrangernent, succes

sively to give a peak at mIe 328 and a base peak at mIe 286. 

The molecular ion can eliminate the -P(O)(OC3H7)2 group to pro

vide a peak at mIe 205. Loss of hydrop,en mole cule from the peak 

at mIe 205 provides the J'eak at mIe 203. 

tern is illustrated in Scheme XVII.' 

The fra~mentation nat-

'.-

, 
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Scheme XVII 
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The mass spect~um of 135 Ca) Cfi~. 17) is quite simi1ar to that 

of the isopropyl ana1og~, Its mo1ecu1ar ion ~ml e 3 ... 2) is the 
~ , 

base peak. "It loses two molecules- of ethylene successively by 

McLafferty rearràngement to give rise to the peaks al-"ml eV 31ll 

and 286. The peak at mIe 205 May arise either from the 108s of 
o 

-P(0)(OEt)2 moiety from the- mo1ecular ion or from the ,10ss of 
, 

-P(0)COH)2 moiety from the peak ai mIe 286. Further 108s of 

'hydrogen from this peak provides~the ion at mIe 203. 

mentation pattern is shown in Scheme XVIII. 

The frag-

l~ l~ 

mIe 342 ", mIe 314 
(,. 

j,. 

. 
,:i) , 

-C2HS • '\ -C2Hs · 

~ 
0 , 

Il /0 
• P, 1+ 1+ OC 2HS 

"" 

"" , 



~ ", 

) 
~'1! 

Scheme XVIII (cont t d') 
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With the foregoinz interpretation of the spectroscopie datâ, 

1 the structu~res assièn'ed to 135 (a) and (b) appear to b~ secure o 

It seems that the replacement of a pheny1 group on Phos\horus ' 

by ,an alkoxy group has altered dramatical1y the course of the .. . ' 
reaction. Tt is interesting to speculate on the mechanism for 

the formation of 135.:; 

A possibi1i ty is that the formation of dia1k'ylphosphonato-
'J 

dihydrodibenzocyclooctatetraene (135) rnay resu1t from the di-

merization of an unstahle -o-quinonoid interrnediate 136 to give 

di[dialky1phosphonato]dibenzocyc1ooctadiene (137):, fo11owed by 

a-elimination of one of the dialkyl phosphono [-P(O)(OR)2] groups 

"1 (Eq. 63). • 



.' 

" __ ,:11 

~~'t'--.~~_ 

0 
0 Il 
Il P-COR)2 ci-(OR)2 1 ((CH. 

( ) ~ 1 1 
~ ~ 

> CH 2 • 

(136)(a); R = C2H
S 

(b) r R = i _ C3H
7 

- Q 

0 
Il 

(RO)2-P 

) 

(137)(a); R = , 
(h) ; R = 

0 
Il 
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~ 

, 
-(OR)? 

~ 135 

~ 

C2 HS 
i 

(63) 
C3H7 " , 

'\ 

The formation of dibenzocyc1ooctad~ene via a very reactive 

o-quinono:id intermediate is not \-lithout precedent. Indeed, this 

• •• () 12 B k1nd of react10n has been 1nvoked by Cava ~ al Eq. 64 and 
138 

Errede (Eq. 65) • 

-A 
) 

(13 B) 

Dimeri zaticn 
) + 10 1 (64) 

(139) 

1 • 

) 
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''li 

'-

(138) 

tempe 

(6S) 

(139 ) 

It has been mentioned in both reports 128 ,138 that the f6r-

mation of the products de~end greatly on the reaction tempera

ture. The work of Errede 138 showed that 1,2,5,6-dibenzocyclo

oc~a.c;Hene (139) was the main product at the medium reaction 

temperature range of 0 - 200°. Cava128 also reported that the 

yie Id of 139 was increase d when the reaction t-Ias carried ou t 

in'a solution of diethy1 phtha1ate at 3000~ 

The intermediate 136 postu1ated for the present reaction 

is expeëted to have chemica1 behaviour not un1ike that of the 

o-quinodimethane 138. Hence, the formation, of the dîmer 137 

in the temperature range of 135° would be quite reasonable in 

view of the above reports. 

Support for the intermediacy of 137b was gained by carrying 
1 

... • 
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out the reaction of diisopropyl(2'-bromomethyl)benzylphosphonate 

(133) with exces~ Vitride reagent at a lower temperature 125 0 

for 30 houps, in to1uene or dig1yme. Un~er these conditions, 

a new compound was iso1ated, instead of 135 (b), in 33% yie1d 

by preparative thin layer chromatography. Its spectroscopie 

data were' in aécord with the structure 137 (b). 

The infrared spectrum of 3,4-di[diisopropy1phosphonato]-
1 

1,2,5,6-dibenzocyc1ooctadiene (137 b) (fig. 12) èonsists of a 

. -1 strong characteristic p=o absorptlon band at 1240 cm and a 
~ 

strong isopropy1 doublet at 1370 cm- 1 and 1380 cm- 1 .. A str-ong 

broad band at 1000 cm- 1 due to P-O-C absorption is a1so observed. 

The infrared spectral data of dialkyl(2'-b~momethyl)benzyl-

phosphonates and th~ relat~d co~pounds are summarized in Table VII. 

TABLE VII 

I.R. Spectral Data of Sorne Phosphorus Esters 

Compounds "P=1) in -} 

" in -1 
~edium cm 

P-O-C cm 
" 

0 
Il . 

~p-co1prl2 1260 1020, 1150 Film 
1 
~ RI' . 

0 
11 1 

OCP-COEtl2 1250 1020, 1160 F:iJ m 
~ Br / 

i 
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TABLE VII (cont'd) 

., 
Compounds "'p--o in cm-

1 
v in cm-1 

Medium P-O-C 
~ 

0 œil/Ph 1220 1040, 1160 KBr 
1 P, OEt 

:::::-.... Br 

'" 
0 0 

i Il Il 
i ( PrO) 2- P P-(O Pr)2 

1 

1? 4f} 1000 CHCl 3 

--
',-

1240 1000 

1?30 1100 CHC1 3' 
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The Vp: O values of dialky1(2'-bromomethyl)benzylphosphonate 

should be compared,to that of o-xylylenediphosphonic acid 72 

. -1 
Wh1Ch shows the characteristic p=o absorption at 1260 cm • 

The 220 MH z n. m. r. spectrum of 3 ,il-di (d~isopropylphospho

natO]-1,2,5,s-tbenzocYClooctadiene (137 b) (fig. 15) is in 

agreement with a head-to-head dimeric structure. It gives a 

8-H multiplet at 7.3 6 for the aromatic protons, a 4-H multiplet 

at 4.6 6 for the isopropyl methine protons, a 2-H A2B2 pattern 

. # ) at 3.7 6 for the benzyl1c protons, a 2-H doublet (Jp_ CH = 20 Hz 

at 3.3 6 for the methinl'! protons adjacent to the P=O group and 

2il-H two separate douhlets at 1. 0 - 1. 3 6 for the/ nonequivalent 

methyl groups of the isopropyl moiety. Thus 137 (b) is an equa1 

mixture of cis- and trans-iso~ers. The absence of coupling 

between the benzylic methy1ene protons and phosphorus atom ruled 

out the head-to-tail dimeric structure. 

The mass spectrum of 137 Cb) (fig. lB) features a medium 

intensity molecular ion at mie 536. The peaks at mie il94, 452, 

410o-<and 368 may arise from the successive 10ss of four mo1ecu1es 

of CH
3

CH = CH
2 

by McLafferty rearrangement from the molecular 

ion. Elimination of -P(O)(OH)2 moiety from each of the peaks 

at mie 452, 410 and 368 provide the peaks at mie 371, 329 and 

287 respectively. The fragmentation pattern is shown in Schem~ XIX. 
~~~ 

~ 

Exact mass meac;urement: - Calcd. for C28H42P2()6 - 536. '241~6, 

Found - 536.2457. 

# a 2-H singlet is also observed at 3_.4 4 for the tYenzylic protons. 
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Scheme XIX (cont'd) 
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d-<·OH)2 

) 2 
~ ~ 

ml e 368 mIe 184 

~U 
;' . . , 

-,+ ... - "() 1: ... - } 0 
Il 

Il, 

~P-(OH)2 (dP_<OH)2 
/ ~ 1 -H. 

1 < 
~ 

~ . 

mIe 183 mIe 184· 

.J, 

A peak at mIe 371 can a1so eliminate -P(OH)(OC3H7)2 moiety 

to fom the peak _at ml ë 205. 

- (~ 
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mIe 371 

OH 
1 

-P-(OC H ) 
3 7 ? • 

.' 

ml 205 e 
. 
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That 137 (b) is indeed the intermediate in the formation 

of 135 (b) can be proved by the fo11owing experi~ent. The 

reaction of diisopropy1(2'-bromomethy1)benzylphosphonate (133) 

with Vitride reagent was carried out to give 137 (b) at 125 0 

fo~.~,30 hours as ascertained by nmr spectroscopy. The reaction 

mixture was then heated further at 135 0 for 48 hours. Under 

thés.e conditions 137 Cb) disappeared and 135 (b) was formed. 
~ 

One may specu1ate on the mechanism for the formation of 
, At 

137 (b). An intermo1ecu1ar SN2 reaction invo1ving carbanion 

such as 140 can be ru1ed out, because it wiJ1 1ead to the head-, -
to-tai1 dimer 141. 



,e 

(140 ) 

o 
Il 
P-(OR)2 

e 

Br 

.. 

'. 

o 
Il 
P-(OR)2 

Base 

( 141) 

131 

.' 

• The o-quinonoid intermediate appears to be reasonab1e. The 

dimerization can proceed either by a concerted {~4S + w4s) cyclo-
, 

addition. This pathway, according to the principle of the con-



• 
132 

servation of orbital symmetry as formu1ated by Woodward and 

Hoffmann, is however considered forbidden under thermal condi

tion 139. This is âlso in agreement wi th the obse rvation that 

no head-to-tail 'dimer was formed, sinee i\= is difficult to 'see 
, , 

how a cyc1oaddition would'have favoured only one mode of addition. 
r ' 

On the other hand, the reaction may proceed by a two-step pathway 

involving, perhaps a diradical intermediate. 

o 
Il 

• J 

r 

2 d P
_<OR)2 

~ ~ 
1 

1 

> 

If this were the case, then a head-to-head dimeri zation will 

be favoured si.nce the diradica1 can be stabi li zed by the phospho

ry:l group-~ This is indeed observed experimentally. 

There remains the question on the formation of the inter

mediate 136. A reasonabl~ assumption is that 136 is deri ved 

from the base-promoted elimination of HBr from the startin:g',ma-

" terial. 

Thus, in the reaction of dialky1(2'-bromomethyl)benzylphos-

phonate wi th Vi tride reagent, the hydride reag~nt served ais a 

base to cause the e1imination of hydrogen bromide from the phos

phonate ester to generate the ,o-quinonoid intermediate. 

\ 
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» 
One may expect the other strong base migh t also effect the 

same transformation. Indeed, when. diîsopropy1(2'-bromomethyU: 
.. 

benzy1phosphonate was treated wi th fresh1y sublimcd potassium 

~-butoxîde in dig1yrne at 1100 for 24 hours, 137 Cb) was formed, 

a1b'i:~i t in lower yie1d. 

Support for the formation of o-quinodimethane (138) hasfbeen 

confirmed byJtrapping it with dienophi1es such as N-pheny1malei-
" . 128 140 ~ 

ml. de and anthracene 

We hope theret'ore to imp1icate the o-quinonoid intennediate 

136 by trappin~ it with various dienophi1es. Thus, diisopropyl

(2'-bromomethyl>bcnzylphosphonate was treated with excess. Vitride 
'. 

reagent in dig1yme at 130°, in the presence of dimethyl acetylene 
-

- dicarboxy1ate for 24 hours. Thin layer chromatography and n.m.r. 
\ 

spectrum of the reàction mixture, after working up indicated the 

fprmation of the dîmer 137 (tb) only. The attempted trappin~ 

reactions with anthracene and dimethy1 maleate under the sarne 

reaction conditions were also unsuccessfu1. 

The atfimpted reaction of the same phosphonate ester with 

potassium tert-butoxide in diglyme at 130°, in the presence of 
<;> 

the above mentioned dienophi1es, also failed to give any adduct. 

The fai1ure 'of the trdpping reactions may ,probably be due 11 

to the complicated side reactions of 'dienophi1es with Vitride 

reagent or potassium ~-butoxide. 

As stated earlier, the formation of dialkylphosphonatodi-, ' , 
hydrodibenzocyc'I'o"6ctate traene (135) may be pos tu1ated as resul Ting 

from the dimer 137 fol1owed by the e-e1i.mination of one of the 

di~lkyl phosphono groups. Similar kind of 6-e1imination in phos-

1 
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phinate esters has been observed by Haake and Diebert141 • Three 

mechanisms have been advanced for the elimination reaction namely 

(a) a free radical mechanism (b) a cyclic elimination mechanis~ 

and (c) carbonium ion mechanism. 

,In conclusion, the reaction of dialkyH2'-bromomethyl)benzyl
i 

phosphonates with Vitride reagent provides an interestin~. an~maly 

from the carbon-~hosphorus bond formation reaction. ." It demons-
,w 

trates that' the course of th is reaction is sUbj'ect to the influence 
- 1 

of subtle structural change. In one case (Eq. 51), Vitride bébaves 
(. 
1 

as a nucleophile but, in tl'{e other case, it acts as a base (El:!; -63). 
f. 

0 0 

~"/OF Vi trid~ ~~ '1.,Œl '(}O 0 :;;;' p 
~ ~ 1 e'Ph ) ~·1 p~ (SI) ~ l'Ph ~ 'Ph 

Bl" Br 
~, 

'p 

0 0 
0 fi Il 
Il (RO)2- P -~(OR) 2 

0 d-(OR)2 OÇ'"/OR '7 p Vi tri.de • ~ '7 (6,3 ) 
, ....... OR ), 

~ ~ ~ 

--. ,', Br "1' ~J -l:, 

, 

- " "f 

, ' 
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Halogenation of 2-Pheny1isophosphindoline 2-0xide 
,. -

Wi th the ready availabili ty 'of 2-phenylisoph~o~hindo1ine 

2-oxide by one-step syntbesis, we began to explore ~e chemistry 

of the isophosphindole system. / 

We have described in the previous section the reduction of 

the phosphine oxide to the phosphine and its subsequent quater

nization. In the following sections(we shal1 describe the 

ha1ogenation'of 2-phenylisophosphindoline 2-oxide with various 

reagents. 

With N-Bromosuccinimide 

2-p'henylisophosphindoline 2-oxide was brominated with equal - , 

rn01ar quantity Of recrystallized N-bromosuccinimide93 , in the 

presence of a catalytic amount of benzoyl peroxide, in refluxing 

benzene for 12 hours. After removal of succinimide and the 501-

vent, ~he reaction mixture was separated by preparative thin layer 

chromatography to furnish 50% yield of one major product. The 

spectroscopie data and elemental analysis of this compound were 

t " 
in accord wi~ the structure of r-l-bromo-t-2-phenylisophosphin-

,,:t
'ca 

doline ~-oxide (142) (Eq. 66). 

Also isolated as minor products were 10% yield of l,l-dibromo-

2~pheny1isophosphindo1ine 2-oxide (143), 8% yie1d of r-1-c-3-

dibromo-t-2-phenylisophosphindo1ine 2-oxide (144) and 5% yie1d 

of trans-l, 3-dibromo-2-phenylisophosphindo'line 2-0~ide (145) 

(Eq. 66), " .. , 
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It is of interest to find out whether !-1-brom6-~-2-phenyl

isophosphindoline 2~oxide (llJ6) was formed (see 1ater section). 

Careful examination of the reaction mixture by thin layer chro-

matography showed that there was on1y a trace of this compound. 

The yield of this compound was therefore extreme1y 10:-' « 5t). 
~J • 

The formation of the dibromo compounds cou1d not be minimized 

by decreasing either the reaction temnerature or time. 

Br H 

NBS ~o 
p '", 

';. Ph 

~. H H H H 

(12 :t.) (142 ) (llJ3) 

Br H Br H 

+ 

.. 

~ 
.. ' *' .. :-

9° '? 1 9° P", + P", (66) 
''''Ph ~ """'Ph 

'\. 
Br JI H Br 

(llJ1J) (llJS) 

Structural determination of these products was achieved by 
. ) 

n.m.r. spectroscopy and mass spectrometry. 

AlI the bromo derivatives of 2-pheny1isophosphih901\ne 2-oxide 

feature strong characteristic P=O stretching and these absorptions 

are summarized in Table VIII. They aIl show strong phenyl bands 

at IlJ40 cm-l, 1120 - 1100' cm- 1 and 700 - BOO cm-l. 
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TABLE VIII 

.. 
P=O Absorption in the f.r. spectra of Bromo 

-
De'ri va ti ves of 2-Pheny1is ophos phindoline 2-0xi de 

\ 
" \" Name of Compounds '\)p=o in 'Cm 

E-l-bromo-t-2-phe~ylisophosphindoline 2-oxide f; 1230 

r-l-bromo-c-2-phenylisophosphindoline 2-oxide 1 1220 
- -'III -, 

1,1-dibromo-2-phenylisophosphind~line 2-oxide 121~0 

trans-l,3-dibromo-2-ph~nyli~ophosphindoline 2-oxide 1t 3O 

~-1,~-3-dibromo-!-2-phenylisophosphindoline 2-oxi de 12 110 

ft See fig. 20 

In the n.m.r. spectra of all the above bromo compounds, the 

aromatic protons appear as multiplet in the region 7.2 - 7.8 ~, 

the benzylic protons attached to -Br give douhlet and the other 

benzylic protons appear as part of an ARX pattern (X = 31p ). 

By careful examination of th~ n.m.r. spectra of these com~ 

pounds, it is possible to d~duce the relative stereochemistry 

of the various isomers. 

The a.signment of the stereochemistry is based on two con-

~iderations. r~t-t----±here is the sheilding effect of the phenyl --

-1 

ri-Rg9.5-:--~OndlY, the magni tu de of the 

----------
geminal 2J(P-CH) coupling 

cons tants depends on the orientati~;0 of the phosphoryl 
'1 

\ 

142, 14 ~ 
group 
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TABLE IX 

The Chemica1 Shifts (ô in p.p.m.) and Gemina1 

Coup1ing Constants (in Hz) of Benzy1ic Protons 

of Sorne Isophosphindo1ines 

Br Br 
" " 1"\ 

110' "l't'} 
p 

~'" 
i"ph 

(121) 1 (142) (143) 

• ~.Br o Br"~~Hb' Br 
.. ,' 0 

, .... 
~ t p..?' .... 0 

/' P, p :.--... ,~ 

'" \ "'" Ph -.. .,. 
" ~Ph " Ph 

Br Hbt H,a' Br Ha Hb 

" 

(144) (145) (146 ) 
\ 

121 143 .142* 144 
1 

145 

ÔH~(2J(PCHa) ) 3.51(16) 3.59(17) 3.59(17) 
..;' 

ÔHb (; J( PCflh) , 3.35(9) 3.36(9) 3.36(9) 
1: ... ô ' . 

Ha f ( 2 J ( P CH a' » 5.6(10) 

ô 2 
Hb' ( J(PCH)b'» 5.2(2) 5.2(2) 5.3(2.5) 

,. See fig. 25 

138 

146 

3.59(17) 

3.36(9) 

5.6(10) 
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The shielding effect of phenyl ring in modifying the chemical 

shift of adjacent spin system is weIl documented. Within the 

field of organophosphorus compounds, this shielding effect has 

been used for stereochemical assignment. For example, Quin 95 

assigned the structures of the two isomeric phospholene oxides 

147 (a) and (b) by noting that the methyl signal of the cis

isomer 147 (a) appears at a higher field by 0.45 p.p.m. than 

that of the trans-isomer 147 (b). 

(147b) 

Examination of molecular models of the various isomers of 

the bromo-derivatives of 2-phenylisophosphindoline 2-oxide suggests 

that the benzylic protons cis to the phenyl ring should be simi-

larly shie1ded, i.e. they shou1d appear at a higher field. 

The dependence of the geminal ooupling constant 2J(p-C-H> 

• j. • h b b d 142 .' on the phosphorus lone pa1r or1entat10n as ~en 0 serve 1n 

1,2,S-trimethyl-3-phospholene (148 a and b). 2 The 1ar~er J(P-C-H) 

coupling constant (+22.7 Hz) is attributed to the isomer 148 (a) 

in wh ich the C-H hond cis to the- phosphorus lone pair and the 

smaller 2J(p_C_H) coupling constant (-2 Hz) to the trans-is6mer 

148 b. 
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•• 

P, 
". 
"" 

+72.7 Hz 

CH-3 

(14 Ba) 

140 

H 

--
( 14 8b) 

If one argues 'that the magni tude of the 2J (p_C_H) couplin-g 

constant depends not so much on the orientation of the lone pair, 

but rather on the orientation of the polar group, then one may 

predict that in the isophosphindoline P-oxide systems, the magni

tude of the geminal 2J (p_C_H) coupli..ng constant is a function 

of the orientation of the phosphoryl group. If one further argues 

that the dependence is in the sarne direction, then the proton 
., 

trans to the phosphoryl group (i.e. cis to the phenyl group) - -
should have the snaller coupling constant as shown in Table IX. 

The argument appears to be consistent wjth the data in Table IX. 

Simi 1ar dependence of geminal 2 J (C-C-H) coupli~J; cons tants on the . 
14 1l orientation of a polar group on carbon has been observed • 

The mass spectrum of !-I-bromo-!-2-phenylisophosphin~oline 

2-oxide (l1~2) (fie. 3?) shows PCm/e 306) and P+2(m/e 308) in 1:1 

intensity ratio. The base peak is at mIe 227, \'lhich arises from 

the 105s of -Br radical from the molecu1ar ion. The other p~o

minent peak at mIe 179 may arise from,the rearranged ion of 

mIe ~227 as shown "in Scheme XX. Loss of CSHS from the peak at 

/ ml 227 also provides the peak at ml 149. e e 
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Scheme XX 

1 • 

-Br. , 
< 

,. 
mIe 306 mIe 227 

" 
", 

Jf 
-CSH6 

Ph 
1+ œp

-OH 

l+ 
O()=o 

ml e 149 

.' -POlI 

~, :<- , 
lt \. O=JPh 

~I 
~ 

ml 179 
e 

The mass speptrum of 1,1-dibromo-2-phenylisophosphindoline ~ 

2-oxide (143) shows P<m/e 384), P+2(m/e 386) and P+4(m/e ~88) 

in 1:2:"1 intensity ratio. The other fea'ture includes (P-Br.> 
1 

1/" 

ion a~ mIe 305 and 307 in 1:1 intensity ratio. The base peak 
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142 

at mIe 149 may be formed by the e1imination of PhBr from the 

(P-B~.) ion. Loss of Br2 molecule from the~mo1ecular ion pro

vides the peak at mIe 226. The other peaks at mIe 179, 178 and 

102 may be accounted for bY the fragmentation pattern as shown 

in Scheme XXI. 
,1 

Schemc XXI 

Br RI' l~ 

-œp~O -Br. 

~ l '" Ph 
) 

-PhRr ~. 
---~) ~=o 

mIe 384 'mIe 30S mIe 149 

l ~Br2 
1: 

~~ 
-po 

) 
~ ~'Ph 

l~ 

O=rPh 
-H. ) 

Ph 

(Jo( 
mIe 226 ml e 179 

\. 

ml e 102 

. i 
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The mass spectrurn of tranS-lt3-di~brno-2-PhenYlisoPhosPhin. 
doline 2~oxide (145) also exhibits P(m/e 384), P+2(m/e 386), and 

P+4(m/ e 388) in 1:2:1 intensity ratio. r Loss of -Br radical and 

Br2 from the molecular ion gives rise to the peaks at mIe 305, 

307 in 1:1 intensity ratio and at mIe 226 respectively. The 

base peak at mIe 149 may arise from the 10ss of PhSr from (P-BrJ) 

peak. Loss of HBr from (P-Br.) 'peak also providès the peak at 

ml e 225. The fragmentations i.nvolved ~re ,depicted in Scheme XXII. 

Scheme XXII 

Br H 

~p~o' 
~'Ph 

H Br 

-Br
2 

0 

(X>~ ~ ~ " Ph 

1: 

-Br. 

H 

~p~O V;< '-Ph 

H Br 

ml 305 
e 

-PhBr 

.5 

O:}:o 
ml 149 e 

l+ 

-HBr cc:;;.'" ~O 
---~~ p 

:::::.... - 'Ph 

.Jl1 ... 

" 

ml 225 
e 

.. 
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The other 1,3-dibromo isomer (144) exhibits a11 the prominent 

peaks ob,served in the mass spectrum of the trans-isomer. The 

fragmentation pattern may indeed be the same as in Scheme XXII.. 
r 

The mass spectrum of r-l-bromo-c-2-pheny1isoph"osphindo] ine - - -
2-oxide (146) shows aIl the prominen t peaks observed in tha t of 

, 
the other isomer 142, and the frfiementation pattern is same as 

in Scheme XX. 

With the stereochemistry of the yarious bromo compounds 

properly assigned, it is interesting to note that the trans-

isomer 142 is formed in greater than 10 fald excess of the cis-

isomer 146. This stereose1ectivi ty is rather unexpected because 

f '-d' 1 . . . " 1 . 145 ree rd 1ca brom1natlon lS not known to be so se ect1ve • 

It may be that in the present case, wi th the constraint 

imposed hy the bicyc1ic system, in the product formation steD, 
\ 

the approach of the reagent bromine may corne preférentia1ly from 

the si~e opposite to the more bulky phenyl group. 

Br-Br 

\ 0 

CC ? 
, P,,, 

~ -:"" Ph 

Br H 

) 

An alternative expJanation may be the "Gaucf1e Effect" pro-

146 posed by Wolfe • In many reaction involving carbanio ns ad-

jacent to polar bond, thp- stereospecificity is exp1ained to he 

due to the preference~of the carbanlon electron pair to be gauche 
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to the adjacent polar bond. Whether such an explànation is 

applicable to the pres'ent reaction involving, free. radical in

termediate is a question which requires much further work. 

With N-Chlorosuccinimide 

If i\ is th~.steric effect which is controlling the stereo

specificity, then one may expect th'at the free radical chlori-

nation of 2-phenylisophosphindoline 2-oxide (121) might be less 

stereqselective,' sinee chlorine atom is smaller in size than 

bromine. 
'. 

Thus, 121 was chlpr~nated with equal rnolar qûantity of re-
."'~ 

Il ' d N hl ' , 'd 93 , f crysta 1ze -c orosucc1n1~1 e , 1n the presence 0 a ca ta-

lytic amount of benzoyl peroxide in refluxing benzene for 12 hours. 

J The n.m.r. spectrum of" the reaction mixture revealed that mono-

.. 

.. 
chlorinated compound, analé,gous to 142 was fo~d stereoselec-

tively as in the case of N-bromosuccinimide. The isolation of 

the products was however not atternpted. 

Wi th Phosphorus ,pentabroTIlida 
'-

l 
It is expected that if 2-bromo-2-phenylisophosphindolinium ~ 

bromide (149) can indeèd he synthesized, dehydrobromination ~f 
'. 

thi~ will lead to 2-phenYlisophosphindole~(150). Similar kind 

of dehydrobromination has. been rep,or1;ed by Mathey2.0 (Eq. 5) and 
t ' 

Quin lll7 . The possible method ;t~repare 149 is the treatment 

of 2-phenylisophosphindoline 2-ox!de (121) with phosphorus penta-

.. r, 



• 

146 

~, 

bromide in analogy ta the reaction of ketone with the aame 

• j reagent to gi ve dibromo compound. 
, 0 

, . ' 

~!'~o 
~'Ph 

PBr ~ 
s· ) 

(121) 

Dehydrobromi~~tion 
) 

(150) 

Br 

~/ 
~P,Pl) 

,Br 

(149 ) 

"-

'!'hua, 'treatment_of 2-pheny1isophosphindo1ine'. 2-oxide -wi th 

. " phoaphorus pentabromide in ref1uxing benzene for 24 hours 1ed 

to the formation of 15% yie1d of !-1-brOmo-!-2-pheny1isophos

phindoline 2-oxide (142), rather than the expected product. 
\ 

Most of the starting materia1 was recovered. It seems tha~ 

phosphorus pe~tabromide behaves as a brominating agent and the 

same stereose1ectivity is 'observed. 

\ 

1,1 
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Other Reactions of ?-Phenyl~phosphindoline 2-0x:ide ~ 

, 
Thermal Decomposition v • 

1 • 

~ 

In view" of the report by Cava et alllO .on the synthesis of 

isobenzothiophen~ (lIa) (Eq. 46), it is.hoped that 2-phenyliso- ~ 

phosphindo1ine 2~oxide (121) mig\t alsp undergo thermal decom

position to forro the corresponding isophosphindo1e. 

Thus, when "a 1: 2 mixture of 113 and neutral alumina was 
."-'/ 

heataa under 12 mm Hg pressure at 120 0 in a sublimer, a white 

crysta1line,solid was col1ected on ~he cold finger. It was 

identified as the"starting material by its spectroscopie pro

perties and by thin layer chr.-omatography. 

Attempted TI;hydration of 2-Phenyl~Dhosphindoline 2-0xide 
G 

/ 110 
In analogy to 1,3-dihydrdbenzothipnhene 2-oxide (112) , 

2-phenylisophosphindoline 2-oxid"! (12 i)-: migh t undergo dehydratiCJh 

.~ by chemical meftÎns. Thus, l~l was treated with excess acetic 
/ 

anmydrid~-in refluxing benzene for 48 hours. However, no new 

compound was formed as shown by thin layer chromatography and 

n.m.r. spe 7troscopy. 1 
The attempted·'reaction of 121, either with p-t61uenesulfony1 

c~loride alone, or, wi th the sarne reagent in the presence of w 

pyridine'also fa~led to givè any new compound. 

, . ; 

1 

/ 
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2-Pheny1~phosphindo1ine 2-Sulfide 

, 
. ~ 
.~--

Expecting that phosphine sulfide might \-ttnder~~ decomposil~on, 

2-phenylisop?osphindoline .2-sulfide was prepared as fol1ows: -

, - 2-Pheny1isophosPhindo1ine 2-oxide was reduced with excess 

. hl' 1==.\' f ., . tr1c orOS1 ane 1n re 1ux~ng'benzene for 48 hours. After hydro-
1 

1ysis, the reaction mi'xture was treated wi th excess su1fur at 

room temperature. A new compound was obtained as yel10w solid in 

60% yie1d. The spectroscopie properties were in accord with 

2-pheny 1isophosphinclo1ine 2-s u1fi,de (151) (Eq. 67) •. 

œp~ 0 1) HS;.C1
3 œ~s ) (67) 

~ "- Ph 2) S(p.xcess) ~ P" P,h 
... ;...--

...",.:&.t~ '- L' 

( 121) (iS 1) 
.~ 

" " The infrared spectrum of 2-phenr1isophosphindo1ine 2-su1fide / 
~ -1 -1 

(151)'shows strong pheny~.bands at 1it4tl cm ,1100 cm and 

700 - 800 cm-l. A weak band at 650 cm- 1 is attrihutab1e to the 

P=S stretching. 

The 60 MHz' n.m.r. specltrum of ?--phenylisophosphindoline 

2-sulfide is of considerable interest. The rnethy1ene sip,nals - ~ 

~ppear as a douhlet ay 3.7 6 ~Jp_CH :: 12 Hz) in CDC1 3 solution. 

However, in' benzene solution, !~e pattern of the rnethy1ene protons 

is the sarne as those in 2-ph<:!ny1~phosI'hindoline 2-oxide, i.e. 
-> 

as part of an ABX system at 3.8 ~\ A 5-H multiplet at 7.5 - 8.0 ~ , 

/ 
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and a 4-H singlet at 7.3 6 are observed for the aromatic protons. 

The mass ~pectrum!of 2-phenylisophosphindoline 2-sulfide 
\ 

shows a molecular ion P at mIe 244 as the base peak. ~ere is 

the characteristic P+2 (mie 246) peak jor su1fur compound. A 

peak at mIe 104 r~also observed as in ~h~ case of its oxygen 

,pnalog 121. An interesting fragmént is at mIe 135, which may 

arise from the lo~s of PhS radical from the molecular ion, a 
148 process which has been reported The frap,mentation pattern 

is il1ustrated in Scheme XXIII. Exact mass measurement: -

Scheme XXIII ; , 

H 
~ 

l~ l: • ~~S 
~'Ph 

'(D. a :::a + [PhP=S j 
') 

,~. m'I e _244 

1l 
" l~ 

CC\: ",SH 
1 p 

~ 'Ph 

l-HS. 
'" \ l+ 

~P-Ph 
~ , , 

.' 
ml e 211, 

~ ~ 

mIe 

" .;, 
r 

l, 

(' , 

"" 

" 

< 

101y ,<.. 

1 .. 
-H. 

"p'''' 

,/ 
~ 1+ O=C'l2 ~, , 

~: ~ CH 

~/e 103 

.. , 
-,+ 

, ) 

l' ' 

ZQ 

\, 



Scheme XXIII (cont' d) 

+ ..,. 
~",~S 
~'Ph 

-1PhS. 

1 

ml 135 e 

150 

'Attempted Decomposi tion of 1=-Pheny1~phosphindo1inc 2-Sul fide 

.. 

Treatmént of 2-pheny1isophosphindo1ine 2-su1fide (151) wi th 

excess acetic anhydridp. in refluxing benzene for 48 hours failed 
II(-

to 1ead to the formation of any new produ~Jt. On the other hand, 

by ref1uxing 151 in acetic anhydrid~ alone for. 36 hours, 2-phenyl

isophosphindoline 2-oxide was obtained (Eq. 68). 

~p~S 
~ 'Ph 

( 151) 
• 

(S8) 

1 

(121) 

-

This reaction may ,proceed by an oxa-thia exchange reaction '---J' 

as indicated in Eq. 68. Similar kind of reaction invo1ving 
, 

149 
epoxides and phosphine sulfides l'las .. been report~d' • 
. ' 
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151 
" 

The attempted reaction of 151 either with p-toluenesu1fonyl 

ch10ride or with thé same reagent in the presence of pyridine 

a1so met with failure. 

The fact that 2-phenylisophosphindo1ine 2-oxide (121) and 

its sulfur analor, 151 fail to undergo dehydration, in contrast 

to 1,3-dihydrobenzothiophene 2-oxide (112), may probab1y be dUê 
... 

to the greater polarity of thf! S=O bond compared to that of P=O 
• 

or p=s bond. 
A : 

~ 

2-Pheny1~phosphindole 2-0xide 

Dehydrobromination of E-l-bromo-!-2-phenyl~phosphindo1ine 

2-0xide with 1,S-Diazabicyclo[3.4.0.]nonene-5 CnRN) or,Triethylamine 

~n easy entry into the isophosphindole system can be achieved 

by dehydrobromination of ~-1-bromo-!-2-pheny1isop~osphindole 

2-oxide with bas~. 

~1-bromo-t-2-phenylisophosphindo1ine 2-oxide (142) was 

del-tydrobrom~nated with eX,cess DBN in refluxin~ Ibenzene for 8 

hours. After working up, the resu 1 ting reaction mixture, on 

separation by preparative thin layer chromatoeraphy afforded 

62% yield of a new compound (Eq. 69). Its mass spectrum and 
1 

elemental analysis were consistent with the dimer of 2-phenyl-

isophosphindole 2-oxide (152). 
, 

Dehydrobrominatio~ of 142 witn excess triethylamine in re

fluxing benzene'for 12'hours gave 50% yield of the same product. 

The formation of DBN.HBr and NEt 3.HBr salts in both reaction 

ç, 
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152 

\ \ -~ 

~ " 

indicated that dehydrobromination has indeed taken place: 

The isolation of the dimer indicates that 152, if formed 

must be unstable and it dimerizes too rapidly to allow its iso-

lation. " The reactivity of 152 shou1d be compared with that of 

1q2,3-triphenylisophosphindole,2-oxide (83) which underwent 

dimerization, as weIl (Eq. 30). 

DBN 
~ 

--~) Dimer ,(69) 

o Il ~ 

(142) ( 152) 

The dimerization of 2-pheny1isophosphindo1e 2-oxide is not 

unexpected, in view of the strong tendency of unstab1e o-quinonoid 

d d
, -, , 128,138 system to un ergo 1m~r1zat1on • 

The infrared spectrum of the di~er (fig. 21) exhibits a 

-1 . 
strong band at 1210 cm l , attributable to phosphoryl stretc~ing 

-1 '\ -1 -1 
and strong bands at 1440 cm , 1120 ,cm and 700 - 800 cm , all 

associated with phènyl a~sorption. 

The 60 MHz, 100 MHz and 220 MHz n.m.r. spectra (fig. 26) 

shows a 14-H multiplet at 7.0 - 7.8 ô for aromatic protons, a 

4-H multiplet at 6.3 ô for olefinic protons, a I-H doublet of 

doublet at 5.3 ô for another olefinic proton (Jp~CH = 22 Hz)~ 

two l-H multiplet at 4.2 6 and 3.9 ô for two nonequivalent methine 

protons and a 1-H multiplet at 3.4 ô for ~no~her methine protons. 
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153 

The mass spectrum (fig. 31) of the dimer features a molecular 

ion at mie 452. The other prominent peaks are at ,_ml e 226, 150 

and 149. Since the structure is not certain, the fragmentation 

pattern is not interpreted at this point. 

Structure of the Dimer 

The exact structure and stereochemistry of the dimer is still 

inconclusive. The elucidation of the structure is not an èasy 

task. 

If one considers that the dimer arises from trNO molecules 

of /2-phenylisophosphindole 2-oxide, there are al together 36 

possible structures. 

i to vi 
Ph ~O 

X 'p'7 
2 = 

, 

,.l 

, -
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vii to xiv_ 
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xv to xxii 

, 
.. 

" 

Il H 

H 

, 



> ' 
1 

156 

/ 

j .... 
XX111" to XXX 

/ 

\. 

" -



• 

\ 

, , 

\ 
1 

i 

xxxi to xxxvi 
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Some- ot these structures can be e1iminated. Structures 

i to vi are not 1ikely, because of the absence of olefinic pro

tons. Structures xxxi to xxxvi, being symmetry, are predicted 

to hav~ simple n. m. ri. spectra. The complexi ty of th~ ohserved 

n.m.r. spectrum of the dimer rules out these structures. 

The observation of one olefinic proton wi th large Jp_CH 

coup1ing constant would favour the structures x v to xxii. The 

other features of the 'n.m.r. spectrurn alse favour these struc-

tures. It is difficul t te di fferentiate between these struc-

tures from the n.m.l'. spectrum alone. At the moment, we favour 

structure 153 as the structure' of the dime r. 

(153) 

. From reactions whic'l-) will he discussed in 1ater part of this 

thesis, Diels"-Alder x,èaction of Z ... .phen,Y1isophosphindole 2-oxide 
/t- ... 

with anothcr dienophile involves e,nd1addition. 'This is also 

the case fot the Die ls-Alder adducts of<'?separate i <;ophosphindole 

P-oxides: Thus we feel -qui te confi den t that the exo s tructut'es 



& 

1 

1 

( 

159 

-
can be elim:i.nated from consideration. The stereochemistry at 

phosphorus is uncertain. We favour 153, because it places the 

more bulky phenyl group away from the appro~ching diene during 

cycloaddi tion. In the dimeri zation of l-ethoxyphosphole l-oxide, 

the stereochemistry has been deduced by X-ray and found to be: 

EtO 0 , ~ 
p 

~. 

1 

Thus, one cal'l-~ the n.m.r. spectrum to structure 153 

according1y. 

The integration ratio-in the n.m.r. spectrum of the dimer 

is consis tent wi th the structure 153. If the structure 153 is 

assumed to be the correct o'l'1e, one may expect that i t may possess 
,1 

sorne diene character. Moreover, hydro~enation 'tlould be expected 

to yie1d sorne useful informations in structure e1ucidation. 

". 

Attempted Reaction of 2-Pheny1~phosphindole 2-0xide Dimer 

wi th Dienophiles 

Treatment of 2-pheny1isophosphindo1e 2-oxide dimer with 

excess dimethyl acetylenedicarboxylate in refluxing benzene'for 

--: \ 
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;'8 hours, on1y 1ed to the ~covery of the starting materia1, J 

• 'l 
as revealed br thin layer chromatography and n.m.r. spectrum 

of the reaction mixture. 

The dimer was 'also trea ted, wi th excess tetracyanoethylene 

in refluxing methylene chloride for 48 hours. Again, no new 
'> 

compound other than the starting material was dctected ~y thin 
, 

• 
layer chromatography and n.m. r. spectroscopy. 

Hydrogenation of 2-Phenyl~phosphindole 2-0xi~e Dimer 

, ? 

The dimer was hydrogenated a't 1 atmosphere pr~ssure at 65° 

in the presence of 10% ,pa1ladi um on charcoal. Ahsolute e thanol 

was used as the solw~!1t. 
• 1 • • 

The react~on r:n.xture '.Jas ag~ tated over-

night. After remova] of catalyst and solvent, a white solid ~ 

was obtàined. lts mass spectrum sh-owed that one molecule of 

hydrogen has been absorbed. 
, 

In the expectation, that the dimer 15,3 would absorb more than 

one rnolecule of hydrogcn, hydrogcnation was ~~eated at 50 at-

mosphere pressure at 80 0
, in the presence, of 10% palladium on 

" charcoal for 3 hours. However, the mass spectrum of th~ product 

shoV1ed tha t further addi tion of h:ydrogen did not take place. 

Thus, the chemic~l evid:nce~does 'not give any conclusive 

results. ,It is probable that hydrogenatiQn pf 153 led to the 

1,4-addit,ion product.' 

e ) 
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, " . ' 

H2 .~ ~~"'i 
X 

(153) . , 

rv • 

It is "our hope that wfth the use of 13 C n.m.r. spectroscopy, 
1 

i t may be possible to de duce. çonclusively the structure of the 

dimer in the future. 
'- <, 

Recent1y, the generatio~ of 1.2,3-triphenylisophosphindole 

2-oxl.~ -,,_73 has been h' db "1 h S.Jt '1 "1 h r ~ ac l.eve y a Sl.m~ aï- sc eme. ,l.ml. ar y, t e 

formation of dîmer was observed. - The structure 84 (Eq. 30) was 
. ) " 

proposed for this dimer. However, the stereochemistry of the 

structure has not been considered. 

2-Phenyl~pÀosphindo1e 2-0xide as Diels-Alder Diene with~bimethy1 

Acety1enedicarboxy1ate • 

. \ 

~e existence qf many 'transient o-quinonold inte~ediates 
-" ... . 

h as heen confirmed hi trapping wi th vëfrious dienophi les la 7, If) 8 , 
o 

128,138 f' . f" ( )113 
B~fo~e the success u1 l.SOlatlon 0 l.sol.ndole 5 

\.. 
, an'd ïsobenzofuran (109) III ,112, their tran~ient existe~cé has 

. ,- 107 108 
been trapped as Die1s-A1de~ adducts ' (Eq.·70; X1 =N-H; 

X 2 = 0, N - Ph,; R = H an d E q • 71 ) • 

1 ,. 
J" 

'. 

1' 
- < 

~ ., 
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, 
.Isoinderye has been also postu'lAtedJ as a ,reactive interme'" 

, 150 
diate 'and 1",las beem trapped wi th m.€lleic anhydride -' - (-Eq.. 70, . " 

~ 1 

X1=CHi; X2~O, R:H), ~he~eas evidence has been found for the " 

formation of the chlorosubstituted isoindene by Mackenzie et aI lSl • . -
,The existence of 1,2, 3-tri'phenylisophosphindole 2-oxide 73 

ha$ also been proved by trapping with ij-phenylmaleimide (Eq. 70; 

In 'arder to demonstrate that 2-phenylisophosphindoline . - . , 
\"," 

2-oxide is indeed ,the r4,~ction intermediate, we sdught to trap 
1 

~} " 
~, 

1 

i t in the form,. of th'e Diels-Alder adduct. Thus, treatment of 

"·~-1-bro~o-t-2-pher.lylisophosphindoline 2-oxide (1~2) wi th ~,~cess " 
..,~ - - \ -. / 

triethylarnine in th'e pre~ence of dimethyl acetylenetJicafboxylate', 



.\ 
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in ref1uxing b~nzene for 48 hours, 1ed to the 'isolàtion of 28% 
\ 

r, 
yield of a new compound by preparative thin~layer chromatography. 

It was idcntified as dimethyl 2,3-naphthalene dicarboxylate (155) 

(Eq. 72) on' the basis of its spectroscopic,prop~rt;es and m.p. 

45 - 46' (Lit. 152 m.p. 47). The spectroscopie data of the 'iso1ated 
... 

compound were itlentical to those of an" authentic samp1e, .prepared 
\ 

from ~he esterification of 2,3-naphthale,n~ dicarboxylic acid: , . 

,Br H 

oC" .' 'Y .' 90 
1 P ' .. 

. ~ ~Ph 

(142) 

CC02Me 
\m 

CCO'2 Me 
) 

+ NEt 3 
) 

C0 2Me 

(154) 

[w~o] ~ ~ ~ Ph 

(152) 

-Ph P0 
t 

(155) 

The, formation of the ester 155 can only arise from the Diel~

AIder' adduct 154 by the extrusion o~ the PhPO moiety. Similar 
, ' 

'. f' ,', h bèen' weIl docume'nted12 ,24,31,153 (Eqs. 13, klnd 0 ~xtruslon as 
; 

73, 74). \ 

1 
,~ i 

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

o \ 

Ph)C ~O 
"P -- + ~ '-Ph OEt 

o 
Il 

-P-dEt 
). 

.. 

'-----.,1 

Ph ~O 
'p~ 

Ph 

, 

P 

) 

• 

-PhP!") 

Ph 

, ' 

. 

o "'JiOEt 
~~ 
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C02~"! 

( 74) 

\ , 

Analogons extrusion has also been observed in suIfu~~,te~-

«cycIes IS,+ (Eq. 75). 

+ ) Œ(
C0 2Et 

1 X f ' 
CO E't· 

2 " 

- S02 

• 
" 

.. 

( 75) 
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The infrared spectrum of dimethy1 2,3-na~lene dicarbo

xy1a~; (155) consists of a very strong C=D stretcr;~nd at 
-1 . . . ",·-1 1720 cm and characterl.stlc C-O-C stretchl.ng band.::; àt 1280. cm 

The n.m.r. spectrum of 155 consists of a 2-H singlet at 

'" ,.8.2 ô for the arQmatic protons at 1 and 4 posi tions, a 2-H mul-

tiplet at 7.7 - 8.0·ô for the aromatic protons at 5 and 8 posi

tions, a 2-H multiplet at 7.4 - 7.7 6 for thos~ at 6 and 7 posi-
, 

tions and a 6-H sinBlet at 3.98 ~ for the methyl protons. 
, 

Th~ extrusion of PhPO ~o~e~J from the adduct 154 may be 
..... ..'~ Co 

considered ~s a six electron <025 + n2s ~ ~2s)~ linear, chele-

tropic cycloreversion proccss. A cheletropi~ process is one

"in ~hich tt..JO .a-bonds which terminate at a single "7tom are mad~, 
139 

or brokcl'l, in concert" The extrus ion of RhPO group miGh t 

, a~company by the disrotatory motion as in the case of extrusion 
'" 

f 15 '6' 155 (E 7) of S02 from the sul olene, q. 6. 

Â 

i ) 

ro?s + n/s + 02 8 J 
" 

(P;6) 

With Phenylacetvlene 

Dehydrobromination of !-1-bromo-t~2-phenvlisophosphindoline 

2-oxidc (14/) with excess tr~ethylamine in the nresence of phenyl
f 

acetylene in l'efluxinp; benzé'n\~ for 4 A hours, afforded 2-phenyl~ 

;, , 
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naphthalene (158) in 15~ yield. 2-PhenyIisophosphindole 2-oxide 

dimer was also isolated in 1.5% yield. In this reaction the 
.. 

PhPO moiety was extruded from the adductt 157 (Eq. 77). 

( 147) 

Ph C::: C'H 
'" ) 

NEt1 
) 

o ~ .... Ph 
" p"'" 

( 157,) 

(152 ) 

-PhPn .. ro" Ph 
1 ( 77) 

. ~ h 

( 15 8) 

Hence, the dehydl'Obromination roaction of r-1-broT"lo-t-2-

phenylisophosphindoline 2-oxidc (11~2) in the pres~nce of various 
'""'"- , 

acety)encs, se~ms to of.fQr ël p,eneral method for the preparatipn . ~~ 

of naphthalene derivatives. 

Trappinr; experiroents \Vere also carl"'i erl ou t by us ing~BN as 

a base, in the presence of val"ious dienophiles Buch as dimethyl 

maleate, di me thyl fumara te and dime thy lace ty lene di carboxylate. 

However, the reaction secms to give comp~ex mixture of products. 

This may he due to the reacticms be t\·men DAN and the dtenophi les .• 

J o ; , 
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With 1,4-Cyclohexadiene 

1 ,.-'" ; ; 

~-l-Bromo-t-?-phenylisophosphindoline 2-oxide ~142)'was 

dehydrobrominated wi th trie thylamine in the presenc~, or 1,4-

cyclohexadien~. The expected adduct was isolafèd by prepa~ative 
\ 

thin layer chromatography in 34% yield. Its spectroscopie ~ro-
\, 

perties and .elemental analysis were consistent wi th the stru~-

! 
ture 159 (Eq. 78). 

Interestingly, from th)s reaction Mas also i,~la:ted r-l

bromo-s-2-phenylisophosphindoline 2-oxide (146~~ Presumably, 

it arose from a base-catafysed' isom~rizatio~ ~action. 

\r 
Ph, ,&;0 \. \. p7 

H ,-
\ 

' .. 

».1. !JrTJ 
~'! cC' " , 0 

0 
.' 0 

~ 1 ~ HF.t 1 '7 1 ~ + + P" P 
::::-... "" Ph 

) 
~ """'Ph 

H 

(142) (lSQ) (146) 

~ (78) 

The infraredospectrum of (159) ({ig. 22) is quite ~imple, 

featuring a strong p=o absorption at 1210 cm- 1 and ~t'rong phenyl , 
bands at 11140 cm-l, 1100 crn- l and 700 - son cm- 1 

. ' 
The adduct 159 has a/father complicàted n.m.r. spectrum 

- (fig. 27) featurinf, a 9f~ multiple t at 7.2 6 for the aromati c 

protons, a 2-H mUltiP~t at 5.7 6 for the olefinic protons, 

a 2-H doublet at 3.5 ô for the m~thjne' protons ad;acent to P=O 

group (Jp_CH :: 10' 'Hz), a 2-H multiplet at 3.2 ô for the methine 

, , 
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J 
protons at the ring junction (JCH- CH = 10, J pCCH = 0 Hz), a 

2-H multiplet at 2.2 ô for the equatorial allylic protons 

CJHCH = 15 Hz), a 2-H doublet of d6ublet at ~l. 3 ô for the axial 

ally.lic l,>rotons (J
HCH 

= 15 Hz, J CH - CH = 10 Hz). 

From the coup1inr, constant of phosphorus with the methine 

protons at the ring junction, i t is possible t0 assign the .. 
stereoch~mistry of the Die1s-Alder adduct to be endo. Recently, 

.. 
B I' 156 h d h .. f"·· 1 enezra as reporte t e varlatlon 0 V1Clna 31 P-C-C-H 

couplinijs with dihedral angle and found a Karplus type re1ation-

ship (fig. 35). 

It can be seen that ln ] 59 the enrlo isomp-r wou1d be expected 
3 

to have a dihedral angle of ~90o, th us a J p _ C_C_H value of 

o Hz'is within thp ex?~ri~ental value. 
"l 

The mass spectrllrn of the adâuG.t 159 (fig. 32) features a 

mo1ecular ion at ml 306. E1imini\tj On of PhPO from ;the mo1ecular 
e 

f i~n gi ves the peak at mie 182. 

provides the .peak at ml 128. ,; - e 

depicted in Scherne XXIV. 

• 

f' -

\ 

Furtner 'elimination of butadiene 

The fragmentations invo1ve'd are 

/ 

/ 

/ 

/ 
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- Scheme XXIV 

-,~ 
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1 1 
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Ph ' -, -; 

cÛ°-OH 

.1--po~ l + 

Ph 

(Jc1 
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i 

Fig. ~5 - Curve representine the variation 

of vicinal P,H' coupling as a. 

function of dihedral an~le.~ 
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Wi th 2,S-Norhornadiene , 
1 

: \ 
• .JI, 

It will be of considerable interest to lnvestlgat~ t~e Diels-

AIder reaction of 2-phenylisophosphi,ndole 2-oxide and.2 ,5-n r

bonadiene. 

In general, the principles which seem ta govern the stereo-

chemistry of Dicls-A1der addition may be summarized as follOtvs: -

1. The diene must b8 oriented jn the "cisoid" confopmation 

before additi-on. 

2. Wi th respect to .the dienophile, the addition i5 always cis. 

3. 

4. 

N! exceptions are known. Thus the additi0n is stereospecific . 

. Sub-sti tu~n\s in the dienophile prefer to lie abovc the un

saturated s\stem of the dien~, leadin~ to endo ad di tion. 

The diene and dienophile tend to apprôach each other from 

the less hindcred side of cach. 

One can ask the ques tion wh~:ther 2 -phcnylisophosphindole 

2-oxide would shbw a similar stereochemistry in its Diels-Alder 

reaction as a diene. The .cycl@addition wi th norbarnadiene is 

particularly int~restin~ ~ecau~~ an additional element of stereo-

chemistry is introduced, the syn- tyld ilnti- orientation of the 

methylene group of the n?rbornadiene Tfloicty. Thus in princi rie, 

eight products could be obtained. 

'\ 

\ 

• . " 

," 
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Ph .... .-': 0 0 ~ ~ Ph 
'p". "'P'" , 

It was found t~at on treatment of r-l-bromo-!-2-pheny1iso

phosphindoline 2-oxide (142) \-11. tty' excess triethylamine in the 
1 

presencç of excess 2,5-norbornadien~ in refluxin~ benzene for 

48 hours, thcre was obtained the adduct 160 in 25% yield (Eq. 79). 

In additl r-l-hromo-sr2-ph~nyl~ophosphin?o1ine 2-oxide (10% 
t~ 

yie1d), the dimer of _ benyJisonhosphindole 2-oxide (20% y~eld) 
>r\ .... J --

and the starting materia1 (30%' \-lere isolated. 
~ ~ ~ , 

The adduct was 

assigned to the structure 160 on the basis of its spectro~coDic 

data and e)cmentàl analysis. 

+ 

( 142) (160) 
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1 

The reaction is therefore st~reospecific and is in agreement 

wi th the s tereochemis try expected frtom the othe r Die ls-A1der 

reactions. 
" 

The infrared spectrum of 2-phenylisophosphindole 2-oxide-

norbornadiene adduct (160) (fig. 23) shows a s trong characteristi c 

-1 " -1 
P=O stretching at l?O~ cm and strong phenyl bands at IlJ50 cm 

-1 
an d 70 0 - 80 0 cm . 

The 220 MHz n.m.r. spectrum of 11)0 (fig. 28) exhibits a 9-H 

multiplet at 7.2 c for the aromatic protons, a 2-H singlet:'! at 

6.2 Ô fol' the olefinic protons, a 2-H doublet at 3.7 6 for the 

methine protons adjacent to P=O (Jp_ CH =_10 Hz), a 2-H sinr,Jet* 

at 3.1 <5 for the allylic methin~ protons, a 2-H sin~let)" at 

2. fi 6 f or the me th ine protons a t the rinr, ;uncti on and t:vo l-H 

doublets at 0.8 6 and-O.3 6 for the two noncquivaJent brid~ehead 

methylenc protons (\.TAB = 10 ~17.). A J AB value of 9 Hz has been 

b f d '] b d' Ilj7 .... o served or l.ch oronor orna lene • 

The endo stcl'eoclkmistry of the adrluct: is assi~n~d on the 
3 

basis of the vicinal P-C-C-H coupling ( J pCCH = 0 Hz). It was 

156 T . f . f h d'h d l observe d by Rene zra that \ PCCil 18 a unctlon 0 t e J. e ra 

angle in agreement \vi th Karr lus re la tionsh ip. Molecu lar mode l 

shows that for the exo adduct the dihcdral anr;le of P-C-C-H 

3 i 
would be close to 180 0 and therefore a J pCCH of 40 Hz would 

be observcd. 1 

• The IOn me. n. m. r. spectl"um shows amuI tiplet •. 

-~--------

, 
" 

, 

'" • .1 



The assign~ent of the orientation of the methylene bridge 

is based on two factors. The rather large differenc~ in chemicàl 

shifts of the tHo protons indicates that one of the proton must 

be stroncly shielded ~O.3 6) by ,the benzene ring. Also the 

absence of vicinal H-C-C-tI coupling beDvcen the 'ring junction 

protons and the bridgehead protons shows that they are qOo wi th 

respect' to each othe!". From inspection vof molecular models, thj s 
•• 

is more likely fo!" the strllcturA pronoseçl. 

It is more difficult to deduce the stereochemist~J at phos-

phorus. Normally, in t~e Diels-~lder rcùctjon, the more bulky 

group is away from the approaching diene. In the dimerization of 

1-ethoxyphospho1e 1-oxide 22 , the structur~ of the dimer 2'2 has 

been de terrrlineo by X-ray? 3 and found to he wi th the more bu1ky 

ethoxy Rroup away (~q. 7). ~ 

In order to confjrm the stp.reochcmistry of the adduct 160, 

the shift reagent tris(di~ivalo-mct,ano-praseodymium (lTI) 
) 

[Pr(DPM)3] was added jn var~ing é1mounts to a CDC13"'Soluti~ of __ 

160. A plo~ of chemical shift vs. [Pr(DP~)3]/[~ubstrate] ratio 

for various peaks in the n.m.r. s!,ec.,.tru'1l 'of 16r) in CnC1 3 measur~d 

at 60 MHz, is shOvln in fi~. 36. Tt vJas observed that the shi ft 

was in the decreasing order of pheny1i ,rinr; protons attacl1e'd to 
'/ ,. 

P=O>-3methine protons at the rinG j.unction> allylic methine 

protons) methine protons adjacent to P=I). Using the assumption 

that the multiplets corrcsponding to protons closes~t to t~e~ 
.. /. 15 59. 

complexed PI" atom should dlsplay the great·est slope ln 
,>-

-a.-n_lC?t, wc can conchlde~ that tl)e P::~ .~roup is on ;the side of 
1 

1 

the ping junctfon whereas the ,phl~nyl group,i~ at'lay from it, as 

shown in the struct~rq 160. 

,. 
" 

) . 
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1 

The prominent peaks in the mass spectrum of 2-phenyliso-

phosphindo1e 2-oxide-~orbonadiene adduct (160) (fig. 33) are 

"'at mIe 19lf and mIe' 128, arising from the successive 1055 of 

PhPO ,and cyclo!,entadi~ne from the molecula~Jion (mIe 318). 

other peaks are very weak compared to the peak at mIe 128. 
-

fragmentation pattern can be i11ustrated as follows: -

Ph, ~O , P 

-PhPO 

l~ 

ml e 194- . 

Attempted Generation of 2-Ph~nyl~pho5p~indole 

~ .. , , 

. ',,---, 

The 

The 

The ready availabi1ity of 2-phenylisophosphindoline 2-oxide 
~ 

has'led us to, investigateithe ~phosphindo1e ~ystem. However, 
, 

2-ph~nytisophosphindo1e 2-oxide (152) di~~rizes too rapid1y tc 

-rubJ.;~Jts iS'olation. ' Thus, reduction reactton of 152 to form 

l "" 2-p~e~YliSOP7sPhindole~ cannot be carried out. On the other 

- han'll, one 'Rlay expect that simul taneous dehydrobromination and 
• r. -

l ' 

~f'duction of the precursor lead -to -the 'expected product. Tri-

chl~;osilame-trieth~ine system seems to be appropriate for . ---
This purpose, so that triethy1amine may serve as the dehydro-

• .. 160 
brominating reagè~t as we11'as a catalyst for the reduction ------reacti9n with trichlorosilane • .... 

-~,. .. 
" 

1 1 
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Reduction of ~-1-Bromo-!-2-pheny1~hosphindoline 2-0xide with 

Trichlorosilane-Triethylamine 
( 

1 

!:-l-Bromo-·t-2-pheny1isophosphtndo1ine 2-oxide was reduced 
~ 

with excess trich1orosi1ane in the presence of excess triethy-

lamine. The reaction was carried out in ref1uxing benzene for 

36 hours. The reaction mixture, after working up, was separated 

by prepa~ative thin layer chromatography to afford 41% yield 

of a compound, the spectro§copic properties of which were in 

agreement'Hith 7-phenylisophosphindoline 2-oxide (121). 'Thus; 

it is 1ike1y that in this reaction, the reduction of -C-Br, 

rather than p=o has taken place. The formation of the product 

121 may be postulatcd as to proceed by way of the carbanion ion 

161 as fo11ows: -

+ NEt 3 < 

(142) -

, 

(161) 

+ 

@" 
HNEt, 

, . 

II> 

(121) 

.. 161 
This reaction 1s not surprising, in view of ,the report 

on a similar kind of reduction in carbonyl compounds (Eq. 80). 



, 
i 
r 

1 

j 

, 
1 

le 

\ '-1 

\ 

R 
1 

R-C-C-SR 
Il 1 
o Cl 

l , 

'l" 

, 

178 

\ 

R 
1 1 

R-C-C-SR ( 80) 
Il 1 

" o H 

The 'reduction reaction ~f !-1-bromo-!-2-pheny1isopho~phin

doline 2-oxide (142) , wheie the -Br is substitute'd at the Cl-position 
l ' 

of the p=o group should be contrasted with those of dibromophos-

pholanes 21 ,23,27 24 CEq. 9), where -Br substitution is at the 

a-posi tion. 

Th~ reduction of 1,1-dibromo-2-phenylisophosphindoline 2-oxide 

(143) with trichlorosilane-triethylarrdne system also led to the 

isolation of 2-phenylisophosphindoline 2-oxide (121) CEq. 81). 

tt is' likely that the dibromo cO'l\pound 'Ilas rerluced first to tlie 

monobromo compound which was further red~ced to 2-phenylisophos

phiido1i~e 2-oxide. 

Br Br 

~
" -' '" ~, ~ 0 . p 

~. .., """ Ph 
~ 

H H 

(143) 

, 

1 -
-Br H 

~O , ,.. 

.; 

H H .' 

(142) 

2-B~omo-2-phenylisophosphindolinium Bromide 

H H 
.... ..... 

' () 
) ~ P 

0:-
'" Ph 

H H 

( 121) 

It has been mentioned that if 2-bromo-2-phenylisophosphin

dolinium brçmide (149) can be synthesized, dehydrobrornination 

1 
. , 

C 81) 
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1 

, 

of this may 1ead to 2-pheny1~ho~phindole. The reduction 

of 2-phenylisophosphindo1ine 2-oxide to the corresponding phos-
1 

phine, followed by bromine addition seems to be a reasonable 

method for the preparation of 149. 

Thus, the reduct~on of 2-phenylisophosphindoline 2-oxide (121) 

was carried out with an excess of trichlorosilane, unde~ nitrogen 

in ref1uxing benzene for 36 hours. After the hydrolvsis of 
~ -

excess silane, the' corresponding phosphine, wi thout isolation 

was treated with bromine and the reaction mixture was stirred 

overnight. The yel10w solid was isolated, th'e mass spectrum 

of whic~ shOt-led a peak a't mIe 228 and at ml 158, 160, 162 in 
~ e 

1:2:1 intensity ratio. It: ~kely that 14;9 was formed and 

- it decomposed to brbmine and 2~phenylisophosphindoline which' 

was oxi0ised by 3ir te the phosphine oxide. The ~eaks at 

ml- It'8, 160, 162 is due tomolecularbromine and-the peak at e 

m/e ,228 May correspond to 2-nhenyl~sophosDhindoline 2-oxide. 

" 

Thus, i t is like ~y that ei ther 14q or 2-phenylisophosphindoline 
7'~ •. 

2-oxide-bromine complex HaR formed. 'However, the yield was very 

lo~. . 
1 

-
Attempted Peaction of !-l-~- 3-Dibromo-!.-2-phenyl~phosphindolinE' 

2-oX1ùe wi~h Ironnonacarhonyl 

The reports 162 ,163 on the properties of ironnonacarbonyl 

as dehalogenating and complexing reagent, led us to investigate 
1 

I the use of this reagent, in achieving our aim, as in the following 

proposed scherne. ... 



Rerhlc1;io 

Br H 

(144) 
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Fe 
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1 

o-Ph 

/1" co cq 
co 

ThU9, !: .. 1,~-3-dibromo-t-2-phenylisophosphindoline 2-oxide'.Y'

(144) was treated witH,excess ironnonacarbcnyl in henzene at 

room temperature for 15 hours. After filtration of excess iron-

nonacarhonyl and removal of solvent, there was ohtained a residue 

which showed tw0 brlnds at 2100 cm- 1 and 20 l lQ cm- 1 in its i.r. 

spectrum. This was different from t~at of the starting materia1 

tronnonacarbonyl164 , which exhibited three bands at ~080 cm-l, 

2034 cm-l an'd 1828 cm- 1 • Th t 1 dOff t e n.m.r. spcc rum was a so 1 eren 

from that of the starting material and it showed two multiplets 

at 7.5 0 and 2.9 6 respective1y. However, the mass spectrum 

showed on1y the'starting mat~rial. Hence, the product could 

~ot be positively identified. 

Bromination of 2-Ph~nyl~~phosphindole 2-0xide-l,4-Cyclohexadiene 

adduct 

Isoindole (5)114 and isobenzofuran (109)112,115 have been 
. 

prepared by Retro-Die1s-A1der reaction (Eq. 43 and 44). 

It is felt that isophôsphindole may also be s~~thesi~ed in 

an an..?l~ous manner by the' fol1owing proposed scheme. 
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Ph~ ~O 
P 

,t 
',' 

Dehydrobrornination 
, ), 

.', 

, , 

/ 
," 

1) Redttc.tion 
) 

2) A 

Bromine 
) 

Addition 

+ 

Ph ... ~ 0 
~P~ 

Br 

Br 

Thus, 2-phenylisophosphindole 2-oxide-l,4-cyc1ohexadiene 

adduct was brominated at !'Qom tempe rature in chloroform for 20 
" 

After removal of excess bromine and solvent, there was' 

obtained 85% yield of a new compound as a light yellow crystal .. 

It was assigned to the structure 162 (Eq. 82) on the basis of 

its spectroscopie properties. ~ 

" 

1 

1 " 

) 

~. 
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'" 
( Ph, ~O Ph, 

P 

If 9r 
-Br? 

) ( 82) 

Br 

(159) (162) 

The infrared spectrum of dibromo com~ound 162 shows a stronp, 

p=o stretching at 1710 cm- l and 8tron~ 

1100 cm- J and 700 - 800 cm-l. 

. -1 
phenyl bands at 1450 cm , 

The 220 MHz spectrum of 11)? exhibits a q-H multiplet at 

7.2 cS for the 'aromatic proton, UoJO multiplets at 4.5 c5 and 

I~. 3 cS for the t'Wo methine protons attach~d to -Br, a 2-H multi

plet at 3.6 6 for the methine protons adiacent to P=O group, a 

2-H multiplet at 3.5 cS for the methine protons at the ring junc

tion, a 2-H m~ltiplet at 2.0 cS for the equatorial methylene pro

tons and a 2-H multiplet at 1. 3 ,1) fo~, the axial methylene protons. 

The mass spectrum of 162 features P(m/e 464), P+2(m/e It66) 

and P+4(m/ e 46B) in 1:2:1 intensity ratio. Loss of Br radical 

from the molecular ion provides the peaks at mIe 385 and 38,7 in 

1:1 intensity ratio. The mo1ecular ion also loses Br2 ,to give 

risé to a peak at mIe 306, which further'l, eliminates CH2=CH-CH:CH 2 

and PhPO to provide the base peak at mIe 12B. The other peaks 

are at mIe 305, and 181. The fragmentation pattern is i11ustrated 

in Scheme XXV. 



'. ...;r 

Scheme XXV 

Ph ..... ,0 
'p ,. 

mIe 464 

Ph, ~O 
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mie 385 

··--0 ·1 
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1 

-Br. 
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Br -HBr 
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Ph .... ~o 
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.,+ 
• 

Br 

CO + [cPhP=OJ 
~ ~ 

mIe 128 

Ph, ~O 
p~ .,+ 

)0 

ml e 305 

l-PhPO 
,+ ·CCO 

~ ~ 

mIe 181 
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Dehydrobromination of the Dibromo derivative of 2-Phenyliso

phosphindole 2-0xide-l, 4-Cyclohexadtene adduct 

The dibromo compound .162 was dehydrobrominated wi th excess 
1 

DBN in refluxing benzene for 20 bours. Thin layer chromatogrqphy 
\ -, 

of the reaction mixture, afte~ working ~p, revealed that a new 

compound was formed. Hm..Jever, the mass and n .m. r. speQ.tra showed 

that the new co~pound was li~ely to be 163 (Eq. 83), rather than 

the diene. 

Ph, ~o 
.P 

(162) 
. , 

) 
1 , , 

Ph, \ 

DBN Br 

-HWr 

• 1 

It is probable that because of the ste~ochemistry of the 

dibrom~ compound 162, the base attach~d prefe~ntially at 2-
• t 

or 3- posi tion rathe!' than at 1- and 4- posi tio.ns. 
\ ' 

The n.m.!'. spectrum of 163 shows a 9-H multiplet at 7.3 ~ 
1 , 

( R 3) 

for the aromatic protons, a ~H multiplet at 5.9 ~ for the ole-
,~ " 

finÎ'e proton, a 2-H m~ltÏ:'Plet at 3.5 ô for the methine protôns , 

adjacent to P=O, a 2-H multip,let' at 3.2 5 for the methine protons 

at the ring junction, a 2-H multiplet at 2.5 5 for the equatorial 



allylic proton , and a 2-H mul tiplet at 1. 3 ~ for the axial 

ally1ic prot ns. 

185 

The m ,s spectrum of 163 exhibits P(m/e 384) and P+2(m/e 386) 

in 1:1 intensity ratio. Loss of -Br radical from the molecular 

ion provides the peak at mIe 305. The ~ase peak at mIe 128 may 

arise from the 10ss of PhPO and C4HS moi~ties from the peak ~t 
. 

mie 305. The fragmentation pattern is· depicted in Scheme XXVI. 

Scheme XXVI 

Ph, ..-:: 0 p .... 

Br -Br. 
) 

Ph, ....:: 0 
p" 

ml e 305 

----------- --------.------- -7flJ - 1~t8-
e 

+ ~-+ [PhP=O] :::J 

•. :. ' 

\ 
) 
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Free Radical Bromination of 2-Pheny1~phosphindo1e 2-0xide-

1,4-Cyclohexadiene adduct 

Since the attempted dehydrobromination ~!:._~;~, 
162 was unsuccessful, we considered an alternative route to 

achieve the Retro-Diels-Alder reaction. 

Ph... ,&0 
'p~ 

NBS \ . 
1 

) 
(C6H

5 
COO) 2 

1 

Ph .... ~ 
0 

JI 

f~ \ ' ' r 
\\ . . . . . 

P 
.~ 

r • *> 

1) Reduction 
+ 

2) Â 

Thus, 2-phenylis·ophosphindol-e. 2-oxide-l,'J-cyclohexadiene 

adduct was brominated with equal molar quantity of recry~tallized 

N ' , 'd q3 , th f atalytl'c amount of -bromosucclnlml e , ln e presence 0 a c 
1 

benzoyl peroxide, in refluxing benzene for 48 hours. The residue, 

( 
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after working up was separated by thin layer chromatography to 

give anthracene (40\ yield) as major product. Tt was identical .. . aIl respects with au.:thentic sample. Also isolated as mi.nor 1n 

products were 164, 165 which were identified by -mass spectro-

metry. The formation of anthracene can be derived by the fo110-

wing 'l'ô'ü'te. 

Ph, ~O 
P 

(159) (164) 

-PhP0 
( 

+ 

" 

Ph, ~O 
P 

(165) 

l-HRr ' 

Ph ....... 

The present approach to ~he diene is therefbre not a pro-
, .\ . , 

1 

fitable one. Tt is interesting to note however, that 2-phenyl-, 
~ 

isophosphindole 2-oxide may serve as a useful synthetic inter-p - " . 
Mediate to yield anthracene and its ·derivatives. 

... 
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CHAPTER 3 

EXPERIMENTAL SÈCTION 

, 
< 188 

. 1) A1l melting points are uncorrected. 

, 
2) Nuclear magnetic resonance (n.m.r.) spectrum we~ record~d 

/ 

3) 

on Varian T'-60 and Varian" HA-lOO ,spectrometers. The 220 MHz 

spectra were l'un by the 220 HHz laboratory ~ Sheridan Park, 
'\ 

Ontario. Unless otherwise mentioned, all the n.m.r. spectra 

were ~aken in deuteriochloroform (CDC1 3 ). 
, ~ 

Tet~amethylsilane 

(TMS) was gener~lly used as either an external or internal 

standard.' kIl proton spectra are reported in ô units re1a-

tive ta tetram~thylsilape (TMS). Abbreviations used in 

reporting of n.m.r. spectra are: s, singlet; d, doublet; , 
11 

~ t, triplet; q, quintet; m, multiplet. 

1 
Infrared (i.r.) spectra were recorded on a Perkin-Elmer 

" 
Model 257 spect~ophotometer and a Unicam SP 1000 spectro-

phot~~eter with polystyrene calibration. Solid samples 

were taken as KBr pellets, and liquid samples eithe~_as 

thin film (neat) or in chloroform or carbontetrachloride. 

d 

, 

4) Mass spectra were recordeq on AEI MS-902 mass spec~rometer 

... at a temperature of 100-'150°. The operatipg condi ti'ons 
" " 

were a 70€ ev e1ectron energy, resolution of 1000 an.~ S KV 

accelerating voltage. 

5) Ultravi'olet (u.v.) spectra were recorded on a~ 'JJnicam SP 

" 
l' 
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. 
800 A UV spectrophotomete~. 

'" l 
) 

,t'\4 .,t 

6) ,'Organic Microartalys:e~s were performed by. Scandanavian Micro-

analytical Laboratories, Herlev, Denmark and Organic Micro
- 1 

analyses (Dr. C. Daessle) ,'Montreal, Canada. P 

7) ! Benzene and to1uene were dried and disti1led over ~odium wire. 
( 

) 

a) Thin layer chromatograms were run on silica gel ~heets with 

fluo~scent indicator made b~ Eastman' Organic Chemica1s. 

1 

9)' Prepa~ative thin layer chromatography was performed on silica 

gel (HF 254 + 366 according to Stahl, made by E.M. Damsterdt 

Company, Germany) plat~s and were developed in ethyl acetatè 
~ / 

unless otherwise stated. 

'" 

, 
-~ 

10) ~o-lumn chromatography was performed on silica gel (mesh 

• 

size 100-200), Grade 923, made by Davison Chemicals. 
" 

.. 
D 

'/ 
, . 

, . 
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1 , \ 

E,E-1,4-Diacetoxybutadiene , 

.. 

This compound was prepared by the method of Hill and 

Carlson
S7

• It had m.p. 103-104° (Lit. S7 m.p. 103-104°) • 
.J 

1,1,1-Trichloro2hospholene 

The above compound was prepared according to the method 

of Hasserodt, Hunger and Korte 83 as follows: 

A mixture of l3.5g (0.25 mole)' of butadiene and 3lJ.4g 

190 

(0.25 mole) of phosphorus trichloride were kept ln the pressure 

bbttle together with O.4g of copper stearate as poly~erization 

inhibitor, at room temperature for 45 days. 

The bottle was opened in a glove bag and the unreacted phos-
1 

phorus trichloride was removed by repeated decantation with 

dried petr6leum ether (b.p. 30-60°). The ye11o~ish brown product 

was then dried in vacuo. Yield: 28g i (58%>. 

~ I-Ethoxy-2-phospholene l-Oxide 
,. . 

This compound was prepa~ed by the method of Hasserodt, Hunger 

and Korte 83 • To a suspension of 24g (0.125 mole) of l,l,l-tri-
" 

chloroPhosphOlene_~;r 150 ml of dry methylene chloride at -10° 

(dry ice/ace~one b~th> was added slowly 17.2 g (0.375 mole) of 
',- .. 

absolute ethanol: 'After the '~âdi tion, the reaction (mixture was 
~ ! 

warmed to room temper~ture anà stirred for 2 hrs. The solvent 

wasl evaporated and the re.si~ue was dried in vacuo for l hr. to 
-, 
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give a dark brown oil, which on vacuum distillation gave 5.4 g 
--

(30\) of l-ethoxy-2-phospho1ene 1-oxide, b.p. 110%.75 mm; 

J Li t. 8 3 b. P • 7 5 ° - 7 80 10 • 1 mm). 

Reaction of E ,E-1, 4-diacetoxybutadiene wi th 1-E thoxy-2-
c 

phospho1ene l-Oxide 

A mixture of '1 g (0.006 mole) of E ,E-l ,4-di acetoxybutadiene, 

0.86 g (0.006 mole) of l-ethoxy-2-phospholene l-oxide and a 

pinch of hydroquinone was he~fed in a sealed tube at 135 0 for 

7 days. The sealed tube was opened and the dark residue was 

dissolved in 20 ml of 95\ ethanol. A quantity of 0.6 g of sodium 

hydroxide was added and the reaction mixture was refluxed for 

12 hrs. The flask was cooled in an ice-bath and excess sodium . 
hydroxide was neutralized with 5% hydrochloric acid solution. 

The precipitate formed was filtered and the filtrate was extracted 

wi th chloroform. The orp,anic layer was dried over anhydrous 
-" 

MgS0 4 , filtered and the solvent was evaporated. COlu~ chroma-

tography of the reaction~ixture on silica gel, eluting with 

ethy1 acetate afforded 0.16 g. (25% based on the reacted 1-ethoxy-

2-phospholene l-oxide) of l-ethoxy-2,3-dihydrobenzo[b]phosphole 

l-oxide as liquide A quantity of 0.34 g. (40%) of l-ethoxy-2-

phospholene 1-oxide was recovered. 

n.m.r. spectrum Ô
TMS 

(CDC1 3): 7.5 (m, 4H, Ar-H) ; 4.2 (q, 2H, 

-O-CH 2-); 3.1 (m, 2H, ArCH 2 ) ; 2.2 (m, 2H, -CH 2 ) ; 1.3 (t, 3H, -CH3 )· 

-1 -1 
i. r. spectTum "max (CHC1 3 ) : 1260 cm (p=O) ; 1600 cm (C= C) • 
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mass spectrum: mIe 196 (79.5\); mIe 168 (loot); mIe 167 (74\); 

mIe 151 (50\); mIe 104 (28%). 

Anal. Ca1cd. for C10H13P02: C, 61.22\; H, ~.68\; P, 15.79\; 

Found: C, 61.07t; H, 6.81t; P, 15.85t; 

.i..;'/1 
"t: 
,~romination of l-Ethoxy-2,3-dihydrobenzo[b]phosphole l-Oxide 

, 
To a solution of 0.1 g' (0.5 rn mole) of l-ethoxy-2,3-dihydro-' 

benzo[~]phospho1e l-oxide in 20 m~f dry 

0.09 g (0.5 m mole) of N-bromosuc~~ide 
93 

water as described by Dauben and McCoy ) 

• bcnzene was added 

(recrystallized from 

and a few grains of 

benzoyl peroxide. The reaction mixture was refluxed for 12 hrs. 

and cooled. Benzene was evaporated and after the addition of 

anhydrous ether, the insoluble succinimide was fi1tercd. The 

solvent was then evaporated to give a dark residue, which on 

separation by preparative thin layer chromatography afforded 

0.04 g (30%) of l-ethoxy-3-bromo-2~3-~ihydrobenzo[b]phospho1e 
t -

l-oxide as a colour1ess oil. 

n.m.r. spectrum 6
TMS 

(CDC1 3): 7.6 (m, 4-H, Ar-H); SiG (m, 'l-H, 
1 

ArCH-); '2.7 (m, 2-H, -CH 2 ); 4.3 (m, 2-H, -CH 2-O-); 1.3 (t, 3-H, 

-CH 3 ) • 

i. r. spectrum "max. (CHC13 ) : 
~! 

-1 -1 
1270 cm (P=O); 1601 cm (C=C). 

mass spectrum: mIe 276 (3.3\); mIe 274 (3.3\); mIe 195 (40%); 
, 

mIe 194 (26.7%); mIe 167 (33.3%); mIe 166 (66.6\); mIe 165 (10.6\); 
r 

mIe 149 (100%); mIe 102 (13.4\). 
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l-Ethoxyben zo[b ]phos phole l-oxide 

,..j 
t 

~ 

To a solution of 0.14 g (0- •. 5 m mole) of 1.-ethoxy-f-bromo-2,3-
, " 

dihydroben zof!2.1phospholé 1-oxide in 15 ml qf dry benzene was " 
ô 

added.O.2 g (2 m ~oles) of triethylamine and the reaction mixture ) ,~ 

was stirred overn{ght. The triethylaminchydrobromide salt w~s 
vi 

filtered and the solvent was removed from the filtrate. The 

: \ 
waS separated by preparative thin layer chromatography 

t e 0.043 g (45%) of 1-ethoiybenzo[~]phosphole l-oxidè as 

. an 
.,. 

n.m.r. spectrum ô
TMS 

(CDC13): 7.4 '(m, 4-H, Ar-H); 6.6 (6 1ines, 
, 

2-H, viny1ic protons); 4.2 (q, 2-H, -CH 2-O-); 1.3 (t, 3-H, -CH
3
). 

i.r. 
~ -1 

spectrum ~max (CHCI 3 ): ,1300 ëm- "~(P=O); 1601 cm and 

159Q 
-1 ! 

cm (C=C>. 

1 
mass spectrurn: m/e ,194 (66./S\); mIe 166 (100%); mIe 165 (16.7\); 

, 
mIe 149 (77.8\); mIe 102 (33.3%). 

Anal. Ca1cd. for CIOHIIP02: C, 61.86\; H, 5.71%; 

round: C, 62.02%; H, 5.81%; 
A 

Attempted Reduction of l-Ethoxy-2,3~dihydrobenzo[b]phosphole 

~-Oxide with Trich1orosilane 

To a solution of 0.05 g (0.25 m mole) of l-ethoxy-2,3-dihydro

benzc[b]phosphole l-oxide in 10 ml of dry benzene was added a 

solution of 0.1 g (0.75 m mole) of trichlorosilane in 10 ml of 

". ' 
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~ dry behzene, under ni trogejl. The reaction mixture was re..f1uxed 

for 10 hm. t cooled in an ice-bath and hydrolysed wi th 30% NaOH 

so·lution •. The organic l:yer was washed Jice with water, dried 
II 

'over anhydrous MgS04 , filtered and the solvent removed. Starting 

material was recovered almost quantitatively. Thin layer chro-

matography and i.r. spectrum of the residue revealed that no 

reaction had taken place. There was no evidence of the P-H 

stretching band in the i.r. spectrum. 

Attempted Reduction of l-Ethoxy-2,3-di~ydrobenzo[b]phosphole 
, 

l-Oxide with Phenylsi1ane 

A solution of 0.05 g <0.5 m mole) of phenylsilane in 10 ml 
1 .. 

of dry toluene was added to a solution of 0.05 g <0.25 m,mole) JI' 
of l-ethoxy-2,3-dihydrobenzo[~]phosphole l-oxide in 10 ml of 

toluene, under nitrogen. The reaction mixture was refluxed 
'Jr.~ 

f~r 20 hrs. and t~e solvent removed. Thin layer'chromatogra~hy 

and i.r. spectrum of the residue showed that no reaction had 

occurred. 

Attempted Reduction of l-Ethoxy-2,3-dihydrobenzo[~]phosphole 

l-Oxide with Diphenylsilane 

To a solution of O.Ob g <0.25 m mole) of l-ethoxy-2,3-dihydro

benzo[b]phospho1e l-oxide in 10 ml of dry benzene was aqded 

a solution JOf 0.09 g CP. 5 m mole) of diphenylsi 1ane in 10 ml 

of dry benzene, under nitrogen. The solvent was removJd after 

2 
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reflux.ing for 12 hrs. Nei ther th in layer chromatography nor 

i.r. spectrum of the residue showed the formation of any'new 
" -

product. 

Attempted Reduction of I-Ethoxy-2 ,3-dihydrobenzo[~Jphosphole 

l-Oxide with Lithium Aluminium Hydride 

To a suspension of 0.004 g (1 m mole) of lithium alumini~m 

hydride in l~ ml of sodium dried ether was added a solution of , 

0.05 g (0.25 m mole) of l-ethoxy-2,3-dihydrobenzo[b]phosphole 
~ -' -
l-oxide in 10 ml of sodium dried ether, under nitrogen. After 1 

the addition, the reaction mixture was refluxed for 24 hrs. 

and cooled in an ice-bath. Exccss lithium aluminium hydride 

was destroyed by adding ethyl acetate, the precipitate formed 

was filtered and the solvent removed from the filtrate. Thin 

layer chromatq~raphy, i.r. and n.m.r. spectra of the residue 
, ,l, 

showed only the starting m~terial. 
i 

The s tarting ma terial wâ's ~~ 

recovered almost quanti tati vely. 

Ethyl < 2 t -bromomethyl-ben zy 1) ph~nylphosphina te 
• 

, ~~ ,. 
( , 

, 
A quantity of 3.96 g <0.02 mole) diethyl phen~lphosphonite 

was added dropwise to 5.26 g (0.02 mole) of o-xylylene dibromide 

at 90°. Ethyl bromide as formed was distilled from the reaction 

mixture and collected in a trap, cooled in a dry-ice bath. 

After the addition, the reaction mixture was heated at 90° for 

another 2 hrs. Column chromatography of the reaction mixture 
• 

j • 
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on si1ica gel, eluting with ethy1 acetate gave 3.2 g (45%) of 

ethyl <2'-bromomethy1-benzy1)pheny1phosphinate as white crystals. 

m.p. 93-95° (hexane/ehloroform). 

n.m.r. spectrum ô
TMS 

(CDC13): 7.4 (m, 9-H, Ar-H); 4.5 (s, 2-H, 

ArCH2-); 3.8 (q, 2-H, -CH 2-O); 3.3-3.7 (2 overlabped d, 2-H, 

J p_CH = 20Hz and 18Hz; ArCH 2-PO); 1.2 (t, 3-H, -CH 3). 

i.r. spectrum " (KBr): 1220 cm-l,\ (P=O); 1040 em- 1 
and 1160 

max -1 -1 1 
(P-0-_C 2HS>; 1440 cm , 700-800 cm (Ph). 

-1 
cm 

mass spectrum: mIe 354 (27.8%); mie 352 (27.8%); mie 273 (44.5%); 

mIe 245 (11%); mie 244 (16.5%); mie 181 (44~S't); mie 179 (11%>; 
c 

mIe 104 (100%). • 

Anal. Caled. for ClsHlSP02Br: C, 54.42%; H, 5.14%; Br, 22.62%; 

Found: C, 54.28%; H, 5.25%; Br, 22.98%; 

Reaction of Ethyl (2'-bromomethy1-benzyl)phenylphosphinate 

• h V' . d R 126 W1t 1trl e eagent 

To a stirred solution of 1.76 g (5 m mole) of ethy1 (2'

bromomethyl-benzyl)phenylphosphinate in 200 ml of dry, benzene 

at room temperature, under nitrogen, was added dropwise a solution 

of 1.21 g (G m mole) of Vitride reagent in 200 ml of dry benzene. 

After the addition, the reaction mixture was refluxed for 48 hrs. 

The solution became cloudy wi th the formation of sodium bromide 

after seyeral minutes. The reaction mixture was hydrolysed 

with 8 ml of water and filtered. The filtrate was dried over 
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anhydrous MeSOif, fi1tered and the solvent removed. The residue, 

when chromatographft4 on silica gel, eluting with ethy1 acetate 

afforded 0.15 g (13%) of 2-phenyli~ophosphindoline 2-oxide as 

white crysta1s. m.p. 85-87°. Ana1ytica1 samp1e was obtained 

by ~ub1imatièn at 100°/ 12 mm' rn.p. 89-91° (after drying over 

P2 0S at 60°/ 0 • 1 mm' Lit.
69 

98-100° for monohydrate) 
-

n.m.r. spectrum (100 MHz) 6TMS (CDCI 3): 7.5-8.0 (m, 5-H, -Ph-P); 

7.4 (s, if-H, Ar-H); 3.S-3.3 (Part of ABX, 4-H, -CH 2 , J
AS

=17,. 

J AX =16, J SX=9 Hz),. 

", -1 -1-1 
i. l'. spectru'lI "max (KSr): 1210 cm (P=O); 1440 cm , 1100 cm 

and 700-800 cm- 1 (Ph). 

mass spectrum: mIe 228 (100%); mIe 104 (60%); mIe 103 (20%); 

ml e 78 (22.5%); mIe 77 (20%). 

Anal. Ca1ed. for C14H13PO.II2H20: C, 70.91%; H, 5.95%; 

F O\.m d : C, 71. 19 %; H, 5. 8 7 % ; 

Diethyl Phe~hosphonate 
/ 

Diethyl phenylphosphonate was prep-ared by the slightly mo-
'. 

131 
dified method of Siddall, III and Prohaska • 

To a weIl stirred mixture of 6.9 g (0.15 mole) of absolute 

ethanol and 12.6 g (0.125 mole) of triethy1amine in 100 ml of 

dry benzene was added dropwise p solu1;ion of 9.8 g (0.05 mole) 

of phenyl phosphonicdiehloride in 50 ml of dry benzene ~ while 

the flask was cooled in an iee-bath. The solution turned milky 
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~ 'during "the addition. After the addition, the reaqtion mixture 

was stirred overnight at ropm temperature. 
" 

. 'The triethylaminehydrochloride salt was fil tered off and 

the filtrate was washed twice wfth water. The organic layer 

was dried over anhydrous MgS0
4

, fil tered and the solvent removed. 

Vacuum distillation of the crude mixture afforded 7.3 g (68%} 

of diethyl phenylphosphonate as colourless liquid. b.p. lOOo/8.5mm 

( . 131 1 01 ) L1 t. b • P • 121- 2 3 2 mm • 

Reaction of Diethyl T3henylphosphonate wi th Vi t,ride Reagent 

To a weIl stirred solution of 6.42 g (0.03 mole) of diethyl 

phenylphosphonate in 250 ml of dry benzene at room temperature 
\ 1 

was added dropwise 15.15 g (0.075 mole) of Vitride reagent in 

300 ml of dry benzene. The solution turned yellow during the 

addition. A solution of 7.89 g (0.03 mole) of o-xylylene dibro-

mide in 250 ml of dry benzene was then added dropwise. During 

the addition the yellow colour discharged and the solution became 
-

cloudy with the formation of sodium bromide. After the addition, 

the reaction mixturé was heated at 70° for 48 hrs. The mixture 

was cooled, hydrolysed with 15 ml of water and filtered. The 
. 

f{l trate was dried over anhydrous MgS0 4 , fi 1 tered and the solvent 

was removed to give B g of residue of crude 2-phenylisophosphin

doline 2-oxide as shown.by n.m.r. Column chromatography of the 

residue on silica gel, eluting with ethyl acetate, afforded 

)..03 g - 1.3 g (15\-20\) of the crystalline sample. m.p. 89-91°. 

The spectroscopie data of the produet are identical in aIl respects 
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with 2-pheny1isophosphindoline ~o~ide obtained by the previous 

\". experiment. 

Reaction of Ethy1(2'-bromomethy1-benzy1)phenylphosphinate with 

Trichlorosilane 

To a stirred solution of 0.35 g (1 m mole) of ethyl(2'-bromo

methyl-b~nzyl)phenylphosphinate in 30 ml of dry benzene at room 

temperature, under nitrogen was added dropwise a solution of 

0.41 g (3 m mole) of trichlorosilane in 10 ml of dry benzene. 

After the addition, the reaction mixture was refluxed for 48 hrs., 

then cooled, and hydrolysed wi th 30% NaOH solution. The silica 

was filtered and the filtrate was washed twice with water. The 

organic layer was dried over anhydrous MgS0 4 , filtered and the 

solvent was removed. Preparative thin layer chromatography of 

the residue gave 0.03 g (12%) of 2-phenylisophosphindoline 2-oxide 

as white crystals. m.p. 89-91°. 

r 

Reduction of 2-Phenylisophosphindoline 2-0xide and Quaternization 

wi th Methyl Iodide 

To a stirred solution of 0.23 g (1 m mole) of 2-phenyliso

phosphindoline 2-oxide in 20 ml of dry benzene was added drop, 
wise a solution of 0.41 g (3 m mole) of trichlorosilane in-20 ml 

of, dry benzene, under ni trogen. The reaction mixture was refluxed 

for 48 hrs., after the add~tion. After cooling and hydrolysis 

with 30\ NaOH solution, the reaction mixture was filtered and 

--
'1 
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the filtrate was washed twice with water. The organic layer 

was dried ove,r anhydrous MgS0 4 and filtered into a three-necked 

flask equipped with nitrogen in1et, a reflux condenser and a 

dropping tunnel. A quantity of 0.57 g (4 m mole) of methyl 

iodide was added dropwise under nitrogen and the reaction mixture 

was stirred overnight at room temperature. The white solid 

(2-methyl-2-phenylisophosphindo1inium iodide) was filtered and 

recrysta11ized from absolute ethanol. Yield - 0.09 g (25%) 

m.p. 205-207° (' 6 B Ll t. m. p. 207-209°) • 

i.r. 
-1 -1 

spectrum v (KBr): 1320 cm (P-CH 3 ) , 1440 cm , 
max 

-1- -1 1120 cm and 700- 800 cm (Ph). 

Die thyl ( 2' -bromome thyl) ben zylphosphonate . 

To 2.63 g (0.01 mole) of o-xylylene dibromide at 90°,1.7 g 

(0.01 mole) of fresh1y distilled triethyl phosphite was added 

dropwise. Ethy1 bromide was dis tilled as formed from the reaction 
" ' 

mixture and co11ected in a trap, cooled in a dry--ice bath. After C) 

the addition, the reaction mixture was heated at 90° for another 

9 hrs. and cooled. It was chromatographed on silica gel, eluti1ng 

with ethyl acetate to give 1.6 gC (50%) of diethyl(2'-bromomethyl)

benzylphosphonate as ye110w oil. 

n.m.r. spèctrum ~TMS (CDC1 3 ): 7.3 - 7.8 (m, 4-H, Ar-H); 4.9 

(s, 2-H, ArCH
2
-); 4.3 (q, If-H, -CH 20-); 3.5 (d, 2-H, ArCH 2PO, 

Jp _ CH = 24 HZ)~ 1.4 ~t, 6-H, -CH 3). 

i.r. spectrum "max (Film): 1250 cm-1 (P=O); 1020 cm-
1 

and 
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mass spectrum: mIe 322 (37.5\); mIe 320 (37.5\); mIe 241 (~2.5%); 

mIe 213 (25%); mIe 212 (12.5\); mIe 185 (iOO%); mie 104 (87.5%'). 

Anal. Ca1cd. for C12H18P03Br: C, 44.86\; H, 5.64\; Br, 24.84%,; 1 

Found: C, 4 .... 34%; H, 5.83%; Br, 24.72%; 

Thermal Cycli zation of Diethyl( 2' -brolT\Pmethyl)ben zy1phosphonate 

When the above experimept was carried out at a temperature 
" 

·'hig,her than 90°, diethyl(2'-bromomethyl)benzy1phosphon~t~ under

went thermal cyclization to'give 2-ethoxy-3-oxa-l,2,3,4.";'llet!'a

hydroisophosph~noline 2-oxide in 25% yield. 

n.m.r. spectrum 0TMS (CDC1 3 ): 7.5 (m, lt-H, Ar-H); 5.5 (-d, 2-11. 

ArCH 2-O, J p _
CH 

= 16 Hz); 4.4 (q, 2-H, -CH 2-O); 3.3 (d, 2-H, 

ArCH 2-, J p_
CH 

= 20 Hz); 1.4 Ct, 3-H, -CH 3 ). 
\ 

l} , 

a 

Reaction of Diethyl( 2' -bromome thyl)benzylphosphonate wi th M :'Àesium 

A suspension 0{ 0.03 g (1 m mole) of magnesium powder (mesh 

size - 50) in 5 m1i dry benzene was stirred magnemca11y in," 

a 2S ml three-necked f1ask, equipped with nitrogen inlet, a 

reflux condenser and a dropping funnel. A solution of 0.32 g 

(1 m mole) of diethyl(2'-bromomethyl)benzylphosphoryate in 10 ml 

of dry benzene was added dropwise. A few crystal of iodine was 

added and the flasK was warmed with a smalt f1ame to initiate 
• 

~he reaction. When the addition was complete, the reaction 
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l 
mixture was refluxed for 2~ hrs. The flask was copled and the 

contents in the f.lask w,ere poured onto the crushed ice containing 

v 2 ml of 5% sulfuric acid solution. Saturated ammonium chloride 

_solution was also,added to hydrolyse the magnesium salt. The 
l , 

organic layer was separated and the aqueous laye~ was extr~cted 

with ether. The extracts were combined, dried over anhydrous 

MgS0 4 , filtered "and the solvent ~moved. The residue was se,,

parated by preparative thin layer chromatography to afford two 

compounds. They were identified as the hydrolysed product (Rf 

) value: 0.47) and the coupled product (Rf value = 0.38) of the 

\ Grignard reagent of the starting material. 0.05 g (20% yield) 

of hydrolysed product and 0.07 g (30% yield) of coupled product 

were obtained. 
~ 

Attempt of the same reacti@n on higher,dilution ~;o~gave 

the same products. 

<\1 
DiethyH 2' -me thyl)ben zVlphosphonate (Hydrolysed product) 

" 

n.m.r. spectrum 15 TMS (CDC1 3 ): 7.~ (m, 4-H, Ar-H); 4.1 (q, 4-H, 

-CH 2-O); 3.3 (d, 2-H, ArCH
2
-, J = 22 Hz); 2.5 (s, 3-H, ArCH 3); 

P-CH 

1.3 (t, 6 -H, - CH 3). 

\ 
mass spectrum: mIe 242 (75%); mIe 227 (8.3%); mIe 214 (25\); 

1 

mIe 199 (8.3\); 'mfe 186 (50%); tn/e 105 (100%); mIe 104 (80\). 

;, 

l! 2-~i r 0- (diethylnh,osphonato-methyl )l1henvlJ.".-thane (Couple d nroduct) , 

1 

n.m. r. spectrum <5 THS (CDC13 ): 7.~ (m, 8-H, ArtH~,' 4.1 (q,U 8-H, 



e 
\. 

'\ 

, 

t 

203 

"'CH2 -O} ; ~.2 ( d, 14-H, ArCH2PO-, J = P-CH 
214 Hz) ; 3.1 (s, 14-H, 

ArCH 2-); 1.2 (t, 1"2-H, " -CH 3)· 

-
mass spectrum: ml e 14S2 ( 10 Dt) ; mIe 2141 (lS.S\); mIe 213 (S.3%); 

1 

mIe 196 (lS. 6\); mIe lS5 (Sot); mIe 1814 (lS.6\); mIe 168 (S.3\); 

mIe 167 (S.3t); mIe 105 (16.6\) ; mIe 10 tt (S3\). 
1 

" p 

- "\ 

Re~jction of niethyl(2'-bromomethyl)benzylphosphonate with Lithium 

~ To a ;,suspension of 0.014 g (6 m mole) of li thiAlm powder in 

3D-ml of sodium dried ether und~r nitrogen, was added dropwise 

a sO,lution of 0.32 g (1 m mole) of die thylC2_~."-bromomethyl)benzyl

phosphonate in 3S ml of sodium dried ether. After the addition, 
-

the reaction mixture was stirred at room temperature for 12 hrs. 

Excess lithium and li thium bromide were fi"l tered. The f~l trate 
j , 

was concentrated by distilling off e~her, under nitrogen and 

75 ml of dry benzene was added. The reaction mixture was re-
j 

fluxed for 214 hrs., cooled, and poured onto crushed ice containing 
~ ... 

• 5\ sulfuric acid solutiOl;t. Saturated ammonium chloride solution 

was also added. The organic layep was separated and the a~ueous 

layer was extracted with benzene. The aombined organic phase 

was then dried over anhydrouê MgSO q , filt~red and the solvent 
n 

removed. S~paration of the reaction mixture by preparative thin 

l,~yer chromatography afforded the sante produ~ts in about the 

same yield as in the case of the reaction with Magnesium • 

• 
, il 
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Diisopro?yl(21-bromomethyl)benzylphosphonat~ 

'~ 

204 

A quantity of 2.08 g (o.Ol'm~) of freshly distilled tri

isopropyl phosphite was- added dropwise to 2.63 g (0.01 mole) 

of o-xy~ylene dibromide at 130°. Isopropyl bromide as formed 
J.. t 

was distilled fromlthe reaction mixture and collected in a cold 

trap. After the addition, the reaction mixture was heated at 

130 0 for another 2 hrs. Column chromatography of the reaction 

mixture on silica gel, eluting with ethyl acetate afforded 1.4 g 

(40%) of diisopropyl(2'-bromomethyl)henzylphosphonate as yellow 

oil. 

n'm.r. spectrum ô
TMS 

(CDC1 3): 7.2 - 7.7 (m, 4-H, Ar-H); 4.9 

(s, 2-H, ArCH 2-); 4 .. :7 (m, 2-H". -CH~); 3.4' (d, 2-H, ArCH 2PO, 

J p_
CH 

= 24 Hz); 1.3 (2d, l2-H, -CH 3 ). 

-1 -1 i.r. spectrum" (Film): 1260 cm (P=O); 1020 cm and max 
-1 -1 -1 (' 1150 cm (P-O-C); 1390 cm , 1395 cm 1sopropyl). 

"-
mass spectrum~ mIe 350 (10%); mIe 348 (10%); mIe 308 (5%); 

mIe 306 (~%); mIe 269 (10%); mIe 264 (10%); mIe 247 (10%); 

mIe 185 (100%); mIe 184 (10%); mIe 104 (60\). 

Anal. Calcd. for C14H22P03Br: C'",}8.l6%; H, 6.35%, Br, 22.89\; 
a Fou n d : C , 4 8 • 0 9'; H, 6. 40%; Br, 2 2 • 5 7 % ; 

Thermal Cyclization of Diisopropyl(2'~bromomethyl)benzylphosphonate 

When the above experiment was carried out at the tempe rature 
1 
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higher than 130°, diisopropyl(2'-bromomethyl)benzylphosphonate 

underwent thermal cyclization to give 2-isopropoxy-3-oxa-l,2,3,-

4-tetrahydroisophosphinoline 2-oxide in 30% yield. 

n.m.r. spectrum 0TMS (CDC1 3): 7.~ (m, ~-H, Ar-H); 5.4 (d, 2-H, 

ArCH2-O, J p _ CH = 16 Hz); 4.8 (m, l-H, -CH~);3.3 (d, 2-H, ArCH2-, 

J p_
CH 

= 20 Hz); 1.4 (d, 6-H, CH 3 ). 

r , 
Reaction of DiisopropyH2'-bromomethYl)be.nz';lphosphonate with 

r 1 Il 

Vi tride Reagent \ 

1 

(1) To a stirred solution of 0.35 g (1 m mole) of diisopropyl

(2'-bromomethyl)benzylphos'phonate in 35 ml of dry toluene at 

room temperature under nitrogen, was added dropwise a solution 

of 0.4,g (2 m mole) of Vitride reagent in 40 ml of dry toluene •. 

The reaction mixture~b~came cloudy with the formation of sodium 

bromide. After the addition~ the reactinn mixture was heated 

at 125 0 for 30 hrs. The mixture was cool~d", hydrolysed wi th 
.1 

0.6 ml of water and filtered. The filtrate was dried over an-

hydrous MgSO~, filtered and the solvent was evaporated. The 

residue, on separation by thin layer chromatography afforded 

0.09 g (33%) of 3,4-di[diisopropylphosphonato]-1,2,5,6-dibenzo-

cyclooctadiene. 

, 

, n.m.r. spectrum (220 MHz) I5TM~ (CDCla):, 7.1"- 7.11 (m, a-H, 

4r-H); 4.5 - ~.8 (m, ~-H, -CH~); 3.7 (A2 82 , 2-H, ArCH 2-); 

e , 3. 4 (s, 2-H; "!'rCH 2-); 3.3 (,d, 2-H, -CH-PO-, J p_œ = 20 Hz);" 

1.0 - 1.3 (2 d, 2 4-H, - CH 3 ). 
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i. r. spectrum "max (CHC1 3): 
-1 

-1 -1 
1240 cm (P=O); 1370 cm and 

1380 cm (isopropy1). 

mass spectrum: mIe 536 (25\); mIe 494 (33.3%); mIe 452(5%); 

mIe 410 (S%); mIe 371 (58.5\); mIe 368 (8.S\); mIe 329 (13.6\); 

mIe 287 (92%); mIe 183 (lOO')~ mIe 104 (58.5%). Exact mass mea

surement:- Caled. for C2SH42P206 - 536.2446, round - 536.2457. 

(2) The same prOCédure was done in dry diglyme and heated at 

135 0 for 48 hrs. (Diglyme was drièd by first stirring with 

Vitride and distilled under redueed pressure.) Preparative 

thin layer chromatographie separation of the reaction mixture 

afforded 0.1 Z (54%) of 3-[diisopropylphosphonato]-7,8-dihydro-

1,2,5,6-dibenzoeyclooetatetraene. 

n.m.r. spectrum ô TI1S (CDC1 3 ): S.O.(d, I-H, vinyl proton, JpC=CH = 
24 Hz); 7.1 - 7.S (m, a-H, Ar-H); 4.8 (m, 2-H, -CH::); 3.2 (s, II-H, 

AtCH 2-); 1.1 - 1.5 (2d, 12-H, -CH 3). 

i.r. speetrum " (CCl): 12 1lO cm- 1 (P=O); 1375 cm-
l and 

max 4 

1385 cm- l (isopropyl). 

mass spectrum: mIe 370 (29%); mIe 328 (10%); mIe 286 (100%); 

mIe 205 (54%); mIe 204 (84.5%); mIe 203 (57.5%), 

Anal. Caled. for C22H27P03,H20: C, 68.01%, H, 7.53\; 

Found: C, 68.4%; H, 7.67%; 

\ 

(3) ~en the reaetion was carried out in dry diglyme at 125 0 

for 30 hrs., 3,4-di[diisopropylphosphonato]-l,2,S,6,-dibenzo-

cyelooctadiene was formed aceording te the n.m.r. spectru~ 
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the reaction mixture after hydrolysis and removal of the solvent. 
/ 

The same reaction mixture was then heated in dry diglyme at 

135 0 for another 48 hrs. The n.m.r. spectrum of the reaction 

mixture, after working up, showed the formation of 3-[diisopro-
~' 

py1pho5phonato]-7,8-di~ydro-l,2,5,6-dibenzocyclooctatetraene. 

, .. 
Attempted Reaction of Diis6propyl(2'-bromomethyl)benzylphospho-

• nate with Vitride Reagent in the ~resence of Dienophiles 

To a suspension of O.lB g (1 ID mole) of anthracene in 10 ml 

of dry diglyme, under nitrogen was added dropwise a solution 'of 

0.35 g (1 m mole) of diisopropyl(2'~rromomethyl)benzylphosphonate 

in 25 ml of dry diglyme, followed hy a solution of 0.40 g (2 m mole) 

of Vitride reagent in 40 ml of dry diglyme. After the addition, 

the reaction mixture was heated at 130 0 for 24 hrs. After cooling, 

the reaction mixture was hydrolysed with 0.8 ml of water and 
.-

stirred for 15 mins. and filtered. The filtrate was dried over 4 

anhydrous r-rgS0 4 , fil tered and the solvent was removed by dis

tillàtion at reduced pressure. The white crystals which appeared 
) 

after removal of the solvent, was filtered after adding absolute 

ethanol. It was identified as anthracene by its spectroscopie 

data. The solvent was evaporated from the filtrate and the 

resulting residue showed the presence of 3,4-di[diisopropylphos

phonatoJ-l, 2 ,,5 ,6-dibenzocyclooctadiene. Anthracene was recovered 

quantitatively. 

The same procedure was carried out in the presence of other 

dienophiles such as dimethyl acetylenedicarboxylate and dimethyl 
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maleate. Nei ther of these reactions gave any of the expected 

adduct and only 3,4-di[diisopropylphosphonato]-l,t,5,6-dibenzo

cyclobctadiene wàs formed in both cases. 

Reaction of Diisopropyl(2'-bromomethyl)benzylphosphonate with 

Potassium tert-butoxide 

To a solution of 0.23 g (2 m mole) of t-BuOK (purifi 

sublimation) in 40 ml of dry diglyme was added dropwi 
, 

luti~n of 0.35 g (1 m mole) of diisopropyl(2'-bromomethyl)benzy!: 

phosphonate in 40 ml of dry diglyme, und~r nitrogen. After the 

addition, the reaction mixtu~e was heated at 120 0 for 24 hrs. 

The flask waG cooled, and the reaction mixture was neutralized 

with dilute sulfuric abid solution and filtered. The-filtrate 

was dried over anhydr~us MgS0 4 , filtered and the solvent was 

removed by distillation at reduced pressure, Preparative thin 

layer chromatography of the reaction mixture resul ted in the 

isolation of 0.03 g (10%) of 3,4-di[diisopropylphosphonato]-

1,2,5,6-dibenzocyclooctadiene. 

The same procedure was carried out in the presence of die

nophiles such as dimethyl maleate and dimethyl acetylenedicar

boxylate. Only 3,4_di[diisopropylphosphonâto)-1,2,5,6-dibenzo-

cyclooctadiene was isolated in both cases. 

IJ 
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Attempted Reaction of Diisopropyl(2'-b~momethYl)benzylphoSphO

nate with Diphenylsi1ane 

A mixture of 0.35 e (1 m mole) of diisopropyl(2'-bromomethyl)

benzylphosphonate and 0.37 g (2 m mole) of diphenylsilane was , 

heated under nitrogcn, at 120 0 for 24 hrs. Diphenylsilane was 

removed under reduced pressure. Preparative thin layer chro-

~. matography of the crude mixture gave 2-isopropoxV- 3- oxa-l,2,3,4-

tetrahydroisophos?hinoline 2-oxide in 30% yield. 

Reaction of the same phosphonate ester wi,th trichlorosi1an~ 

also gave on1y the same cyclized ester. 

fi'-
Reaction of Diethyl(2'-bromomethyl)benzylphosphonate with Vitride 

Reagent 

To a solution of 0.32 g (1 m mole) of diethyl(2'-bromomethyl)-

• benzylphosphonate in 40 ml of dry diglyme was added dropwise 

a solution of 0.40 g (2 m mole) of Vitride reagent in 40 ml of 

dry diglyme under ni trogen. The reaction mixture was stirred 

_ at 135 0 for 24 hrs., cooled and hydrolysed with 0.6 ml of water 

and filtered. The filtrate was dried over anhydrous MgS04 , 

filtered and the solvent was removed by distillation under re

duced pressure. Preparative thin layer chromatogr~phy of the 

crude residue on silica gel afforded 0.07 g (40%) of 3-(diethyl-

phosphonato]-7,8-dihydro-I,2,5,6-dibenzocyclooctatetraene. 

n.m.r. spectrum ~TMS (CDC1 3): 8.0 (d, l-H, vinyl proton, 

J
pC

:
CH 

= 24 Hz).; 7.1 - 7.5 (m, a-H, Ar-H); 4.3 (q, 4-H, ":CH 2-O); 



" 

, 

/ 

e 

i.r. spectrum 'V max 

b 

1230 cm- l (p=o) 

mass spectrum: mIe 342 (100%); mIe 314 (8\); mIe 313 (8%); 

210 

ml 286 (8%); ml 285 (12.2\); ml 205 (51.5\); ml 204 (97%); e e e e 

mIe 203 (94%). 

Reaction of 2-Pheny1isophosphindoline 2-0xide with N-bromosuc-

cinimidè 

A mixture of 0.23 g (1 m mole) of 2-phenylisophosphindoline 

2-oxide and 0.18 g (1 m mole) of N-bromosuccinimide (recrysta1lized 

93 from water as deseribed by Dauben and MeCoy ) were ref1uxed 

in 40 ml of dry benzene, in the p~esen~e of a eatalytie amount 
~ 

of benzoy1 peroxide for 12 hrs. The reaetion mixture was eooled 

and washed twice with water to remove suceinimide and the organie 

layer was dried ?~~r anhydrous MgS04 and filtered. On evaporation 

'of the solvent, followed by p~eparative thin layer chromatography 
~ , 

of the residue, there was obtained 0.15 g (Sot) of r-l-bromo-

!-2-phenylisophosphindoline 2-oxide. m.p. QO-92° (ether). 

Rf value = 0.45. 

n.m.r. speetrum IS TMS (CDC1 3): 7.5 (m, 4-H, Ar-H); 5.2 

'-CH); 3.3 - 4.0 (part of ABX, 2-H, -CH 2 ; 2J = 
P-CHa 

= 17, 

9 "Hz). 

i.r. spectrum v (KBr): 1230 cm- 1 (P=O); 1440 cm-l, 1120 -
max 

1100 crn- l and 700 - 800 cm-
1 

(Ph). 

\ 
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_ mass spectrurn: mIe 308 (10%); mIe 306 (10\); mIe 227 (100%); 
, 

mIe 179 (30%); mIe Itt9 (20%) 

Anal. Calcd for C14H12POBr: C, 54.75%; H, 3.94\; Br, 26.02%; 

round: c, 54,91%; H, 4.13%; Br, 25.5\; 

Also isolated as miner products were 0.03 g (10\) of l, 1-

dibromo-2-phenylisophosphindoline 2-oxide, m.p. 107 - 1100 (chlo-

roform/hexAne), Rf value = 0.48,0.025 g (8%) of r-1, c-3-dibrome-
- / 

!-2-phenylisophosphindoline 2~oxide, m.p. 186 - 188 0 (ether), 

Rf value = 0.53, 0.015 g (5%) of trans-l,3-dibromo-2-pheny1iso

phosphindoline 2-oxide, m.p. 95 - 98 0 (ch1oroform/hexane), 

Rf value = 0.57, and a trace of !-1-bromo-~-2-phenylisophosphin

doline 2-oxide. m.p. 140 - 142 0 (ether), Rf value = 0.4. 

Spectral data of Dibromo derivatives 

1,1-dibromo-2-phcnyl~nhosphindoline 2-oxide 

n.m.r. spectrum ôTMS (CDC1 3): 7.3 (m, 4-H, Ar-H); 3.1 - tt.O 

(part of ABX, 2-H, -CH2 , 2Jp_CHa = 17, 2J = 9 Hz); 
P-C~b 

1 -1 
i.r. spcct;rum "max (KBr): 1240 cm- (P=O); 1440 cm , 1120 -

1100 6n- 1 an'tl 700 - 800 cm- 1 (Ph). 

mass spec~rum: mIe 388 (5%); mIe 386 (10\); mIe 384 (5\); mIe 307 

(20\); mIe 305 (20\); mIe 226 (50%); mIe 179 (20\); mIe 178 (30\); 

mIe 149 (100%); mIe 102 (10\). 
• 

\ \ 
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n,m.r. spectrum ôTMS (CDC1 3 ): 7.~ (m~ ~~H, Ar-H); 5.3 (d, 1-H, 
. 2 

... CH, 2Jp_CHb' = 2.5 Hz); 5.6 (d, l-H, -CH, Jp-CHa' = 10 Hz). 

i.r. spectrum vmax (KBr): 1240 cm- l (P=O), 1440 cm-l, 1120 -

• -1 -1 110t\·cm and 700 - 800 cm (Ph)' 

mass spectrum: mIe 388 (5%); m/~ 386 (10%); mIe 384 (5%); 

mIe 307 (20~); mIe 305 (20%); mIe 226 (25%); mIe 2i'5 (20\); 

mIe 179 (100%); mie 17B (90%); mIe 149 (80%); mIe 102 (10%). 

trans-1,3- romo-2-pheny1isophosphindoline 2-0xide 

n.m.r. spectrum ôTMS (CDC1 3 ): 7.3 (m, 4-H, Ar-H); 5.2 (d, 1-H, 

= 2 Hz). -CH, 2 J 
P-CHb , 

1 

i.r. spectrum Vmax (KBr): 1230 c~-1 

1100 cm- l an., 700 - 800 cm- 1 (Ph). 

-1 
(P=O); 1440 cm , 1120 -

mass spectrum: ml 388 (2%); 386 (4%); 384 (2%); ml 307' (21. 3%); e e 

mie 305 (21.3%); mIe 226 (5%); mIe 225 (8%); mIe 179 (100\); 

mIe 178 (97%); mIe 149 (31%); mIe 10? (34%>-

\ 
,< 

1 

Reaction .of 2;-Pheny1isophosphindoline 2-0xide wi th ,'Phosphorus 
1 

/ Pentabromide 
1 

/ 

1 0 
A solution of 0.43 g (1 m mole) of phosphq~s pentabromide 

in 35 ml of dry benzene was add~d-dropwise t6 a solution of 
/ 

1 
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n 

0.23 g (1 m mole) of 2-phenylisophosphindoline 2-oxide in 30 ml 

of dry benzene under nitrogen. Thé reaction mixture was refluxed 

for 24 hrs. and the soivent was evaporated. The crude mixt~ 

was separated by preparative thin layer chr0matography to give 

0.045 g (15%) of ~-1-bromo-!-2-phenylisophosphindoline 2-oxide, 

identical in aIl respects with the product obtained by bromination 

of 2-phenylisophosphindo1ine 2-oxide with N-bromosuccinimide. 

-" Starting matericl.1 '.-1as also reeovered (75%). 
, 

Thermal Decomposition of 2-Ph~nyl~p~os~hindoline 2-0xide 

A 1:2 mixture of 2-ph~nylisophosphindoline 2-oxide (0.23 g) 

and neutral alumina (0.2 e) t"as hea ted under 20 mm, pressure at 
1 

100 - 125 0 in a sublimer. A white crystalline solid eondensed 

on the eold finger. m.p. 89 - 91°. Tt was identified as the 

starting material by its spectroscopie data. 
\ 

. 
Attempted Reaction of 2-Phenyl~phosphindo1ine 2-0xide ~ith 

Aeetie Anhydride 

To a solution of 0.11 g (0.5 m mole) of 2-phenylisophosohin

doline 2-oxide in 20 ml of dry benzene was added a solution of 

_ 0.10 g (1 m mole) of aeetie anhydride in 20 ml of dry benzene 

and the reaction mixture was refluxed for ~ hrs. The flask was 

cooled and the reaction mixture was poured into 25 ml of water. 

The organlc layer was was,hed twice wi th water, dried over an

hydrous MgS0 4 , fil tered and th.e solvent was removed. Thin layer 
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chromatography and n.m.r. spectrum of the residue showed that 
• 

no reaction had taken place. 

The reaction of 2-phenylisophosphindoline 2-oxide either 

with p-toluenesulfonyl chloride a10ne or with the same reagent 

in the presence of pyridine failed to give any new product. 

2-Pheny1~phosphindoline 2-Sulfide 

A solution of 0.41 g (3 m mole) of trichlorosilane in 30 ml 

of dry henzene was added dropwise to a solution of 0.23 g (1 m mole) 

of 2-phenylisophosphindoline 2-oxide in 30 ml of dry benzene, 

under nitrogen. The reaction mixture was ~fluxed for 48 hrs., 

cooled and filtered into a three-necked flask containing 0.06 g 

(2 m mole) of sulfur flowers. 1~e mixture was stirred at room 

temperature overnight, under nitrogen and then hydrolysed with 

5 ml of water. The aqueous layer was extracted with ether. 

The combiried organic phase was dried bver anhydrous MgS0 4 and 

the solvent was removed. Ether was added to the residue and 

the undissolved sulfur was fil tered. Addi,tion of ether and 

filtration were repeated until no more sulfur remained in the 

residue. Evaporation of the solvent gave 0.15 g (60%) of 2-

phenylisophosphindoline 2-sulfide as yellow solide m.p. 80 - 82 0 

(CHC13 /hexane) . 

n.m. r. spectrum ê TMS (CDC1 3 ) : 7.5 - 8.0 (m, 5-H, ArM) ; 7.3 (s, 

4-H, -P-Ph) ; 3.7 (d, 4-H, -CH2 ' 
J

p
_

CH = 12 Hz). 

i.r. spect:rum v (KBr) : 1440 cm-l, 1100 -1 and 700 800 -1 cm - cm max 
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,\ 
" 

(-Ph); 650 cm- 1 (p=s). 

mass spectrum: mie 246 (13\); mIe 245 (20\); mIe 244 (100\); 

mIe 211 (60%); mIe 135 (13%)~ mIe 133 (52.8\); mIe 104 (26%~; 
, 1 

mIe 103 (20%). Exact mass ~~asure~nt:- Calcd. for C14H13PS -
, 

244.0467, round - 244.0476 •. ' 

Reaction of 2-Phenyl~phosphindoline 2-Su1fide wi th Acetic 
; 

Anhydride :..' 

To a solution of 0.12 g <9.S m mole) of 2-phenylisophosphin

doline 2-sulfide in 20 ml of dry benzene was added dropwise a 

( solution of 0.10 g (1 m mole) of acetic anhydride in 20 ml of 

dry benzene and 'the reaction mixtu~ ~1as refluxed for 48 hrs. , 

and poured into 25 :1 of water. The organic layer was dried 

over anhydrous MgS0
4

, filtered, and' the solvent was removed. 

The n.m.r. spectrum and thin layer chromatography of the residue 

revealed that no reaction had occurred. 1 

The reaction was repeated by refluxing 0.12 g (0.5 m mole) 

\. of 2-phenylisophosphindoline 2-su1fide - in 25 ml of ~cetic ,anhy-

dride for 36 hrs. The raaction mixture, after working up gave ~', 

a residue, the n.m.~. spectrum of which was identified to 2-

phenylisophosphindoline 2-oxide. Its formation was a1so shown 

by thin layer chromatography. Preparative thin layer chromato~ 

~ graphy of the residue gave (-40\) of 2_ph.enylisophosphindo1ine 

2-oxide. m.p. 89 - 91°. 

- " 
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Attempt~d Reaction of ~,-Phenylisophosphindoline 2-Sulfide wi th 
1 = Q 

p-ToluenesulfonyJ Chloride 

6 . ~ 
A solut1oA of 0.2 g (1 m mole) of p-toluenesu1fony1 cch10ride 

" in 20 ml of dry benzene was added to a solution of 0.12 g (0.5 

m mole) of 2-phenylisophosphindoline 2-sulfide in 20 ml of dry 

ben zene; and the reaction mixtu're was refluxed for 48 hrs. The 

reaction mixture, after removal of the solven t gave only the ,', 

starting material, as shown by n.m.r. 

The same reaction was repe~ed in th~ presence of pyridine 

and the ~action mixture was refluxed for 48 hrs. The n.m.r. 

spectrum an~ thin layer chromatography of the reaction mixture 

revea1ed that no new nroduct was formed. 

Dehydrobromination of ~-1-Bromo-!-2-phenyl~phosphindo1ine 

2-0xide with l, 5-Diazabicyc10[3.4.0]nonene-S (DBN) 

, 
To a solution of 0:31 g (1 m mole) of r-l-bromo-t-2-phenyl-

isophosphindoline 2-oxide \in 40 ml of dry ~en zene \ola~ ad~d 
0.20 g (1.5 m mole) of DBN an~' the reaction mixture was ref1uxed 

,... '" ) 
for 8 hrs. The reaction mixture ~ecame c10udy with formation 

of DBN. HBr salt after 20' mins. 1 The reaction mixture was cooled " 

and filtered, and excess DBN was neutralized with 5\ sulfuric 

acid solution" The organic layer was washed twice wi th water, 

dried over anhydrous MgS0 4 , filtered' and the solvent was removed. 
~ . 

Preparâtive thin layer chromatographie separation of the res1due 

afforded 0.14 g (62%) of 2-phenylisophosphindole 2.oxide dîmer. 

b 
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It was reerysta~lized from ehloroform/haxane to give hyg~oscopie 
(.) 

';) white solid. m.p. 216 - 220 0 '(deeomposed). 

n.m.r. sp.eetrum (220 MHz) ô
TMS 

(CDC1 3 )': 1.0 - 1.8 (m, 14-~, 

A r-H); n:. ~ (m , 4 - H, = CH); 5: 3 (d 0 f d , 1-H, = CH, J P _ CH = 2 2 Hz); 

4.2 (m, 1-H, -CH): 3.9 (m, 1-H, -CH); 3.4 (m, l-H, -CH)., 

i.r. speetrum ~max (KBr): 

and 700 :.. ,800 em- l (Ph). 

12 10 em - 1 (P = 0); lit 40 cm -1, 1120 
v 

-1 em 

mass s~eetrum: 
'-. 

mIe 452 (10%); ml 
\ e 228 (25%); mIe 150 (25%)0; l' 

ml 149 e 

Anal. 

, 

round: C, 70.87%; H, 5.12%; 

-
C, 71.48%; H, 5.14%; 

Dehydrobr~miiation of !-1~Bromo-!-2~pheny1~phosphindo1ine 

2-0~ide with Triethy1amine 

, 

To a solution of 0.31 g (1 m mole) of ~-1-bromo-!-2-phenyl-
r 

isophosphindoline 2-oxide in 45 ml of dry benzene was added -. 
0.40 j (4 m mole) of triethylamine and the reaction mixture 

was refluxed for 12 hrs. 
1. • 

After coolinp" the reaetlon m~xture 
• 

was filtered and the solvent was evapor~ted. Preparative thin 

layer chromatographie separation of the residue resulted in the 
, / 

o 

isolation of 0.12 g (50%) of 2-phenylisophosphjndole 2-oxîd~ 

\ dîmer. m.p. 216 - 220 0 Cdecomposed) (chloroform/hexane) • .. 

r 

.,' 
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" 
Hydrogenation of 2-Phenyl~phosphlndo1e 2-0xide Dimer 

A mixture of 0.08 g of 2-phenylisophosphindole 2-oxide dimer, 

50 ml of absolute ethanol and palladium on charcoal (10\, 10 mg) 

was placed under a hydrogen atmosphere (Press~re 1 atmosphere, 

temperature 65°). The system was agitated overnight. The catalyst 

was then filtere~.over celite. Evaporation of the solvent from 

the filtrate yielded a white solid, the mass spectrum of which 

revealed that one Molecule of hydrog~n was absorbed. 
. ~ 

Attempted further hydrogenation 'us-ing 10% palladium on char-

coal at 50° atmosphere pressure at 80° for 3 hrs. gave a white 

soli~, the mass spectrum of which, showed no further uptake of 

hydrogen as deduced from the molecular ion. 

Attempted Reaction of 2-Phenyl~phosphindole 2-0xide Dimer 

with Dimethyl Acetylenedicarboxylate 
fa 

\ 
1 _\ 

To a solution of 0.05 g (0.1 m mole) of 2-phenylisophosphin

dole 2-oxide dimer in 10 ml of dry benzene was added dropwise 
~ 

a solution of 0.03 g (0.2 m mole) of dimethyl acetylenedicarboxy

late in 10 ml of dry benzene. The reaction mixture was refluxed 

for 48 hrs. Evaporation of the solvent gave a white sOlid, 

the n.m.r. spectrum of which w~s the same asuthat of the starting 

material. Thin layer chromatography" also showed that no reaction 

had occurred. 
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Attempted Reaction of 2-Phenyl~phosphindole 2-0xide Dimer 

with Tetracyanoethylene 

To a solution of 0.05 g (0.01 m mole) of 2-phenylisophos-
1 

phindole 2-oxide dimer in 10 ml of dry methylene chloride'was 

added dropwise a solution of 0.03 g (0.02 m mole) of te~racyano
~ 

ethylene in 10 ml of dry methylene chloride. When the addition 

was complete, the reaction mixture was refl~xed for 48 hrs. and 

the solvent reMoved. 
~ 

Thin layer chromatography and n.m.r. spe~~ 
\ 

trum of the reaction mixture revealed that no:new product was 

formed. 

Trapping of 2-Pheny1isophosohindole 2-0xide with Dimethyl 

Acetylenedicarboxylate 

To a mixture of 0.30 e (3 m mole) of triethylamine and 0.28 g 

(2 m mole) of dimethyl acety1enedicarboxylate in 20 ml of qry 

benzene wa~ added dropwise a solution of 0.31 g (1 m mole) of 
, , 

E-l-bromo-!-2-phenylisophosohindoline 2-oxide in 20 ml of dry 

benzene at room temperature. After the addition, the reaction 

mixture was refluxed for 48 hrs. and then cooled. Tt was then 

filtered to remove triethylaminehydrobromide salt. The filtrate 

was evaporated and the residue was separated by preparative thin 

layer chromatography (solvent - chloroform) to give 0.07 g (28%) 

of dimethyl 2,3-Qaphthalene dicarboxylate m.p. 45 - 46 0 (etherl 

petroleum ether), (Lit. 152 m.p. 47°), identical in aIl respects 

with authentic sample prepared below. 

l~ 
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A mixture of 4.32 g (0.2 mole) of 2,3-naphthalenedicarboxylic 
;, 

;.. - - " 
acid, 3.2 g (0.1 mole) 't-tJ ml) of methyl alcohol and 0.5 ml of 

concentrated sulfuric acid were refluxed for 10 hrs. Methyl 

alcohol was evaporated and the residue was dissolved in chloroform 

and washed twice wi th water to re'move sulfuric acid. The organic 
\. 

layer was dried over anhydrous MgS0 4 , filtered and the solvent 

was removed to give 4.6 g (95%) dim~thyl 2,3-naphthalenedicar-

bo~ylat~. Recrystalliz~tion from ether-petroleum ether gave 

analytical sample. ~.p. 46° (Lit.
152 

m.p. 47°) 

n.m~r. spectrum 6THS (CDC13 ): 8 • 2 (s, 2 - fI), 7. 7 - 8i. 0 ( m , 2 - H) ; 
( 

7 • 4 - 7. 7 (m, 2 - II); 3. 9 8 (s, 6 - H, - CH 3 ) • 

i.r. 1720 cm- l (C=O) .. 

\'< 
~', 

t:- ,,·~14~ ~ ':HQ", 
behydrobromination of r-l-Bromo-!-2-phenylisophosphindoline 
~ 

2-0xide in the presence of Phenylacetylene 

To a mixture of 0.3 g (3 m mole) of triethylamine and 0.2 g 

(2 m mole) of phenylacetylene in 20 ml of dry benzene was added 

dropwise a solution of 0.3 g (1 m mole) of ~-1-bromo-!-2-pheny1-

isoph'osphindoline 2-oxide in 20 ml of dry ben zene, under ni trogen, 

at room temperature. The reac'fion mi~ture was refluxed for 

48 hrs., after the addition. It was cooled and the solvent ·was 

evaporated. The crude residue was separated by preparative thin . 

layer chromatography to give 0.03 g (15%) of 2-phenyl naphthalene. 
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m.p. 101 - 102 0 (Ethanol>' (Lit. 152 m.p. 103 - 104 0 )/ • 

, n.m.r. spectru~ QTMS (CDC1 3): 8.3 Cm, I-H); 8.0 (m, 2-H); 

7.4 - 8.0 (m, 9-H). 

mass spectrum: mIe 204 (100%). 

Also iso1ated was 0.06 g (25%) of 2-phenylisophosphindo1e ' 

2-oxide dimer. 

~ 

Dehydrobromination of r-1-Bromo-t-2-phenyli~onhosphindoline 
, 

2-0xide in the presence of 11'J:l-lCy~IOh~~t~nê ."", 

i) To a mixture of ,0. 3 g (3 m mole) of trie thy lamine a~ 

3 ml of l, "-~ohe xa diene in 25 ml of dry ben zene was adde d 

dropwise a solution of 0.3 g (1 m mole) of !-1-bromo-!-2-Dhenyl

isophosphindoline 2-oxide in 15 ml of dry benzene under nitrogen, ---.-

and the reaction mixture was refluxed for 48 hrs. After removal 

of the ~olvent, the crude mixture was separated by preparative 

.' thin layer chromatography to give 0.11 g (34%) of 2-phenyliso-., 

phosphindole 2-oxide -1,4-cyclohexadiene adduct as white crystals. 

m.p. 185 - 187 0 (chloroform/hexane). 

n.m.r. spectrum 6
TMS 

(CDCl a): 7.2 (m, 9-H, Ar-H); 5.7 (m, 2-H, 

CH = CH); 3.5 (d, 2-H, -CHP :: 0); 3.2 (m, 2-H,C-H); 2.2 (m, 2-H, 

equatoria1 a1lylic); 1.3 (d of d, 2-H, axial ally1ic). 

• ,,( KB) 1210 cm -1 CP:: 0) 1.r. spectrum max r: 

mass spectrum: ~/e 306 (9.4%); mie 228 (27.2%),; mie 182 (22.8%); 
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mIe 180 (100%); mIe 150 (9.4%); mIe 128 (74%); mIe 104 (22.8%); 

mIe 91 (13.6%); mIe 77 (27.2%). 

Anal. Ca1cd. for C20Hl~PO" C 78 h2~' H 6 25~' ".::f ,.-t 11, , • 11, 

round: C, 77.72%; H, 6.39\; 

Also isolated as minor product was 0.03 g (10\) of r-l-bromo

~-2-pheny1isophosphindo1ine 2-oxide as white crystals. m.p. 140 -

142 0 (ether). 

n.rn.r. spectrum ~TMS (CDC1 3): 7 • 5 (m, 4 - H, A r-H )'; 5. 6 (d, 1-H , 
• 

-C-H, J p _ CH = 10 Hz); 3.3 - 3.9(part of ABX, 

J p - CHb = 9 Hz). 

i.r. spectrum vmax (KBr): 1240 cm- l (p=o) 

rn~ss spectrum: mIe 308 (6.6\); mIe 306 (6.6\); rn/e 227 (100%); . . 
mIe' 179 (26.6%); ml 149 (26.6~). • e 

f 
Anal. Calcd. for C14H12 POBr: C, 54.75%; H, 3.94\; Br, 26.02%; 

F oun d : C, 55. 3 5 %;/ H, 4. 14 %, Br, 26. 09% • 

Dehydrobromination of !-1-Bromo-!-2-phenyl~phosphindoline 

. 2-0xide in the presence of 2,5-Norbornadiene 

To 0.1 g (1 m 

diene in 15 ml of 

mole) ,of triethylamine and ? ml of norborna
,/ 

" dr~'benzene was added a solution of 0.1 g 
• 1 

(0.03 m mole) r-l-bromo-t-2-phenylisophosphindoline 2-oxide in - -,-
lS ml of dry benzene, under nitrogen. After the addition, the 

-... 
reaction mixture was refluxed for 48 hrs. and cooled. It wàS 

= 17, 
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then filtered to remove tri,thylaminehydrobromide salt. The 

fil trate was evaporated and preparative thin layer chrematography 

of the crude residue afforded 0.03 g (25%) of 2-phenylisophos~ 

phindole 2-oxide-norbornadiene adduct as white crystals. m.p. 156 -

158 0 (chloroform/hexane). 
~ 

n.m.r. spectrum (220 MHz) 6
TMS 

(CDC1 3): 7.2 (m, 9-H, Ar-H; 

6 • 2 ( m , 2 - H, - CH = CH); 3. 7 - 3 • 6 ( m , 2 - H, - CH P = 0); 3. l ( m , 

2 - H, - CH); 2. 6 ( m, 2 - Il, - CH); o. 8 (d , 1-H, - CH ) ; - 0 • 3 ( d, 1-H, - CH) ; 

i.r. spectrum ~max (KBr): 

an d 70 0 - ~ a 0 cm - l (Ph): 

-1 -1-1 120 0 cm ( P = 0); 14 5 a cm , 110 0 cm 

mass spectrum: mIe 318 (6%); mIe 252 (5%); mIe 228 (5%); mIe 227 

(S%); mIe 179 (5%); mIe 178 (8~); mIe 128 (100%). 

Anal. Calcd. for C21H19PO.3/4H20; C, 76.07%, H, 6.22%; 

F oun d : C, 76. 2 4 %; H, 6. 04% 

0.01 g (10%) of ~-1-~romo-~-2-phenylisophosphindo1ine 2-

oxide was also isolated. 

- '~~lj.uction of r-l-Bromo-t-2-pheny1isophosphindoline 2-0xide wi th 

Tri ch lores i lane 

1 

.... ' 
To a mixture of 0.3 g (1 m mole) of E-l-bromo-!-2-pheny1~ 

isophosphindo1ine 2-oxide andlO.S g (S m mole) of triethylamine 

in 50 ml of dry benzene was added dropwise a solution of 0.4 g 
). 

(3 m mole) of trichlorosilane in 25 ml of dry henzene under 
~ -
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Cl 
nitrogen. The reaction mixture was refluxed for 36 hrs., cooled 

and hydrolysed with 30% NaOH solution. The silica was filtered 

and the filtrate was washed twice with water. The organic layer 

was dried over anhydrous MgS0 4 , filtered and the solvent was 

removed. On separation of the residue by preparative thin layer 

chromatography, there was obtained 0.094 g (41%) of 2-phenyl

isophosphindoline 2-oxide. 

Reduction of 1,I-Dibromo-2-p~enyl~phosphindoline 2-0xide with 

Trich lorosi lane 

Reduction of 0.04 g (0.1 m mole) of 1,l-dibromo-2-phenyl-

\ 

isophosphindolin~ 2-oxide with 0.04 g (0.3 m mole) of trichlo

rosilane in the presence of 0.02 g (0.2 m mole) of triethylqmine 

in dry benzene at .refluxing temperature for 24 hrs., gave O. 007 g 

(30%) of 2-phenylisophosphindoline 2-oxide. 

Attempted Preparation of 2-Bromo-?-phenyl~phosphindolinium 

Bromide 
\ 

\ 
\ 

To a soluti\m of fi. 23 g (l m mole) of 2-phenylisophosphi:,

doline 2-oxide in 35 ml of dry benzene was added dropwise a 

solution of 0.34 g (2.5 m mole) of trichlorosilane in 30 ml 

. dry benzene under nitrogen. The reaction mixture was refluxed 

for 36 hrs., cooled and hydrolysed with 30% NaOH solutiop~- The 

silica was fiitered and the filtrate was washed twice with water. 
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The organic layer was dried over anhydrous MgS0 4 , and filtered 
\ 

into a th:ree-necked flask, equipped wi th a ni trogen inlet, a 

condenser and a dropping funne 1. A quan ti ty of 0.2 g (2 ,m mole) 

of bromine was added under ni trogen, whi le the flask was cooled 

in an ice-bath, and the reaction mixture was stirred overnight 

at room temperature. The yel10w so1id formed was filtered and 

the mass spectrum was recorded. It showed a base peak at mIe 228 

and the other peaks are a t mIe 158, 'Iso, 162 in the in tensi ty 

ratio of 1:2:1. It was likely that 2-bromo-2-phenylisophosphin

dolini um bromi de was formed an dit de composed in to hromine and 

2-phenylisophosphindoline vlhich was then oxidized to the corres

ponding phosphine oxide. Thus, the peak at mIe 228 May be due 

to 2-pheny1isophosphindoline 2-oxide and the peaks at mIe 158, 

160,162 May correspond to bromine. It was likely that either 

2-phenylisophosphindoline 2-oxide-bromide ~omplex or 2-bromo-

2-pheny~isophosphindolinium bromide was formed. But the yield 

was low. 

Reaction of r-l-c-3-Dibromo-t-2-phenyl~phosphindoli,ne 2-0xi..de 

with Ironnonacarbonyl 

To a suspension of 0.22 g (0.6 m mole) of ironnonacarbonyl 

in 20 ml of dry ben zene was added dropwise a solution of 0.08 g 

(0.2 m mole) of !-1,c-3-dibromo-1-2-phenylisophosphindoline 

2-oxide in 15 ml of dry benzene and the reaction mixture was 

kept stirring overnight at rqom temperature • ., 



The yellow solid was filtered off and the soivent was removed 

from the filtrate. The ior. (CHC1 3) spectrum of the residue 

showed two bands at 2100 cm- l and 2040 cm-l. The n.m.r. spec~um 

was aiso different from the starting material and it showed two 

multiplets at 7.5 ô and 2.9 ô respectively. However, the mass 

spectrum showed only the starting material. 

Bromination of 2-Phenylisophosphindole 2-0xide-I,4-Cyclohexadiene 

adduct 
1 

Bromination was done as in the same manner as the method 

describcd by QUin27 • 

A solution of 0.1 g (0.6 m mole) of bromine in 20 ml of 
~ 

chloroform was added to a solutiotL of 0.09 g (O. 3 ~ mole) of 

2-phenylisophosphindole 2-oxide-l,4-hexadiene adduct in 20 ml 

of chloroform and the reaction mixture was stirred at room tem-

perature for 24 hrs. Then the reaction mixture was worked up 

by adding sorne ice,\neutralizing with 5% NaHC0 3 solution and 

destroying excess bromine with saturated sodium thiosulfate ---. ~ ' ... ~--

solution. The mixture was fiitered and the filtrate was extracted 

with chloroform. The combined organic layer was dried over an-

hydrous MgS0 4 , fi1tered and the solvent removed. The residue, 

dibromo derivative was obtained as ye110w solide m.p. 153 - 155°. 

n.m. r. spectrum (220 MHz) ÔTMS (CDCl 3): 7.2 (m, 9-H, Ar-H); 

4.5 (m, l-H, -CHBr); lJ.3 (m, l-H, -CHBr); 3.6 (m, 2-H, -CHP=O); 

3.5 (m, 2-H, -CH); 2.0 (m, 2H, equatorial -CH); 1.3 (m, 2H, 

axial -CH). 
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i.r. speetrum " _ .. (KBr): max 
-1 1210 cm (P=O); 

mass speetrum: mIe 468 (1%); mIe 466 (2%); mIe 464 (1%); mie 385 

(5%); ml 340 (lOt); ml 306 (5%); ml 305 (5%); ml 181 (92%); 
e e e e 

ml 180 (80%); ml 128 (100%). e e 

Dehydrobromination of the Dibromo derivative of 2-Phenylisophos

phindole 2-0xide-l,4-Cyelohexadiene adduet 

. To a solution of 0.05 g (O.l m mole) of dib~mo compound 

in 15 ml of dry benzene wa~ added dropwise ~ solution of 0.03 g 

(0.2 m mole) of DB~ in 15 ml of dry benzene. The rea~tion mi x-
1 

tûre was refluxed for 48 hrs. and cooled. 
1 

Excess DBN was neu- . 
, 

tralized with 5% sulfurie aeid solution~ The organic layer was 

washed twice Hi th water, dl'ied over anhydrous MgS0 4 , fil tel'ed 

and the solvent removed. Pl'eparative thin layer ehromatogl'aphy 

of tre residue gave 0.008 g (20%) of a monobl'omo del'ivative of 

2-phenylisophosphindole~2-oxide-l,4-eyelohexadiene adduct, rathel' 

than the expected diene product. Mos't of the starting matel'ial 

(70%) was recovel'ed. The product has the fOllowing spectroscopie 

data. 

n.m.l'. spectrum &TMS (CDC1 3): 7.3 (m, 9-H, Ar-H); 5.9 (m, I-H, 

=CH); 3.5 (m, 2-H, -CHP=O); 3.2 (m, 2-H, -CH}; 2.5 (m, 2-H, 

equatol'ial'ally1ie); 1.3 (m, 2-H, axial a11ylie) • 
... 

mass spectrum: mie 386 (10%); mIe 384 (10%); mIe 305 (20%); 

mIe 128 (100%),. 

> , 
1 
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CHAPTER 4 

CONCLUSION AND SUGGESTION FOR FURTHER WORK 

,. 
A brief comparison between the phosphindol~ and isophosDhindole - . 

systems 

J 

With the results reported in this investigation it i9 possi-

ble to make certain comparison between the phosphindole and ~so-

phosphindole systems. ~ 

The dihydro compounds 66 and 121 can now be synthesi zed 
! 'J. 

readily in essentially one-step processes in moderate yields. , 

P)-a 
~p) 

1/\ 
o Ph 

(66) 0.21'> 

They behave as normal phosphine oxides in their chemistry. 

They can be reduced to the corres~nding 'phosphine by silanes. 

They are stable thermally up to 250°. 

The introduction of another double bond into the system 

drastically changes the chemical re~ctivi ty of the two c·ompounds. 

While I-phenYlphoSphin'dole 1_oxid~65 ,66 is a ~table solid, 2 .... • 
1 

phenyli~ophosphindole is an extremely reactive compound and its 

existence has only been demonstrated by trapping i t wi th a ~i~;-
1 

nophile. • \' 

, 
\ 
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~ ~p) 
Il \ 

o Ph 
(152 ) 

The pattern of chemical reactivities is in qualitative agree

men t wi th othe r heterocyclic sys tems. For example, indole, benzo-

furan and benzothiophene a~ stahle compounds, whereas isoin

dOle 113 , isobenzofuran 111 , 112 and isobenzothiophene109 are reactive 

and can undergo cycloaddition !>lith dienophiles. Similarly,- iso

indene 1SO ,151 i~ also believed to he e}(tremely reactive. Tt 

rearranges ré~di1y to indene. Its existence has been demons-

t t d b '1.' t 'th d' l '1 150 ra e y trapp1.ng W1. 1.enOpl1. e • The reactivity is 

associated wi th the quinodimethane structure. In the case of 

1,&2" the phosphorus does not possess lone electron pair to allow 

for any extent of possible aromaticity. 

The phosphindo1e 65 ,66 system has been prepared ano found to 

possess reasonab1e s tabili ty. It ts be1ieved to have some aro

matic character on the basis of i ts spectroscoli'ic properties. 

Unforturrately, the isophosphindole system cannot be prepared by 
- 1 

our various attempts. J If one were, to draw any an&fogy from the 

heteroisoindene system, one would expect isophosphindole to be. 
, - '-----

-----reactive, _but per'ha1?s isola.ble. \ 
" 
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, 

Suggestion for further. work 

It has been mentioned that the attempted reduction of ~

ethoxybenzo[~)phospho1e l-oxide to benzo[~]phospho1e (4) is not 

~uccessfU1. An'a1ternative method of preparing 4 may invo1ve 
l ' 

the hydro1ysis of 1-ethoxyhenzo(b]phospho1e l-oxide to the cor-
J 

responding phosphinic acid 166, fol1owed by reduction with si-

1anes or lithium aluminium hydride as follows: -

(Jç:n 
1/\ 
o OEt 

~ ~p) 
1/.'\ 

o OH 

(166 ) 
f 

_p_e_('h_l_c_t_i_o_n~) O:J 
1 
H 

l • f h f] d . 99 f h h" . d n vJ.ew 0 t e success u re uctl0n ,0 p osp lnlC aCl 

to the corresponding phosphine, i t seems probable that the re-

duction of 166 might give the expected product. Furthermore, 
, 

16& can be al ternatively prepared by the Die1s-Alder reaction 

of E ,E-l, 4-diace toxybutadiene wi th the appropriate dienophi le, 
1 

l-hydroxy-2-phospholene l-oxide (167) whicll can be easi1y ob-

tained by the hydro1ysi9 of 1,1,1-trich1oroPhosPho1ene83,8t~ 

(Eq. 84). 

H20 

0' 

0 ,. 0 
Cl:/ 1" Cl 

(84) - 1» 
'II , 

,~; Cl • 1 0 OH' 

~ ...... " 

(167) 
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~t has been mentioned that 2-pheny1isophdsphindo1e 2-oxide 
. 

has been detected as transient reaction intermediate and has 

been trapped as Diels-Alder adducts. Further work can be ex-

tended for the synthesis of the isophosphindole system, according 

to the following synthetic"route: 

16 -McCormack reaction of phenyldihalogenophosphine with 
- , . 

o-quinodimethane, which can be produced by the thermal decompo
li!. 

sition of 1,3-dihydrobenzo[~]thiophene 2,2-dioxide 128 , fo1lOt-led 

by the dehydrohalogenation of the adduct with DBU. Simi1ar , 

kind of dehydroha1ogenation reaétions to give phospholes have 

been reporte dZO ,147 • 

) 0:;
, X 

'? / 
1 P-Ph 

~ " X 

DBU 
) 

-HBr 

r ..... ' 
(150) 

One may expéct that highly substituted ~sophosphindole may 

be sufficient1y stable for isolation and the same method may be 
- . 

used for its preparation. In fact, 82 has recent1y been prepared 

by Holland and Jones 73 • The subsequent transformation remains " --

" 
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CONTRIBUTION TO ORIGINAL KNOWLEDGE 

l-Ethoxybenzo[~]phosphole l-oxide, the first example ~f 
:" "y' 

benzo[b]phosphole, where phosphorus is functionalized::-has 'been 

synthesizcd. 

2-Phe~lisophosphindoline 2-oxide was prepared by a new 

synthe tic route in one step by the reaction of o-xylylene di-

bromide and diethyl phenylphosphonate in the presence of sodiu~ 

bis(2-methoxycthoxy)aluminium hydride. J 
Free radical halor,enation of 2-phenylisophos~hindoline 2- . 

" oxide was found to occur stereospecif'ically to gi.ve !:-l-bromo-

t-2-phenylis~phosphindoline 2-oxide. 

Dehydrobromination of r-l-hroTTlo-t-7 -phenylisophos?h indoline ... - - -
2-oxide by base r,av8 7-phenylisophosphindole 2-oxide as a transient 

-
intermediate. Its existence has been confi~cd by trappinh wit~ 

various dienophiles as the Diels-Aldér adducts. This is the firet 
-

time that iSODhosphindo"le system is generatcd. The stereochemistry --' 
of the Diels-Alder adduct was also examined. 

The use of so.tium bis(2-methoxyethoxy) aluminium hydride as 
\ 

a reacent for the formation of 2arbon-phoSp'l-tOY'us bond in th2 iso-

phosphindole system was studied. Anomaly t.Jas found to occur in 

the case of dialkyl(2' -broTTlomethyl)benzylphosphonate which gave 

compounds of dibenzocyclooctadiene ring, substituted with dialkyl 

phosphono group. 
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