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[. Introduction

The chemistry of organic phosphorus compounds
has shown a remarkable growth throughout the past
5 decades. Meanwhile, it has attracted much interest,
especially the extensive utilization of the organo-
phosphorus derivatives as plasticizers for synthetics,
as extraction agents, as oxidation inhibitors for
lubricants, as flotation agents, as complexing agents
for transition metals, and as insectisides.™® This
variety is due to the ability of phosphorus to occur
in a large number of different valence and coordina-
tion states.

The electronic structure of phosphorus consists of
15 electrons in the ground-state distributed as
1s522522p®3s23p,13p,13p,t. This distribution and the
relevant orbital energies lead to well-defined families
of tri-, tetra-, penta-, and hexacoordinate derivatives
in which the ligands can be organic or inorganic.

The phosphorus atom forms many types of com-
pounds. Some of the general types with the orbitals
used in the formation of the bonds and their geometry
are shown in Table 1.476
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The direct synthesis of organic phosphorus com-
pounds from elemental phosphorus has attracted

© 2002 American Chemical Society

Published on Web 02/07/2002



630 Chemical Reviews, 2002, Vol. 102, No. 3

Osman and El-Samahy

Table 1
Number of Orbital or Directional
bonds or hybrid properties Example
valency and Geometry
3 P pyramidal PH;
(Lone pair
present)
; PH,”
4 sp tetrahedral
OP(OH);. POCI4
(in compounds with PO and PS bond
d orbitals of phosphorus may be used
in dn - pn bonding)
5 sp’d trigonal PCly, PF;
bipyramid
6 sde‘ V octahedral P_F6

great interest, and it is possible to prepare a wide
variety of organophophorus compounds.”

The Wittig reaction, which converts an aldehyde
or ketone into an olefin by its reaction with phos-
phonium ylides,®~*2 opened up a new field of organo-
phosphorus chemistry. Also, the optically active
phosphines prepared by Horner and co-workers!415
greatly stimulated the entire field of phosphine
chemistry.

The alkyl esters of phosphorus acid are classified
into three groups: primary [ROP(OH),], secondary
[(RO),POH], and tertiary [(RO)sP]. The latter two
groups are the most important and reactive ones. The
dialkyl esters, however, show a little of the nucleo-
philicity exhibited by the trialkyl esters. This is
apparently due to the presence of phosphorus atom
in the pentavalent rather in the trivalent state. The
reaction of trivalent phosphorus reagents with car-
bonyl compounds assumed much greater synthetic
value when Ramirez et al.*672° discovered that the
adducts are capable of reacting further with a variety
of carbonyl compounds producing new carbon—carbon
bonds under very mild and neutral conditions.

The phosphorus accompanied by thiyl transfer,
such as with Lawesson’s reagent,3® converts ketones
into thioketones,3 amides into thioamides,® and
esters into the corresponding thionoesters.*3

The scope of this review is a survey of the reactions
of a-diketones and o-quinones with phosphorus com-
pounds, since these types of a-dicarbonyls exhibit
different reactivities, depending on the substituent
groups. Also, this review will throw light on the
importance of organophosphorus compounds in or-
ganic and bio-organic chemistry.

Il. Reactions with Elemental Phosphorus

The photochemical reactions of o-quinones with
elemental phosphorus has been studied by Kabach-
nik.3* Irradiation of a mixture of 3,5-di-tert-butyl-o-
qguinone (1) and white phosphorus in benzene at 35
°C in the presence of anhydrous CuCl, leads to the
formation of chlorophosphorane as a mixture of two
isomers, 3A and 3B, through the radical intermediate
2. This isomerization is due to a square pyramidal
configuration. Accordingly, its 3P NMR chemical
shift gives two signals.®>36

The irradiation of a mixture containing the sub-
stituted o-quinones 4 [R! = R® = t-Bu, R? = R*= H,;
R! = R* = t-Bu, R? = R® = H; R!R2 = R3R* = (CH)y;
RI=RZ2=R} =R*=ClILR'=R?2=R*=H, R® =
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CPh3] and white phosphorus in toluene or diethyl
ether yields the free radical 5 as shown by ESR.%7:38

\ + Py — . /P\O
R o) R . O
R R o R’
4
R* R2
)

When the above reaction was carried out in the
presence of the corresponding pyrocatechols, the
oxyspirophosphoranes 6 were formed in high yields.
Treatment of 6 with triethylamine gave the hexa-
coordinate phosphorates 7. The isomerism of certain
products was identified by 3P NMR.3%40

2
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2 o 0 R? 1 3
R \p/ , R o o R
3 N 3 R -/ R4
R S A0 HNEL
4 o R R o /\O 3
4 O,
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The oxidation of white phosphorus by substituted
o-benzoquinones 4 (R'=R?2=R®=R*=ClI,Br;R' =
R3 = t-Bu, R? = R* = H) in the presence of bromine
forms the bromophosphoranes 8.41 Also, it has been

R

! R’ L i
P P
/ N\
RS o l\o RS- o/( o) S
R* Br R SePh

8 9

reported that 3,5-di-tert-butyl-o-quinone 1 does not
react with white phosphorus and Ph,Se,, but in the
presence of catalytic quantities of bromine the reac-
tants produce the phosphorane 9.4 The ESR spectra
identified the presence of the corresponding o-semi-
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quinone species of these reactions. The '3C and 3P
NMR spectra of these phosphoranes are reported.*

lll. Reactions with Low-Coordinated Phosphorus
Intermediates

Phosphinidenes (R—P:),%243 phosphinidene oxides
(R—P=0),* and phosphinidene sulfides (R—P=S)*5-47
have been proposed as reactive species derived by
the reaction of their corresponding dichlorides with
magnesium or zinc metal. These low-coordinated
phosphorus compounds are postulated as intermedi-
ates in the formation of 1,3,2-dioxaphospholenes
by their reactions with a-diketones***® and o-
quinones.*8-50

Schmidt et al.*® have reported that the reaction of
benzil (13) with phenylphosphinidene (12) generated
by photochemical decomposition of pentaphenylcyclo-
pentaphosphane (10) or by thermal dechlorination of
phenylphosphonous dichloride (11) with zinc gives
2,3,5,7,8-pentaphenyl-1,4,6,9-tetraoxa-5-phosphaspiro-
[4.4]nonadiene (14).43

hv

(PhP)s
10 Ph
. 0 Ph._-O_ O._Ph
[ Ph—FP: l + —_ | /P\ |
PR 0 pn 0" | o e
12 Ph
(PhPCly) 2 3 "

11

On the other hand, Chasar*® found that aryloxy-
phosphinidenes 16 can be generated by the reaction
of 2,4-di-tert-butyl-4-methylphenylphosphorodichlori-
dite (15)%' with magnesium and then trapped by
substituted o-diketones 17 (R' = Ph, R? = Me; R! =
R? = Ph; R! = R? = p-MePh; R! = R2 = p-MeOPh) in
tetrahydrofuran to give 1,3,2-dioxaphospholenes 18.48

/

SN
. Mg .
Me O—PCl, Me O—P:
X

X
15 16

1 . RO
R o) I
. 2
/20 2 THF
18

Similarly, by the same procedure, phenanthrene-
quinone and 3,5-di-tert-butyl-o-benzoquinone react
with the phosphinidene 16 to form the corresponding
products 19 and 20, respectively.*® These reactions
are good evidence for the existence of the monocoor-
dinate aryloxyphosphinidene intermediate (RO—P:).

£ \
O o] X SN S
O \P—o—OMe P-0 Me
/ p 7
DA L
19

20
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Phosphinidene oxides and phosphinidene sulfides
as dicoordinated phosphorus compounds would be
expected to behave similarly as phosphinidenes. In
1986, it was demonstrated by Chasar and co-work-
ers®? that phosphorodichloridites 21 with sterically
demanding O-aryl groups could be controlled by
partial hydrolysis to give 1,3,5,2,4,6-trioxatriphos-
phorinane derivatives 23, via the phosphinidene
oxides 22. The trimer 23 reacts quite readily with 3
equiv of tetrachloro-1,2-benzoquinone in chloroform
at room temperature to form the cyclic phosphate 24,
which with water gives the ring-opened product 25.52

(I)Ar
o ™o
o H,0 o
ArO—FPCl, -m" ArO—P=0| — FL FI>
? Ar0” o TOAr
21 22

23
Cl
Cl (0]
Cl o
Ct
Cl <|3| Cl
cl O—R—OAr ho Cl o0
OH 22 Foar
Ci OH cl o
Cl Cl
25 24

When phosphonic dichlorides 26 (R = Ph, cyclo-
CeHi1) are dechlorinated with a slight excess of
magnesium in the presence of benzil, they give the
a-benzoylbenzyl phosphonates 29, derived from 1,3,2-
dioxaphosphole 2-oxides 28, together with a consider-
able amount of diphenylacetylene.*®

Ph Ph
Ph._.O
0 X 7=
i Cl Mg o Ph" 0 o 0
R—P? R-P=0 | — 0 . N
Cl MgCl, "
26 27 R ©
28
Ph-CHBz
O. _OH H,0
Ph-C=CPh  + RS 2
R o

29

However, the reaction of phosphinidene oxides
intermediate 27 (R = NMe;,, t-Bu) with 3,5-di-tert-
butyl-o-benzoquinone in toluene-dg or benzene-dg led
to the formation of 1,3,2-dioxaphosphole 2-oxides
30_49,50

_
o} _0
Pl
X o/ R
30

The unstable tert-butylphosphinidene oxide (32)
can be detected when the thermolysis of the cis-1,2,3-
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tri-tert-butylphosphirane oxide (31) is carried out in
the presence of 9,10-phenanthrenequinone [4, R'R?
= R3R* = (CH),4] and 3,5-di-tert-butyl-o-benzoquinone
(4, R = R® = t-Bu, R? = R* = H) in benzene-ds to
yield a quantitative yield of 1,3,2-dioxaphosphole
2-oxide 33.54

MesC CMe;
60 °C . Me3C\ )
<P e [ Megc—P:oJ + c=c/

H

H
O “CMe,

CMe;

32
31

The phosphonothioic dichlorides 34 (R = Ph, cyclo-
CeH11) react with an equimolar amount of magne-
sium in the presence of benzil in tetrahydrofuran
(THF) to give 1,3,2-dioxaphosphole 2-sulfides 36,
suggesting the intermediancy of phosphinothioylidenes
35.4%

Ph._O
Ph._-0O
ﬁ Mg v PhIO S
R-P—Cl —— | R—P=§ | ——— S
oI MeCh P 0 R
34 35 36

Phosphinothioylidene, generated by thermal cyclo-
reversion from phosphine sulfide 37, was trapped by
[4 + 1]-cycloaddition with o-quinones 4 [R'R? = R3R*
= (CH)4; Rt=R2=R3=R*=Cl, Br; Rt = R® = t-Bu,
R? = R* = H] to give dioxaphospholane sulfides 38.
Solvolysis of 38 with methanol affords the phospho-
nates 39.5

Me 0 R*
37 38
R1

R? OH
s MeOH
i_Ph

3 P
R e © OMe

IV. Reactions with Halogenated Phosphorus
Compounds

The nucleophilicity of the phosphorus lone pair of
electrons decreases with increasing electronegativity
of the substituents on trivalent phosphorus as PX;
(X = F, ClI, Br). Phosphorus trichloride reacts with
3,5-di-tert-butyl-o-benzoquinone (1:1) in toluene at
—60 °C to room temperature to give 96% yield of the
cyclic adduct 40,6 whereas phosphorus tribromide
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L A
+ PCl; — PCl
P o X g ¢

with cyclobutenedione derivatives 41 (R = R' = OH,;
R = H, R" = OH) in carbon tetrachloride at 0 °C
affords 3,4-bis(diphenylmethylene)cyclobutane-1,2-
dione 42, which upon treatment with bromine in 99%
acetic acid yields 2,2,5,5-tetraphenyl-3-bromo-4-
methoxalyl-2,5-dihydrofuran (43)%7 in 45% vyield.

0
Ph _CCl_
+ PBry
Ph 5
PH R
a1
Ph. _O_ Ph
PhQ(Ph B
B co-coome AOH

The reaction of phosphorus dichlorides 44 (R = Me,
Et, Ph) with 2,3-butanedione (45) in benzene solution
under carbon dioxide produces the cyclic enol esters
of (2-chloro-3-oxobutyl)phosphonic acids 46.58:5°

Me<_.O cl Me o\ 0
* RPL — | K
Me” SO cl R

45 44 46

The oxidation of difluorophosphines 47 with benzil
and o-chloranil leads to the corresponding difluoro-
phosphoranes 48%° (R = Ph) and 495! (R= t-Bu, CPhs),
respectively.

F Ph o F Cl o F
R-PI | RR | PR
PR O F Cl o F

o]

47 48 49

Hexafluorobiacetyl (50) reacts with phosphorus
fluorides 51 [R = Ph, NEt,, N(CH, = CHCHy),, ProO,
R' = F; R = Ph, p-tolyl, R" = NEt;; RR' = O(CH,),0,
0-CsH40O,] in oxidative addition to form stable cyclic
oxyphosphoranes 52.52

o
R
I +OFPL

F,C7 Y0 FaC

FiC

50 51 52

Treatment of N-methylisatin (53) with sodium in
dry tetrahydrofuran (THF) followed by addition of
phosphorodichloridates 56 (Z = O; R = Et, Ph) and
phosphorothiodichloridates 53 (Z = S, R = Et, Ph)
gives the dioxaphospholes 57.%% The synthesis in-
volves the initial formation of diradical dianion 54,
by electron transfer from sodium to diketones 53 by
radical coupling to give the dianion 55.%4
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2NafTHF \
N ONa D ONa

)
Me

53 54 55

@w

57

f
RO- P\Cl

Similar reaction of acenaphthenequinone with 56
yields the corresponding dioxaphospholes 58.53

\//
) o

58

Dialkyl phosphorochloridites 59 (R = Et, Pr, Bu,
i-Bu) with o-diketones 17 (R = R? = Me, Ph) are
heated in a sealed tube for 8—10 h at 100 °C (R =
R2 = Me) and at 150 °C (R! = R? = Ph) to form
2-alkoxy-2-oxo0-1,3,2-dioxaphospholes 61, via inter-
mediate 60.5°

RO A R’ o /OR
I +  (RORPCI —> I R—OR
RO R? o Ci
17 59 60
R._0o 0
4
g2 d “OR -RCI

61

o-Chloranil is added to the phosphorus atom of
chloro(chloromethyl)methylphosphine (62) in benzene
solution and reacted for 3 h to give the phosphorane
63.56

Cl Cl
C|:<:\Eo CHCl CIj i o CHLCI
+ P\—Me | P Me
Cl o} ] cl o CI
Cl Cl
62 63

Partial oxidation of 1,1,3,3-tetrachloro-1,3-diphos-
phapropane (64) with tetrachloro-o-benzoquinone
furnishes the methylene bridged A3P, A°P species 65.
Subsequent reaction with 4 equiv of diethylamine
gives compound 66, which has been identified by 3'P
NMR and mass spectra. The addition of triethyl-
amine to the cold solution of 66 in toluene, which is
allowed to stand at room temperature for 23 days,
produces the condensed ring system 68 with the P=
C bonds connected to a central four-memberd ring
through the intermediate 67. Compound 68 displays
crystallographic inversion symmetry, a short trans-
annular P—P distance, and an extremely distorted
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tetrahedral coordination geometry at the four-mem-
bered ring phosphorus atom.®’

H_ H
cl CLP” TPCl,
cl o O/ N\
+ ClP-CHp-PCly —> 4 ENH
cl o Cl Cl -2 Et;NH,CI
64
c ¢’ c
65
c. ¢
e
g D NEt, Cl HoH
ANEPSNEL, BN L EL,NG X
EtpN~pr O/ EN1 & ENTL O
Et N/F; l? 2N 5 o 2NEty 2% 9 0
g o - -—
cl cl ci cl
o] cl
c’” c’ c
c u - -
68 67 66

V. Reactions with Tertiary Phosphines

The reductive dehalogenation of a halogen in
o-diketone by triphenylphosphine gives the stable
C-phosphonium salt; for example, the reaction of
triphenylphosphine with 3-bromo-1-phenyl-1,2-pro-
panedione (69) in tetrahydrofuran (THF) yields the
quaternary phosphonium salt 70, which upon treat-
ment with an aqueous solution of sodium carbonate
produces [(benzoylcarbonyl)methylene]triphenylphos-
phorane (71).68

Ph._0O ~ Ph._0O
I + PPhg ——  Br | I
BrH,C™ O PhsP-H,C” O
69 70

Ph._0O A—‘
I Na,CO,
PhsP=HC™ O

71

Similarly, 4-(bromomethyl)benzil (72) reacts with
triphenylphosphine in benzene solution to give the
phosphonium salt 73 in 89% yield.%°

0 0

72
9 Q L
QC—COCHZ—PPh3 Br

73

The reaction of triphenylphosphine with a-dike-
tones is recommended as a convenient method for the
preparation of dimeric ketones known to be widely
used as dyestuffs.”® So, isatin 74 (R = R’ = H) and
N-methylisatin 74 (R = Me, R" = H) react with
triphenylphosphine in dry toluene for 20 h to give
indirubin 75 in about 90% yield.™
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R
O N
o R
R PPhg N
o —_— R
N
\ R @]
R
74 75

By the same manner, acenaphthenequinone, naph-
tho[2,1-b]furan-1,2-dione, and benzo[b]thiophene-2,3-
dione react with triphenylphosphine to give the
corresponding dimeric structures.”>”2 While 5-meth-
ylisatin 74 (R = H, R' = Me) reacting with triphenyl-
phosphine in a 1:2 molar ratio in boiling toluene for
6 h forms the ylidenetriphenylphosphorane 76.7

PPh,

Me
0
N

\
H

76

Horner and co-workers’#" reported that the reac-
tion of triphenylphosphine with o-benzoquinone 77
(R* = R? = H) and its tetrachloro derivative 77 (R! =
R2 = CI) gives the phosphonium enolate 78, which
also obtained from the photochemical reaction of
phenanthrenequinone 77 [R'R? = (CH),] with tri-
phenylphosphine in the presence of water.”®

i R Ph
2 2 O+
R O pphy; R P-Ph
_ Ph
R 0 R 0]
R? R?
77 78

On the other hand, the reaction of tertiary pho-
phines 79 with phenanthrenequinone is reported by
Ramirez et al.”” They found that trimethylphosphine
79 (R = R' = R" = Me) in benzene solution at 25 °C
yields the unstable adduct, suggesting that the
oxyphosphorane 80 [R'R? = (CH)4, R=R' =R" =
Me] and the open dipolar ion 81 exist in rapid
equilibrium.”

R
e
R—P\ B
R
79
R R R
\J/ V
O/P\\R o +i|3\R
R 0 R! 0
R? R? R? R?
R R
80 81

For the given o-quinones 77 [R'R? = (CH),; Rt =
t-Bu, R? = H], the presence of phenyl rings instead
of alkyl groups on the phosphorus in 79 favors the
oxyphosphorane structures 80.7:78

4-Triphenylmethyl-1,2-benzoquinone (82) reacts
with triphenylphosphine in acetic anhydride at room
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temperature to give 3,4-diacetyloxytetraphenyl-
methane 83.7°

Acy0
Ph,C 8] 2 PhsC OAc

82 83

The reaction of phenanthrenequinone 77 [R'R? =
(CH)4] and 3,5-di-tert-butyl-o-benzoquinone 77 (R* =
t-Bu, R? = H) with triphenylphosphine in pyridine
at 80—90 °C and in the presence of liquid ammonia
gives the phosphole derivative 84, which has a cyclic
structure in solution and in solid state, while the
adduct 85 shows a tautomeric equilibrium with the
iminophosphorane 86 in solution.®

0, /Ph OH
/P\—Ph = /Ph
P ” Ph ) N=R—Ph

Ph
85 86

VI. Reactions with Phosphine Oxides and
Phosphine Sulfides

In the phosphine oxides the d-orbital system is
presumably fixed in the most energetically favorable
orientation with respect to the P—O bond, to allow
two 3d orbitals to overlap with the lone pairs on
oxygen. The phosphoryl oxygen atom (P=0) shows
little of the nucleophilicity of the P=C or P=N
groups, but under vigorous conditions, reactions do
occur.8 Triphenylphosphine oxide (87, X = O) is
added to 3,5-di-tert-butyl-1,2-benzoquinone 77 (R =
t-Bu, R? = H) in boiling methanol and water (1:1) and
reacted for 18 h to yield the hydrogen-bonded com-

plex 88 (R! = t-Bu, R? = H).”™
R R’
R o) R OH
PhsP=X O=pPPh,
R1 0O 87 R1
R2 X=0OorS R2
77 88

The hydrogen-bonded complex 88 (R* = R? = CI)
is also obtained with elemental sulfur when an
equimolar mixture of triphenylphosphine sulfide (87,
X = S) and o-chloranil 77 (R* = R? = Cl) was heated
under reflux in benzene solution. The proposed
mechanism has been explained.?

The reaction of dibutylphosphine sulfide (89, R =
Bu, X = S) with a-diketones 17 (R = R? = Me, Ph)
at about 35 °C affords the a-hydroxy derivatives 90.
When the additions take place in the presence of
sodium ethoxide at 60—120 °C for about 4 h, the
products of addition isomerize to 91.83
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R1 RZ R ﬂ( R Tl( R1 Rz
<+ P P
o © R R" HO ©
17 89 20

3,5-Di-tert-butyl-o-benzoquinone reacts with di-
methyl- and diphenylphosphine oxides (89, R = Me,
Ph; X = O) to furnish the catechol phosphinic acid
esters 92.84

' o] !

. =S -
o) P OH

P KR
0 P o Y

92

VII. Reactions with Phosphorus Pentasulfide and
Lawesson’s Reagent

Phosphorus pentasulfide is the sulfur-transfer
reagent, though it may lead to bis-thionation. When
squaric acid derivative 93 (R* = R? = NHBu) in
dichloromethane was treated with phosphorus
pentasulfide, it gave the dithio analogue 94 in about

70% vyield.8
R s
PsS19 — j:E
R2 S

The highly regioselective monothionation of squaric
acid derivatives 93 [R* = O-i-Pr, R? = Ph; R! = O-i-
Pr, R? = Bu; R! = O-i-Pr, R2—4 MeOCeH4, R! = O-i-
Pr, R2 = 4- Me,NCgH4; R = NEt,, R? = Ph Rl =
NBz,, R2 = OEt; R = N(CHz)zO R2 = OEt] with 0.5
mol equiv of Lawesson’s reagent 95 (R = OMe) in
dichloromethane at room temperature affords 4-thioxo-
cyclobut-2-enones 96.85 An X-ray structural investi-
gation of single crystal of 96 (R! = O-i-Pr, R? = Ph)
was carried out.8¢

93

R1

S s
WO I
\S/\\S R2/ N

96

Phenanthrooxathiaphosphole 2-sulfide derivatives
97 (R = OMe, OPh) are formed from the reaction of
9,10-phenanthrenequinone with Lawesson’s reagent
95 (R = OMe, OPNh) in boiling toluene for 2 h.87

O O O S S

Pn:

e Cre”
97
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Reaction of bis(squaramides) 98 (R* = Bu, R? = H;
R! = R? = Et, Bu) with excess phosphorus pentasul-
fide gives the analogous tetrathio derivatives 99.88

R! R!
Rz/N 0 RZ/N s
NG, O N,
H H
N 0 N S
N o) N S
§1 é1
98 99

Acenaphthenequinone 100 (X = H, Br) with an
8-fold molar excess of phosphorus pentasulfide in
boiling toluene for 16 h gives the diacenaphthol[1,2-
b:1',2'-e][1,4]dithiin 101 (X = H, Br), diacenaphtho-
[1,2-b:1',2'-d]thiophene 102 (X = H, Br), and deca-
cyclene 103 (X = H).8°

Q O
X

X P4Si0
refluxing toluene
16 h
100

S S + S +
LA x )
ISORY S .
101 102 103

VIIl. Reactions with Wittig Reagents

In 1953, Wittig and Geissler® found that the
reaction of benzophenone (104) with methylene-
(triphenyl)phosphorane (105) gives 1,2-diphenyl-
ethylene (106) and triphenyl phosphine oxide in
almost quantitative yield.

Ph,_ P

C=0 +  PhP=CH, —=  C=CH, +  PhP=0
P Ph

104 105 106

The mechanism of the Wittig reaction is commonly
expressed in terms of two steps: (i) nucleophilic
addition of phosphorus ylide to the carbonyl com-
pound to give a betaine species and (ii) irreversible
decomposition of the betaine to form alkene and
phosphine oxide.®°~%°

The Wittig reaction of a-dicarbonyl compounds 17
(R = R? = H, Me, Ph, 2-furyl) with methylene-
(triphenyl)phosphoranes 107 (R = Et, Ph, CN, COMe,
COPh, COOMe, COOEt) affords the alkene formation

Osman and El-Samahy

I + H_ R + H_ R
ReP X RsP
6] + (e}
| R H H R
RyP=CHR' L
: H
R™CHO [ Rp—0O RsP—O
RN R'CH-CHR™
+ —_—
N
R RTRY R R;P=0

at only one of the two possible carbonyl groups©0-19
to produce (Z)- and (E)-isomeric adducts 108.102:106

R! R? R! R2

H +  PhP=CHR

0]

—_—

O
O
(@]
I
Pl

17 107 108

The reaction of 2,2-diethoxyvinylidene(triphenyl)-
phosphorane (109) with enolizing 1,2-diketones 110
(R*=H, R? =R8® = Ph; R! = R? = Me, R® = Ph) gives
the furan derivatives 111.%%7

RB
(0] O _OEt D
P4 +  PhyP=C=C —_— OFt
3 152 N, R A
R CHR'R OFt /c o Vot
RZ
110 109 111

Furthermore, the phosphorane 109 reacts with
enolizing cyclic 1,2-diketones 112 (n = 2, 3) to yield
ethoxycarbonylmethylene(triphenyl)phosphorane and
the cyclic adducts 113, whereas diones 112 (n = 4,
5, 9) affords the corresponding phosphoranes 114. An
intramolecular Wittig reaction for compounds 114
spontaneously gives the furan derivatives 115.108

=23 °
n= PhyP=CHCOOEt + (CHy),

\-cH” ot

- Ph3P=C=C(OEt
(CHy)yey|  LRPCEOB0: 13
o 109 O _PPhy

7
n=4,59
112 (@ OEt
CH

0" oet

l 114

3,3,5,5-Tetramethyltetrahydro-1,2-cyclopentanedi-
one (116, X = CHy,) with phosphonium ylide 109 in
benzene solution yields the allene product 117, which
upon heating at 140—160 °C forms the dimeric
structure 118 (X = CH,).1%%11° On the other hand, 3,4-
furandione derivative 116 (X = O) affords directly
the dimeric adduct 118 (X = 0).11°

Similarly, treatment of 1,1,4,4-tetramethyltetralin-
2,3-dione (119) with the same ylide 109 gives the
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O, O Q

Benzene

Me Me . PhP=C-C(OE), —0—n » Me Me
X =CH.

Me X “Me
109

Benzene

X=0

116

allene structure 120, which on prolonged heating at
100 °C forms about 1% yield of the dimer 121.%11

Me Me Me_ Me JOEt
O C=C_
OEt
(0] [e]
Me  Me Me Me
119 120

Cyclobutane-1,2-dione (122) undergoes bis-Wittig
reaction with ethoxycarbonylmethylene(triphenyl)-
phosphorane (123) to produce (Z,E)- and (E,E)-
dimethylenecyclobutane (124a, 28% yield; 124b, 10%
yield), respectively.1%

H
H o H H COOEt
H PhyP=cHcooE:_ COOEt  H H
—— .
H 12 H H H H
o0 H
COOEt COOEt
122 124a 124b

The reaction of cyclohexane-1,2-dione (125) with
the same phosphonium ylide 123 affords the o,3-
unsaturated ketone 126.19°

CEO CECHCOOEt
O O
125 126

The reaction of benzocyclobutenedione (127) with
2 mol equiv of methoxycarbonylmethylene(triphenyl)-
phosphorane (128) in dichloromethane at room tem-
perature affords 1,2-dimethylenebenzocyclobutene
129 in 85% yield.'? Carrying out the same reaction
using 1 mol equiv of ylide forms methylenebenzo-
cyclobutanone 130 in 93% yield.!'?

12 CHCOOMe
— -
CHCOOMe
o 129
+  PhyP=CHCOOMe —
o)

128

A o
127 11 @
L,
CHCOOMe

130
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Diphenylcyclobutenedione (131) reacts with meth-
ylene(triphenyl)phosphoranes 107 (R = COOMe,
COOEt, COOCMez;, COOCH,Ph, COPh) in boiling
benzene to give (Z)- and (E)-isomers of cyclobuten-
ones 132. Also, treatment of dione 131 with ylide 107
(R = aryl) leads to the formation of only (Z)-isomer.*!3

H R
Ph o Ph Ph
T / H
Ph;P=CHR + ‘
107
Ph ] Ph 8] Ph ¢}
131 (2)-132 (£)-132

The reaction of phenylcyclobutenedione derivatives
133 (R! = OMe, SMe) with phosphonium ylides 107
(R = Ph, substituted Ph, 1-naphthyl) in tetrahydro-
furan or dimethylformamide gives the corresponding
cyclobutenones 134, while 3-phenoxy-4-phenyl-3-
cyclobutene-1,2-dione (133, R! = OPh) with ylides
107 (R = COOEt, COPh) affords (Z)-isomers of 134
beside the phosphoranes 135, resulting from substi-
tution of phenoxy group.'*

Ph e} Ph 0 Ph o
| G S G
R Yo R “CHR ~c o)
il
PPh,
133 134 135

3-Bromo-4-phenyl-3-cyclobutene-1,2-dione (133, R?
= Br) reacts with the ylides 107 to produce the
corresponding cyclobutenones 134 (R = Ph, o-, m-
tolyl, 0-CICsH,), by a Wittig reaction, and 135 (R =
COOMe, COOEt, COOCH,Ph, COOCMe;s, Bz, Ph, o-,
m-tolyl, 0-CICsH,), by transylidation.!®

The olefination of dialkyl squarates 136 (R! = allyl,
Bn, i-Pr, 3-pentyl, 2-methyl-4-pentyl) by Wittig reac-
tion using Wittig ylides 107 (R = COOMe, COOEt,
COOCMegs, CN) in tetrahydrofuran or benzene gives
the corresponding alkylidene products 138 as a
mixture of two isomers (E and Z) in ratio 2:1.

H | R H
R'O o PmP=<. RO 7 R'O P
107 H R
—-—»H +
EtO.. H
or
R'O o] ao’g_kﬁ R'O 0 R'O o)
l37+ base
136 (E)-138 (£)-138

Similarly, Horner—Emmons olefination of squarates
136 by phosphonates 137 in tetrahydrofuran in the
presence of sodium hydride as a base affords only (2)-
isomer 138.1%¢ The Wittig—Horner reaction of diethyl
(cyanomethylene)phosphorane (137, R = CN) with
squaric acid diamides 139 (NR, = NMe;, pyrrolidino,
piperidino) in the presence of a base yields the
monoalkene derivative 140 (NR, = pyrrolidino) as
(E)-isomer and 2:1 adducts 141 (NR, = NMey, pip-
eridino) as (Z,E)- and (Z,2)-isomers.'t’
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RaN 0 o RaN CHCN
D EtO. R=CN H
+ P CHy;-R ——
Et0” base
RoN Yo RoN CHCN
139 137 (E)-140

Reaction of benzil with Wittig—Horner reagent 142
in toluene in the presence of a base forms ethyl
B-benzoyl-a-ethoxycinnamate (143) in 70% yield.'*®

o}
Ph fe)
OFEt b OEt
I + BOpon e, Ph)>:<
Ph” O Et0” COOEt Ph COOEt
142 143

The Wittig—Horner reaction of 1-phenylpentane-
1,2-dione (144) with phosphorus reagent 145 in
tetrahydrofuran in the presence of triethylamine
gives the phosphonate 146 in 47% yield.*t®

EtCH
ZIO . EtO\g CH/COOCOCC|3
on S0 e ‘Me - CCLCOOH
144 145 o Me
0
Ph P(OE1),
CHEtO O

146

The reaction of a chiral phosphonate reagent (S)-
147 with meso-a-diketone 148 (R = SiPh,t-Bu) in
tetrahydrofuran at —78 °C yields nonracemic (Z2)-149
as a major isomer and (E)-149 in trace amounts.'?°

148

Meooc\%/ H—? OR

COOMe
(2)-149 (E)-149

When the above reaction is carried out between the
phosphonate 147 and o-diketones 148 (R = Ac, Bn),
the corresponding (2)-149 and (E)-150 are formed in
75% and 25% vyield, respectively.'?

MeQOC
HTY OR
o OR

(E)-150

Treatment of 9,10-dihydro-9,10-cyclobutanoan-
thracene-13,14-dione (151) with ethoxycarbonyl-

Osman and El-Samahy

methylene(triphenyl)phosphorane (152, R = Et) yields
153 as a mixture of two isomers.'??

O CHCOOEt

o ' R-Et
+ PhyP=CHCOOR ———
O Q 152

4,4-Dimethyloxolan-2,3-dione (154) reacts with
alkoxycarbonylmethylene(triphenyl)phosphoranes
(152, R = Me, Et) in tetrahydrofuran at room
temperature to produce a mixture of (Z)- and (E)-
isomers of alkyl (dihydro-4,4-dimethyl-2-oxo-3(2H)-
furanylidene)acetates (155).123124 While triphenyl-

151

Me COOR
" o) y COOR /—H
ez \ + PhyP=CHCOOR

o 0

154 152 (2)-155 (E)-155

phosphine carbon tetrahalide reagents 156 (X = Cl,
Br) with the same dione 154 form the respective
dihalomethyleneoxolanes 157 and 158.1%°

Me M X
€
M O 72X
X
N
o O

¢]
X
156 157 158

The reaction of alkoxycarbonylmethylene(tri-
phenyl)phosphoranes (152, R = Me, Et) with a-di-
ketones 159 (R* = ClI, Br, Ph; R? = H, Me, OMe, OEt,
Br; X = O, NH) affords the corresponding (Z)-isomers
of 2-alkylidene derivatives 160.1%6-128 The structure

R' o
Ph;P=CHCOOR X CHCOOR
R o 152 R? 160
[ Mo
X — o]
;
R2 R | 'N
159 |_Phyp=n-cN OJ\ N=PPh;

161 R2
162

of compound 160 (R* = Ph, R? = H, X = NH) was
identified by X-ray analysis.*?® On the other hand,
imino(triphenyl)phosphorane (161) with aryldihydro-
furandiones 159 (R! = H; R2 = H, Me; X = O) gives
6-aryl-2-[(triphenylphosphoranylidene)amino]-1,3-
oxazin-4-ones (162), via a thermolysis/[4 + 2]-cyclo-
addition, sequence involving intermediate aroyl-
ketenes.?°

The Wittig reaction of 5-aryl-2,3-furandiones 163
(R = aryl; R = H, Br, COPh) with the phosphoranes
164 (R? = H, Me, Br; R® = COOMe, COMe, COCgH,-
Br-4, COCsH4Cl-4) in boiling benzene forms the
2-alkylidene derivatives 165.1%0 The structure of 165
(R = Ph, R! = R? = H, R® = COOMe) was identified
by X-ray analysis.3°
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When the same reaction is carried out at room
temperature, the phosphoranylidene derivatives 166
are formed in good yields.130-132

2
A, benzene R[&(R
] ) R’ =H, Me, Br O R3
i[_i Phyp=CT 165
164
RNy 0 R o0
163 . RT_ / OHRs
R2=H R™g
PPh,

2-Benzylidene-4,5-dione (167) reacts with stabi-
lized ylides 152 (R = Me, Et) in boiling benzene to
give 1:1 adducts formulated as 168.133

0
o O O COOR
phCHJ\N Qo + PhyP=CHCOOR — 5 WNMPPM
! H O
o 152

168
167

When 3-methyl-1-phenyl-2-pyrazolin-4,5-dione (169)
reacts with methoxycarbonylmethylene(triphenyl)-
phosphorane (152, R = Me), the alkylidene 170 is
formed as a mixture of (Z)- and (E)-isomers.13*

Me, o] Me, CHCOOMe
7 < +  PhP=CHCOOR ——Me 7 (
N\ O N\ 0]
N 152 N
Ph Ph
169 170

The Wittig reaction of benzofuran-2,3-dione (171,
R! = R?2 = R® = R4 = H) with ethoxycarbonylmeth-
ylene(triphenyl)phosphorane (152, R = Et) gives a
mixture of 3-alkylidene-2(3H)-benzofuranone 172 and
2-alkylidene-3(2H)-benzofuranone 173, whereas

R1
2 CHCOOEt
0
1 R3 o
R2 R o RY 1n
mo PRP=CHCOOR
152, R=Et
3 Q »
R, 1
R? R0
171 CHCOOEt
R3 o
R4

173

the electron-donating substituent on the aromatic
ring in 171 (R! = R® = OMe, R? = H, R* = CI) with
the same ylide affords only 2-alkylidene-3(2H)-(7-
chloro-4,6-dimethoxy)benzofuranone (173), with high
regioselectivity.*® Treatment of 7-tert-butyl-5-meth-
oxy-2,3-dihydrofuran-2,3-dione (171, R' = R® = H, R?
= OMe, R* = t-Bu) with ylide 152 (R = Et) in benzene
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solution at room temperature yields compound 172
as a mixture of (Z)- and (E)-isomers.136137

The reaction of isatins 174 (X = NH, NAc; R = H,
Me; R? = H), benzo[b]thiophene-2,3-diones 174 (X =
S; R! = H, Me; R? = H), and naphtho[2,1-b]furan-
1,2-dione 174 [X = O, R'R? = (CH)4] with phospho-
nium ylides 107 (R = Ph, COMe, COPh, COOMe,
COOEt, CN) leads to the formation of 3-alkylidene
derivatives 175.73:103,104,138-145

R o R?

CHR
R! R!
O + PhP=CHR — 1)
X
107

X
174 175

Fluorenylidene(triphenyl)phosphorane (176, R' =
H) reacts with o-diketones 174 [X = O, R'=R? = H;
X =S, Rl =R?=H; X =0, Rt R? = (CH),] to give
the fluorene-9-ylidene derivatives 177.72

Reaction of acenaphthenequinone with several
Wittig reagents has been studied.194146-149 Ethoxy-
carbonylmethylene(triphenyl)phosphorane (152, R =
Et) reacts with acenaphthenequinone in ethanol at
room temperature to form cis- and trans-isomers of
ethoxycarbonylmethyleneacenaphthenone 178.146
Lefkaditis et al.»*"18 reported that the only product
Ccis-178 is obtained.

o-m

o]
(0] (0]

O, Z~H
OO + Php=chcoor FE O'O + N, 0
Et
ZF

152 cis-178

0 A0

trans-178

Treatment of acenaphthenequinone with phospho-
nium ylides 107 (R = H, Me, aryl, COMe, COPh,
COC¢H,CI-4), gives the corresponding acenaph-
thenones 179 in fairly good yields,'® whereas using
cyanomethylene(triphenyl)phosphorane (107, R =
CN) gives cyanomethyleneacenaphthenone (179, R
= CN) and the dimeric structure 180.4°

0 CHR NCHC o CHCN

179 180

The reaction of acenaphthenequinone with triethyl-
phosphonoacetate (181) in ethanol in the presence
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of sodium ethoxide gives the two dimeric products
having structures 182 and 183, respectively.1%°

0
EtO- ]

P—CH,COOEt
Et0” 2

181

Wittig reaction of m-methoxyphenethyl(triphenyl)-
phosphonium bromide (184) with acenaphthene-
quinone in boiling tetrahydrofuran under nitrogen
atmosphere and in the presence of sodium amide
yields  1-[2-(m-anisyl)ethylidene]acenaphthenone
(185).15t

O, (e}

N _
. . MeO PPhy Br  NaNH,
90

184

185

0-Benzoquinone 186 reacts with methoxycarbonyl-
methylene(triphenyl)phosphorane (152, R = Me) to
form the monoalkene 187, followed by Michael’s
addition of a second phosphorane molecule to give
the intermediate 188. The resulting phosphonium
betaine 188 eliminates triphenylphosphine to pro-
duce (o-hydroxyphenyl)fumaric acid esters 189, which
cyclizes via ejection of methanol to afford coumarin-
4-carboxylic acid methyl ester (190).%%2

O CHCOOMe
Ph;P=CHCOOR CE
CEO 152, R=Me 5

152

R=Me

186 187
COOMe COOMe ?00Me+
Gfi - MeOH @\)\ -Phyp @CH-?H-PPP‘IB
I D _ COOM
00 OHCOOMe . Ci e
190 189 188

Tetrachloro-1,2-benzoquinone reacts with ethoxy-
carbonylmethylene(triphenyl)phosphorane (152, R =
Et) in dichloromethane solution to form diethyl
(2,3,4,5-tetrachloro-6-hydroxyphenyl)fumarate (191)
as the major product, along with unexpected product
ethyl (2,3,4,5-tetrachloro-6-hydroxyphenyl)acetate
(192) and the coumarin derivative 193.153

Osman and El-Samahy

cl
cl o) .
+ Ph;P=CHCOOR ~ ———
cl o)
Cl 152
¢l H cl cl
0.0
Cl 0 COOEt Cl OH . cl
+
cl Z cl CH,COOEt  Cl 7
Cl  COOEt cl Cl  COOEt
191 192 193

Repetition of the above reaction in acetic anhydride
at 60 °C yields diethyl (2-acetoxy-3,4,5,6-tetrachloro-
phenyl)fumarate (194), its maleate derivative 195,
and acetylated ylide 196.%%4

cl Ac cl Ac
o}
ci © oot © ~
COOEt PhsP
cl 7 cl COOEt
Cl COOEt Cl
COOEt
194 195 196

When the o-chloranil is added portionwise to a
stirred solution of ylide 152 (R = Et) in the presence
of triphenylphosphine in dichloromethane, a mixture
of tetrachlorocatechol (197) in 13% yield, ethyl (2,3,4,5-
tetrachloro-6-hydroxyphenyl)acetate (192) in 37%
yield, and 4,5,6,7-tetrachloro-3-triphenylphosphora-
nylidenebenzo[b]furan-2(3H)-one (198 ) in a small
amount are obtained.*>*

cl cl
CIQOH CI@‘
o
cl OH cl
Cl cl  PPhg
197 198

The reaction of 3,5-di-tert-butyl-1,2-benzoquinone
(1) with ethoxycarbonylmethylene(triphenyl)phos-
phorane (152, R = Et) and/or its methyl analogue
(152, R = Me) in boiling dichloromethane forms a
mixture of (E)-ethyl (5,7-di-tert-butyl-2,3-dihydro-2-
oxobenzo[b]furan-3-ylidene)acetate (200), the cou-
marin derivative 201, and 5,7-di-tert-butyl-3-triphen-
ylphosphoranylidenebenzo[b]furan-2(3H)-one (202).153
Repetition of the above reaction at room temperature

for 3 h gives the same products.
o)
Ph;P-CHCOOR —— /CE 152,
X CHCQOR

-
199
4
O 0o
/
H COOR PPhy

ROOC

201 202

Reaction of the o-quinone 1 with 1 mol equiv of
ethoxycarbonylmethylene(triphenyl)phosphorane (152,
R = Et) in boiling ethanol gives ethyl (3,5-di-tert-
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butyl-2-hydroxyphenyl)ethoxyacetate (203), along with
compounds 200, 201, and 202.153

OH _Ac
.COOEt PhyP= C
P cH “COOEt

“OEt

203 196

The same quinone 1 reacts with 2 mol equiv of ylide
152 (R = Et) in acetic anhydride at 60 °C to form a
mixture of compounds 200, 201, and 196.%%*

In 1991, Abdou et al.**® found that the reaction of
3,5-di-tert-butyl-o-benzoquinone (1) with phospho-
nium ylides 152 (1 or 2 mol equiv) in benzene at room
temperature affords the monosubstituted a,5-unsat-
urated esters 199, whereas the same reaction in
boiling benzene using 2 mol equiv of ylide 152 gives
only the coumarin derivatives 201 in good yields.

4-Triphenylmethyl-1,2-benzoquinone (82) with
alkoxycarbonylmethylene(triphenyl)phosphoranes
(152) in benzene at room temperature gives the
adduct 204, which upon heating in toluene yields
4-alkoxycarbonyl-6-triphenylmethyl-2H-1-benzopyran-
2-ones (205) and 5-triphenylmethyl-3-alkoxycarbon-
ylmethylenebenzo[b]furan-2(3H)-ones (206) as a mix-
ture of (E)- and (Z)-isomers.156

& COOR
© Snben
/CE + Ph;PzCHCOOR%ﬁ Jij[; 3
PhsC 0 PhsC CHCOOR
82 152 204
0.0
PhsC” : X Phac/<jg;r
CHCOOR Loor

206

When the above reaction takes place in acetic
anhydride at room temperature, the fumarates 207,
maleates 208, benzofuran derivatives 209 (R! = H,
R?2 = CPhz; R = CPhz, R? = H), and diacetoxy
compound 210 are formed.”

OAc
COOR
PhsC Ph;C COOR
COOR

COOR
R O _Me OAc
X X
R2 COOR PhsC OAc

Reaction of o-naphthoquinone (211) with ethoxy-
carbonylmethylene(triphenyl)phosphorane (152, R =
Et) and/or its methyl analogue (152, R = Me) gives,
beside the coumarin derivatives 212 previously re-
ported,*®? the y-lactones 213.153
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*o Ph;P=CHCOOR ‘ic;fo ‘;{

COOR
ROOC
211

When acetic anhydride is used as a solvent in the
above reaction, diethyl (1-acetoxy-2-naphthyl)maleate
(214) and the coumarin derivative 212 are ob-

tained.1*
O OAc
99
OFt

| OEt

214

The reaction between phenanthrene-9,10-quinone
(215) and phosphonium ylides 152 was first reported
by Shechter and co-workers.'® They found that the
o-quinone 215 reacts with equimolar amounts of ylide
152 (R = Et) to give ethyl (9,10-dihydro-10-0x0-9-
phenanthrylidene)acetate (216, R = Et). Soon after-
ward, Bestmann and Lang reported!®® that the
reaction between the same quinone 215 and 2 mol
equiv of ylides 152 affords the coumarin derivatives
217. Also, the same result was obtained by Nicolaides
et al.153

‘ O pp,p-CHCOOR
—_———

215

o 152 O‘ 0.0
—_—

O CHCOOR 7

COOR

216 217

Treatment of o-quinone 215 with phosphonium
ylide 152 (R = Et) in boiling dichloromethane in the
presence of triphenylphosphine produces 3-(triphenyl-
phosphoranylidene)phenanthro[9,10-b]furan-2(3H)-
one (218) in 79% yield.1>

O‘ 0o
O PPh;

The reaction of phenanthrenequinone (215) with
the ylide 152 (R = Et) was studied in boiling
methanol and in acetic anhydride at 60 °C. In the

218
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case of boiling methanol, it gives 3-methoxyphenan-
thro[9,10-b]furan-2(3H)-one (219, 48%) and the cou-
marin 217 (35%). While, in acetic anhydride, a
mixture of diethyl (10-acetoxy-9-phenanthryl)fuma-
rate (220, 62%), coumarin 217 (25%), and the unex-
pected ethyl 2-methylphenanthro[9,10-b]furan-3-
carboxylate (221, 7%) is formed.%*

OAc
COOEt
COOEt

o-Ethylethoxycarbonylmethylene(triphenyl)phos-
phorane (222, R = Et) reacts with o-quinone 215 to
form furan derivative 221 with compound 223.1% On
the other hand, the reaction of ylide 222 (R = CH,-
Ph) with the same quinone affords phenanthro[9,10-
b]furan derivatives 224 and 225, respectively.1%8

(Do

— = 21 o+ OH
(X

O o) R

‘ PhyP=C—COOE! 223

0 0 222

Q. O,
R=CH,Ph ‘ S—pn ‘ o
() () Gen

225

221

COOEt

Benzo[a]phenazine-8,9-dione (226) undergoes Wit-
tig reaction with alkoxycarbonylmethylene(triphenyl)-
phosphoranes (152) in tetrahydrofuran solution at
room temperature to produce benzo[a]furo[3,2-h]-
phenazine-1,2-dicarboxylates (227).1%8

L
O S + PhyP=CHCOOR —»
NT ¢l

o) 152
OC%
COOR

226
H

227

Wittig reaction of cyanomethylene(triphenyl)phos-
phorane (228) with phenanthrenequinone (215) in
boiling benzene for 6 h produces a mixture of 2,3-
dicyanophenanthro[9,10-b]furan (229), 2-(9-hydroxy-
phenanthren-10-yl)-1,2-dicyanoethylene (230), and
phosphonium ylide 231.149

Osman and El-Samahy

(o
‘ + PhyP=CHCN ————»
0
228
215
CN

1
OO e o
‘ CN C—CN CH-CN
[ ) g
g g
229 230

231

Treatment of phenanthrenequinone (215) with
benzoylmethylene(triphenyl)phosphorane (232, R =
Ph) affords the mono-olefination adduct 233, while
using another molecule of same ylide 232 gives fused
cyclobutene 234.157

Ph;P=CHCOR ‘
232 O CHCOPh

In 1989, Nicolaides et al.'® reported that the
reaction of benzoylmethylene(triphenyl) phosphorane
(232, R = Ph) with phenanthrenequinone (215) in
dichloromethane solution forms a mixture of the
corresponding products 235 (R = Ph), 236 (R = Ph),
237, and 238, while using acetylmethylene(triphenyl)-
phosphorane (232, R = Me) with the same quinone
215 leads to the formation of compounds 235 (R =
Me) and 236 (R = Me).

233 234

(o
‘ CHCOPh
O COPh

238

3,5-Di-tert-butyl-o-benzoquinone (1) reacts with
ylides 232 (R = Me, Ph) in boiling benzene or ethanol
to give 1,2-di-o,-unsaturated ketones 239.1%°

0 CHCOR
+  PhyP=CHCOR ——
X 6] B\ CHCOR
1 232 239

The reaction of 4-methylchromene-2,7,8-trione (240)
with alkoxycarbonylmethylene(triphenyl)phosphoranes
(152, R = Me, Et) in dichloromethane at room
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temperature gives the pyranocoumarines 241. Also,
o-quinone 240 reacts with phosphonium ylide 232 (R
= Me) in boiling dichloromethane to produce the
furocoumarins 242 (R = Me, R" = H; R = Me, R' =
CH;COMe), but in the case of ylide 232 (R = Ph),
the products 242 (R = Ph, R" = CH,COPh) and 243
are afforded. When o-quinone 240 is allowed to react
with ylides 107 (R = CgH,OMe-p, CH=CH,, CH=
CMey), the dioxolo compounds 244 are formed. The
structure of adduct 242 (R = Me, R' = CH,COMe)
was identified by X-ray analysis.1®°

Me

~
Ph;P=CHCOOR
152 o} o0
0"R
241
Me Me Me
N Ph,P=CHCOR ~ ~
I i
0 00 232 o 00 o Ny o0
o] — H H
R R PhOC"  COPh
240 22 s
Me
N
PhyP=CHR
107 OQ\/O\ALO
HAO

244

Phenanthrenequinone [4, R'R? = R3R* = (CH),]
and naphthoquinone [4, R'R? = (CH),, R® = R* = H]
react with 1 mol equiv of benzylidene(triphenyl)-
phosphorane (107, R = Ph, C¢H,OMe-p, CsH4Br-p)
to yield the stable o-quinone methanides 245. While
in case of 2 mol equiv, the dihydrofurans 246 are
formed_152,157,161

1

R R! R!

2 (o) 2 2

R R O g R OH

+ PhyP=CHR ——» —_—

R® o R? CHR R3 gR

R4 107 Rd R4 H
245 246

4

On the other hand, the reaction of methylene-
(triphenyl)phosphoranes 247 (R = R' = Ph; R = H,
R’ = Ph) with substituted o-quinones 4 (R! = R? =
RE=R*=CILBr;R'=R®*=tBu,R?=R*=H;R'=
R* = t-Bu, R? = R® = H) affords the corresponding
1,3-dioxole structures 248. The reaction involves
formation of an intermediate epoxide, which isomer-
izes to the dioxole derivatives.152.1627164 Also, fluore-
nylidene(triphenyl)phosphoranes (176, R' = H, Br)
react with the same quinones 4 (R! = R2=R3 = R4
= CI, Br; R! = R® = t-Bu, R? = R* = H) to form the
1,3-dioxole adducts 249.162.163

.
R’ R' O
R? or R o
PhyP=CRR X ——
R® g R R3 0
247 R4 R
248 R

249
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Phenanthrenequinone (215), benzo[a]phenazine-
5,6-dione (250), and 2-phenyl-2H-naphtho[1,2-d]tria-
zole-4,5-dione (251) react with fluorenylidene(tri-
phenyl)phosphoranes (176, R" = H, Br) in benzene
or toluene to yield the corresponding fluorenylidene
derivatives 252 (R' = H), 253 (R' = H, Br), and 254
(R" = H, Br), respectively.157.165

L,
&

215

i
s
® Lko
(o]
250

Q PPhy

176

254

The reaction of o-chloranil 4 (R'=R? =R3=R*
Cl) and phenanthrenequinone 4 [R'R? = R3R*
(CH)4] with active phosphacumulenes 255 (X = O,
S) occurs by the [2 + 2]-cycloaddition of one carbonyl
group in the quinones to the ylidic C—P bond of the
ylides 255 to form the oxaphosphetanes 256 as an
intermediate. The unstable ketenes 257 are formed
by elimination of triphenylphosphine oxide, which
add another molecule of 255 to produce the phos-
phoranylidenecyclobutanes 258.166

X
R RT - C
R? o) R?
+ PhyP=C=C=X — o—FPhs
R3 0 R3 0]
4 4
R 255 R
4 256
l - PhyP=0
X PPh
R! R’ X
R2 Y X 255 R? C/’C
R3 0O R3 0
R4 R*
258 257

Phosphoranylidenecyclobutanes are also formed
from the reaction of acenaphthenequinone,*®® benzo-
[b]thiophene-2,3-dione,*° and 3,4-diphenylcyclobutene-
dione'%® with active ylides 255.
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Wittig—Horner reagent 181 reacts with o-chloranil
in 2:1 molar ratio in the presence of alcoholic sodium
ethoxide at room temperature to give the phospho-
nate derivative 259, while phenanthrenequinone
(215) reacts with the same phosphonate 181 at 70
°C for 8 h to yield 2,3-dicarbethoxyphenanthro[9,10-
b]dihydrofuran (260) and the dimeric product 261.1%°

Ct

O]::EO COOEt
Gl Q_o&t

Et0_Q oo cl PL
_P—CH,~COOEt OEt

EtO RT cl o o

181 Cl

o
oo

70°C
COOEt

260

The reaction of a-phosphoryl sulfoxide 262 with
3,5-di-tert-butyl-o-benzoquinone (1) in sodium ethox-
ide solution at room temperature forms the quinone-
methanephosphonate 263 in 63% yield.'®” Under the

o EtO\(I? 9 0o
+  ZP—CH;-S—Me — . pA-OEt
X o] EtO N C\/ “OEt

1 262 §=O
Me
263

same experimental conditions, o-chloranil and o-
naphthoquinone are reacted with phosphonium re-
agent 262 to give the dihydrofuran phosphonate 264
and trans-bis(methyl sulfoxide) coumaran 265.67

CI i
(o] S-Me
Cl 0 g/OEt
~ -
o om (I Y g
Cl S~Me
o]
264 265

Several unsaturated cyclic compounds have been
prepared by treatment of bis-phosphonium salts with
a base in the presence of a-dicarbonyl compounds,
through a double reaction, termed a bis-Wittig
reaction.168-173

Benzil reacts with dimethyl ether o,a’-bis[triphenyl-
phosphonium] dibromide (266) in tert-butyl alcohol
in the presence of potassium tert-butoxide to give 3,4-
diphenylfuran 267 in 30% yield.168

~ + Ph_O
Br PhaPﬂo -BuOK PmPao Phio PhUPh
Br phsﬁJ Ph3P=-/ +BuOK o

266 267

The saturated bis-ylide 268, obtained from butan-
1,4-bis[triphenylphosphonium] dibromide and potas-

Osman and El-Samahy

sium tert-butoxide, is fairly stable and reacts with
o-diketones 17 [R* = R? = Me; R! = Me, R?2 = Et; R!?
= Ph, R? = H; R'R? = (CH,),,, n = 2, 3, 4] to produce
2,3-dialkyl-1,3-cyclohexadienes (269).174

1
R* R
IO . CPPh3 C[
K20 _PPhj g 2
17 269

268

An unusual reaction occurs when benzil (17, Rt =
R? = Ph) and its p-substituent 17 (R = R? = CgH,-
Cl-p) react with bis-salt 270 in the presence of
lithium ethoxide solution as a base to yield the cis—
cis intermediate 271. The polycycle 272 is formed
from several oxidation steps of 271.17°

PhaP PPh R1IO

3 3 2 Vi N R’

_ > R2 N0

Br Br 17 |PhsP™ H
OO LiOEt / EtOH PhsPy, H.~ R2

270 L ‘ O

Condensation of biphenylene-1,8-bismethylidene-
triphenylphosphorane (273) with glyoxal (17, R! =
R2 =~ H) in tetrahydrofuran at 45 °C leads to the
formation of cyclooctatetraene 274.176

PP

273 274

On the other hand, the reaction of bis-ylide 275
with biacetyl (17, R = R? = Me) and benzil (17, R?
= R? = Ph) in benzene or dioxane affords the
intermediate carbonyl benzylidenephosphorane 276,
which undergoes an intramolecular Michael addition
with elimination of triphenylphosphine to form the
corresponding dibenzonorcaradiene derivatives 277.177

@ v | LR
= 2
~PPhg K (})C\C/R
—_— IOI
7 -
~pph, cH
"PPh,

275 276 277
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The reaction of diphenylcyclobutenedione (131)
with dimethyl thioether-a,a’-bis[triphenylphospho-
nium] dichloride (278, X = Cl) in an ethereal solution
of butyllithium as a base gives the bicyclo adduct 279
in low yield, which upon heating under nitrogen at
160 °C for 1 h affords the dimeric structure 280.168178

- +
Ph. O X PhoP~ p N
H o +JS ether . S
PH 0 X PhyP Ph
131 278

279
Ph Ph
S o NPT e
e ey
Ph Ph

Similarly, 3,4-cyclobutanedione and benzocyclo-
butanedione react with bis-ylide 278 to form the
corresponding adducts 281'7° and 282,18%181 respec-

tively.
— =
. :
S T
281 282

Bis-Wittig reaction of dione 131 with bis-salts 283
and 284 in the presence of lithium ethoxide as a base
at 90 °C gives 1,2-diphenylnaphtho[b]cyclobutadiene
(285) and 1,2-diphenylanthra[b]cyclobutadiene (286)
in 20% and 16% yield, respectively.8?

+ _
@EPPh;, Br
+ -
PPh; Br

SO
283 Ph
285

Ph, 0O
.
JE[ PPhy BT
Ph 0 },th Br; OOO.] Ph
131 284 oh
286

Acenaphthenequinone reacts with 1,4-bisphospho-
nium salt 287 in dichloromethane in the presence of
lithium hydroxide to afford the bis-Wittig product 288
in 24% yield with o-quinomethane derivative 289 in
4% yield.*83

o, O Q O
- +):(S =, O’O s+
Cl PhsP N Ve Me \\ Me
Me s

287 288 289

By the same manner, o-chloranil and phenan-
threnequinone react with bis-salt 287 to produce the
dioxole derivative 290 and 10-hydroxy-10-(2,4,5-
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trimethyl-3-thenyl)phenanthren-9-one (291), respec-
tively.183

290 291

On the other hand, 4,7-phenanthroline-5,6-dione
and the salt 287 are treated with aqueous lithium
hydroxide to form the cis-292 and trans-293 isomers
of bis-Wittig product, along with compound 294 in
low yield.183

1,3-Bisphosphonium salt 295 (X = Br, Y = O)
reacts with phenanthrenequinone (215) in dimethyl-
formamide in the presence of lithium ethoxide to give
296 and the unexpected product 297. Under the same

R0 B

experimental condition, the salts 295 (X =CI, Y =
CO; X =Cl, Y =5; X =Br, Y = CHy) with
phenanthrenequinone afford the related compounds
298, 299, and 300, respectively.8

.,
9y,
COOEt O

o-Xylenebis(triphenylphosphonium bromide) (283)
reacts with phenanthrenequinone (215) in dimethyl-
formamide and in the presence of lithium ethoxide
as a base to give the polycyclic aromatic compound
301.18 Also, o-naphthoquinone, acenaphthenequino-
ne, and 4,5-dimethoxy-1,2-benzoquinone show similar
behavior toward reaction with the same ylide 283 to

X Phy P—\
X Phy ﬁJ

300
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OC T — O
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yield the corresponding polycyclic hydrocarbons.85186
Meanwhile, o-chloranil reacts with bis-ylide 283
under the same experimental condition to produce
the unexpected bis-benzodioxole derivative 302.185

301

cl
cl 0
cl 0 283 o Cl
. o o ¢
¢l Cl

302

4,7-Phenanthroline-5,6-quinone undergoes bis-Wit-
tig reaction with ylide 283 in the presence of lithium
ethoxide to give naphtho[2,3-f][4,7]phenanthroline
(303),%8 whereas in the presence of lithium hydrox-
ide, phase-transfer catalysis gives, beside the poly-
cyclic compound 303 (11% yield), 2,3-bis(o-tolyl)-2,3-
dihydrofuro[2,3-f][4,7]phenanthroline (304) in 34%
yield.183

The reaction of 1,5-bis-phosphonium salt 270 with
phenanthrenequinone and o-naphthoquinone in the
presence of lithium ethoxide at room temperature
affords the 1-(o-hydroxyaryl)acenaphthenes 305 and
306 in 49% and 6% yields, respectively.18

+ -
O CH,PPh; Br
N _

CH,PPh; Br

270

O OH O OH
MR YR

Treatment of phenanthrenequinone and 4,7-phenan-
throline-5,6-dione with 1,6-bis-phosphonium salt 307
in dry dimethylformamide in the presence of lithium
ethoxide solution forms 9-(o-hydroxyaryl)phenan-
threnes 308 and 309.%%

305
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+ —
O CH,PPh; BF

N -
O CH,PPh3 Br

307

308

Reaction of bis(ylidyl)phosphonium chloride 310
with substituted o-quinones 4 [R! = R?=R3=R* =
Cl; R' =R®=1t-Bu, R®Z2=R*=H; R'IR? = (CH)4, R® =
R* = H; R'R? = R3R* = (CH),] in dichloromethane at
room temperature yields the corresponding bis(ylidyl)-
1,3,2-dioxaphospholenium salts 311.187

] Ph  Ph

R N _

R2 o Ph  Ph Ph3P)\/P\/\PF’h3 o]
_ o 0
, -

R f o R R*

R

4 310 rR2 R®

Benzo[k]fluoranthene 313 has been obtained from
the reaction of acenaphthenequinone with tetraethyl
o-xylylenediphosphonate 312 via the Horner reac-
tion.188

Eto(.?
S E D
+
S

EtO/

0
Seoe

312 313

O=‘U

IX. Reactions with Phosphite Esters

The reactions of alkyl phosphites with a-dicarbonyl
compounds have been investigated.*®1% In some of
these systems, the phosphorus atom attacks the
carbon of the carbonyl function group; however, in
others the phosphorus attacks the oxygen of the
carbonyl to produce five-memberd cyclic oxyphos-
phoranes.

o-Diketones 17 (R* = R? = Me, Ph; R' = Me, Ph,
R? = Et; R! = Ph, R? = l-azulenyl; R! = R? = CF;,
2-furyl) react with trialkyl phosphites to give 1:1
adducts of cyclic oxyphosphorane structure 315.191-202
The mechanism involves nucleophilic attack on oxy-
gen as the first step of a biphilic process leading to
the phosphonium enolate intermediate 314, which
very readily cyclizes to the final product 315.

1 RZ R1 R2 R1 R2
R —— —=
(ROP* O>_Téo — ] 0. 9 — O\P/O
RO™ F’\OR RO” | OR
Or
17 314 315
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Birum and Dever?® reported that the reaction of
trialkyl phosphites with biacetyl in proton-donating
solvent leads to the phosphate 317, which confirms
the intermediate formation of dipolar ion 316.

Me

Me Me (ELO)P Me\ | OEt
= C—C—0—POEt
o © OEt
316
me e @ ROH
C—C—O—POEt
[e} H OEt

On the other hand, Kukhtin and co-workers?204-207
showed that the reaction of biacetyl with tertiary
phosphites furnishes different adducts believed to be
derived from the cyclic oxyphosphoranes 315 and to
have structure similar to 318.

318

The cyclic unsaturated pentaoxyphosphoranes 315
are quite stable and sensitive to moisture. However,
on heating they regenerate the starting materials.?°8
They react very rapidly with water,'%2% with dry
oxygen,191:193.210 gnd with a variety of reagents, such
as bromine!®%2! and ozone.191.212.213

The nucleophilic additions of 1,3,2-dioxaphos-
pholenes 315 to a large variety of o-dicarbonyl
compounds give rise to new families of oxyphos-
phoranes. Thus, biacetyltrimethyl phosphite 1:1 ad-
duct 319 reacts slowly with a second molecule of
biacetyl and yields two diastereomeric forms of 2:1
adduct, having a cyclic saturated oxyphosphorane
structure with the new 1,3-dioxaphospholane.16:198214
These two forms are the meso form (320a, 80% yield)
and the racemic form (320b, 20% yield).

Me — Me Mef’ MeQ o Me MO o §
>_< Me S0 MeO—R” Me MeO—R"’ Me
O\ /O — - y O/ \ Me + Meo/ \ Me Me
PO 0 0 0
MeO” | “OMe Me Me
OMe 0o O
319 meso-320a racemic-320b

Also, it was found that the phospholene 319 reacts
with benzil,?'®> acenaphthenequinone,'® and phenan-
threnequinone,?®® yielding the corresponding cyclic
saturated oxyphosphoranes 321, 322, and 323, re-
spectively.

e Th Ph M nlne CO‘ Me

Me M
\ |
o o o | 1 0 o)
()\‘ /’O ()\ /L) () O\‘ /()
MeO’T\OMe MeO/’ID\OMe MeO/T\oMe
OMe OMe OMe
321 322 323

The reaction of biacetyl with acyl phosphites 324
(R = Et, Bu) proceeds through an intermediate with
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a pentacoordinate phosphorus atom (325), which has
been demonstrated by 3P NMR.?*® However, the
presence of the anionoid acetyl group makes dioxa-
phospholenes 325 unstable, and they react further
via the mechanism of the second stage of the Arbuzov
rearrangement with ring opening and the formation
of a,a-endiol phosphates 326.216:217

Me Me Me, Me
Me ~ Me (rojpoac 7= o/‘_\OAc
)———« —_— O\‘l/O — ~
o o ¥ RO 0Ac RO
OR RO OR
325 326

The pentaoxyphosphoranes 327 (X = OMe, OEt,
CH,OMe, CH;Me), 328 (X = O, CH,), 329 (X = OMe,
OEt, CH,OMe, CH;Me), and 330 (X = O, CH,) were
synthesized from the corresponding phosphite tri-
ester (P'") compounds via reaction with biacetyl.?18-220
A variable-temperature *C NMR accompanied by a
high-resolution *H NMR conformational analysis on
these monocyclic pentacoordinated (PV) trigonal bi-
pyramidal (TBP) compounds 327—330 has revealed
the influence of the conformational transmission
effect on the barriers to pseudorotation.?18-220

o\ 0
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Meo” | O eo” | O
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X
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Me Me
g
— 0
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x o711 © o7 ©
_/ o\k X o)
X \R
329 330

Also, Koole et al. reported?'220-223 gn additional
study of the conformational transmission effect in
another PY TBP model systems related to compounds
327-330.

A set of nucleotide analogues containing a stable
trigonal bipyramidal phosphorus (PY TBP) moiety
(332, R = thymidyl, adenosyl, N*-acetylcytidyl; and
334, R =T = thymidyl, R" = Ac, trityl;, R=H, R' =
Ac, trityl) has been prepared from the corresponding
phosphite triester (P"") nucleotides 331 and 333 via
reaction with biacetyl.??* The 3P NMR clearly con-
firmed that the phosphites 333 exist as a mixture of
two diastereoisomers, but for the phosphites 334, it
was observed that the 3P NMR spectrum consists of
a single line. This proves that stereomutation around
the PV TBP is rapid on the NMR time scale.??2223 The
impact of conformational transmission on the molec-
ular structure of the model systems 332 and 334 in
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an unequivocal way has been studied with 300- and
500-MHz *H NMR.?2!

e :
MeO (|) Meo/é ©
> <§17R
AcO AcO
331 132
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o] M OR
R [}
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o}
o] Me /
.. O
MO~ o R
o) ,/\3
AcO AcO
333 334

Recently, Zhao and Zhou??* synthesized 2',3'-di-O-
acetyluridine 5'-oxyphosphorane 336 from the reac-
tion of 2',3'-di-O-acetyluridine 5'-diisopropyl phos-
phite (335) with an equivalent amount of tetrachloro-
0-benzoquinone at room temperature for 10 min. The
oxyphosphorane 336 proved to be stable enough to
study its structure by 'H NMR, ¥C NMR, FD-MS,
and elemental analysis.

AcO OAc AcO OAc

335 336

Dialkyl phosphites react with a-diketones to give
the a-hydroxyphosphonates or their isomers, the enol
phosphate esters, depending on the reaction condi-
tion.??> For example, biacetyl reacts with dialkyl
phosphites 337 (R! = R? = O-alkyl) and O-alkyl
alkylphosphonates 337 (R! = OEt, OPr, O-i-Pr; R? =
Et) at moderate temperature to give the a-hydroxy
derivatives 338, whereas compounds 339 are formed
at about 130 °C.226:227

1 1
Me  Me R\g S0 R ﬁ 'Y‘e Me
+ -
e I
g o R rR2” oH ©
337 338
RO Me Me
120-130 °C I
P—0——
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339

Tetrafluoro-1,2-cyclobutanedione (340) undergoes
an addition reaction with trimethyl phosphite to
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produce the methyl ether of o-quinol phosphate 342
through the intermediate dipolar ion 341.2%8

F F
o) 0., OMe
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On the other hand, the condensation of phenylcyclo-
butenedione (343) with phosphite esters yields
1-alkoxy-3-dialkylphosphono-4-oxo0-2-phenylcyclo-
butene (344) on the bases of the spectral evidence.??®

Ph o Ph o Ph OR
| P(OR); -
H 0 L 0 ) (o}
P(OR); 0=P(OR),
343 344

Diphenylcyclobutenedione (345) in neat trimethyl
phosphite is allowed to stand 3 days at room tem-
perature or be heated for 2 h at 80 °C to form the
1,2-adduct 346 in quantitative yield.?30

Ph ‘ 0 (Meo? Ph 0
OMe
Ph o) P o-bioMe),
345
O 346
(Me0), P-H
Ph o] H o
Ph
] +
H 1
oh o Ph o
O=P(OMe), O=P(OMeY,
347 348

Treatment of dione 345 with dimethyl phosphite
at 80 °C leads to the formation of two adducts
identified as the 1,2-adduct 347 and the 1,4-adduct
348.2%° The structural assignments are based on
complete spectral and analytical data as well as the
fact that the product 347 is converted quantitatively
to 346 on warming with trimethyl phosphite.

3,4-Diethoxy-3-cyclobutene-1,2-dione (349) reacts
with (phosphonoethyl)ethylenediamine (350) in boil-
ing ethanol solution to give the phosphonic acid
diethyl ester 351.2%!

The reactivity of trialkyl phosphites with 1,2-
cyclohexanedione (352) was investigated by Kukhtin
and co-workers.?®2 When cold, triethyl phosphite
reacts with 1,2-cyclohexanedione (352), yielding the
adduct 353 together with triethyl phosphate and
diethyl ethylphosphonate. On the other hand, diethyl
1-ethoxy-2-oxocyclohexylphosphonate 354, triethyl
phosphate, and diethyl ethylphosphonate with a
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small amount of the phospholene 353 are obtained
when the reaction was repeated with heat.?%

P(OEt

L O O

Generally, trialkyl phosphites react with o-quino-
nes to form 1:1 adducts as cyclic structures contain-
ing pentavalent phosphorus.

The reaction of trialkyl phosphites with o-chloranil
takes place in benzene solution at 20 °C to give the
corresponding 1,3,2-dioxaphospholenes 355,23 which
are converted into tetrachlorocatechol dialkyl phos-
phates 356 by means of hydrogen chloride. The same
phosphate esters 356 are also obtained from the
reaction of o-chloranil with dialkyl phosphites.84233-235

cl cl
cl O o ci o_ PR
—_— POR
cl 0 cl 0" OR
cl cl

356

9,10-Phenanthrenequinone reacts with trialkyl
phosphites in benzene solution to yield the unsatur-
ated pentaoxyphosphorane adducts 357.191192 The
crystal and molecular structure of phosphorane 357
(R = i-Pr) has been determined by X-ray analysis.?3¢
When the above reaction takes place in the presence
of acetic acid, the o-quinol monophosphates 358,237
which also formed from the reaction of phenan-
threnequinone with dialkyl phosphites,?® are ob-

tained.
O OH
\ 0
O PLOR O 5-OR
0 OR O 0" SoR

357 358
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1,3,2-Dioxaphospholenes are formed when trialkyl
phosphites react with 1,2-naphthoquinone,?33.23°
4-triphenylmethyl-1,2-benzoquinone,?*° 4,7-phenan-
throline-5,6-quinone,?*'  3,5-di-tert-butyl-1,2-benzo-
quinone,?*? 2-phenyl-2H-naphtho[1,2-d]triazole-4,5-
dione,?*® and 4,5-pyrenequinone.?3

Trialkyl phosphites react with isatins (359) in
benzene solution under nitrogen at room temperature
to afford the 1:2 adducts as cyclic saturated penta-
oxyphosphoranes 360.244-248

OR
RO\ /OR
2 RZ
359 360

The presence of two chiral carbons in the pen-
taoxyphosphorane structure gives rise to the pos-
sibility of the existence of meso-360a and d,l-
diasteriomers 360b,?4” which has been confirmed in
solution on the basis of 3P and *H NMR spectros-
copy.247

meso-360a d, I- 360b

Similarly, acenaphthenequinone and 5,6-dihydro-
cyclopent[fglacenaphthylene-1,2-dione?*° react with
trialkyl phosphites to give the corresponding 2:1
adducts.

The reaction of dialkyl phosphites with isatins 359
(R* = H, Me, COMe; R? = H, Me) produces the corre-
sponding dioxindole-3-phosphonic esters 361.73244.250251
While, Timmler?3? reported in a process patent that
the reaction of isatin with dialkyl phosphites affords
the dioxindolyl phosphate 362.

OH H
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"0 NTTO
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Benzo[b]thiophene-2,3-dione reacts in a manner
different from that noted with other a-diketones,
undergoing deoxygenative dimerization in the pres-
ence of trialkyl phosphites to yield isothioindigo 363.
The phosphate products 364 are taken by the reac-
tion with dialkyl phosphites in benzene solution at
room temperature.?s3

Naphtho[2,1-b]furan-1,2-dione (365) reacts with
trialkyl phosphites in benzene at room temperature
to give about 85% yield of 2:1 adducts as pentaoxy-
phosphoranes (examined by 3'P NMR), which upon
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heating in absolute alcohols afford the unexpected
products 366.25

365

Dialkyl phosphites react with the same quinone
365 in boiling benzene for 12 h?*42% or at room
temperature for 10 min in the presence of aluminum
oxide as a catalyst?®! to form the a-hydroxyphospho-

nates 367.
(J__ong
P(OR),

|
0~ 0O

367

Also, o-hydroxyphosphonates are produced from
the reaction of dialkyl phosphites with acenaph-
thenequinone,?®® aceanthrenequinone,?*® and 5,6-
dihydrocyclopent[fg]lacenaphthylene-1,2-dione?*%?% in
benzene solution.

4-Triphenylmethyl-o-benzoquinone and 3,5-di-tert-
butyl-o-benzoquinone differ from other o-quinones in
their reaction with dialkyl phosphites, since they give
the corresponding 1:1 adducts formulated as the
phosphonates 36824 and 36922 respectively.

(RO)P=0 (RO),P=0

OH ~. OH

PhsC OH OH
368 369
Treating diethyl phosphite with tert-butyl peroxide
in toluene generates phosphonyl radical, which reacts
with o-benzoquinones 4 (R = R® = t-Bu, R2 = R* =
H; R!'=R*=t-Bu, R?=R®=H; R! = t-Bu, R? = R*
= H, R® = OMe; R! = t-Bu, R? = R3 = H, R* = NOy;
R! = t-Bu, R? = R* = H, R® = CPhj) to yield the
corresponding phenoxy radicals 370 (ESR).%%6

RI

R? o R
2 .
o Me3C\o R® 1 o R O OFt
(EtO),P—H + CI)-———I—» \ IlD/OE'(
MesC™ R 0”0

370

The reaction of 3,5-di-tert-butyl-o-benzoquinone
with phosphoric acids 371 (R* = R? = OH; R = OH,

Osman and El-Samahy

R? = O-hexadecyl) affords the phosphorylated pyro-
catechols 372.257

371 372

Mustafa et al.?%® showed that trimethyl phosphite
affects reduction of benzo[a]phenazine-5,6-dione (250)
to yield 3,4-dihydroxy-1,2-benzophenazine (373).

@ENIEP o (Y
N o) N OH
0 OH

373

The addition of dialkyl phosphites to benzo[a]-
phenazine-5,6-dione (250) depends on experimental
conditions.?®® When the reaction is carried out at
room temperature, colorless 1:1 adducts believed to
have structure 374 or 375 are isolated. In boiling
benzene, the same reaction affords a mixture of 376
and 377.

@cf cwe
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374
T, X f
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376 377

Reduction of o-quinones 378 (R = H, SO,Ph) using
trimethyl phosphite in benzene gives the cyclic oxy-
phosphoranes 379, which are rapidly hydrolyzed in
wet tetrahydrofuran to a single phenolic phosphate
ester 380.2%8

-BuOOC t-BuOOC
Me = S Me = =
(MeO),P
RN NH — RN NH
(o} 0 O\P e
378 MeO~'| ~OMe
-BuOOC OMe ;.4
Me == AN
RN NH wet THF
OH o O
07, ~OMe
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380
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4,7-Phenanthroline-5,6-quinone reacts with dialkyl
phosphites in boiling benzene to form colorless crys-
tals of the corresponding o-quinolmonophosphate
381.24

Similarly, furil,*% 1,2-naphthoquinone,84251259 and
2-phenyl-2H-naphtho[1,2-d]triazole-4,5-dione®* react
with dialkyl phosphites to produce the corresponding
phosphates.

The reaction of phosphorus trimethyl silyl esters
382 (R = OMe, OEt, O-i-Pr, OPh) with substituted
o-quinones 4 [R1=R?=R3=R*=Cl; Rt = R% =
t-Bu, R2 = R* = H; R'R? = (CH),, R® = R4 = H; RIR?
= RSR* = (CH)4] gives 2-trimethylsilyloxyphenyl
phosphoric acid derivatives 383.842%0 The structure
of 383 [R = Oi-Pr, R'R? = R3R* = (CH),] was
confirmed by a single-crystal X-ray analysis.8

R1
R? o] OSiMe;
+ R,POSiMe; —
R3 o o- PRZ
R4
4 382 383

Treatment of cycloalkanediones 384 (n = 5, 6) with
trialkyl phosphites yields the dioxaphospholenes
385,251 whereas the cycloalkanediones 384 (n = 11,
12, 13) with triethyl phosphite in the presence of
potassium hydroxide give the corresponding acyloins
386.262

H

NGO N0 OR N _0H
S0 o ©OR ~0
384 385 386

A spectrophotometric kinetic study of the reactions
of alkyl phosphites with aliphatic a-diketones, cyclic
a-diketones, and o-quinones has been per-
formed.195263-266 The rate of reaction increases in the
following series of aliphatic o-diketones: R = Me >
Et > n-Pr > i-Pr > i-Bu, while in case of cyclic
a-diketones and o-quinones, the rate constant de-
crease with increasing ring size.

0-Quinones in wood pulp react with trialkyl phos-
phites to form the cyclic phosphite esters.?67-270 Their
detection has become possible in solid pulp and
soluble lignin samples?’1~274 by oxyphosphorylation
followed by elemental analysis of the phosphorus
content of the treated pulps by 3P NMR chemical
shift, which shows a signal at about —46 ppm.?"*
Treatment of o-quinones 387 (R = R? = H; Rl = Me,
R? = H; R! = Me, R? = OMe; R! = R? = t-Bu) present
in wood pulp?®"270 and lignin?’1272 with trialkyl
phosphites (R = Me, i-Pr) at room temperature
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affords the expected cyclic oxyphosphorane adducts
388,268271.272 \which are very sensitive to trace amount

R R
O (Royp SN
_— LPCOR
R2 o R2 0" OorR
387 388

of water usually present in pulp and/or lignin samples.
So the signal at —46 ppm disappeared with the
simultaneous formation of a new signal at about —2
ppm, corresponding to the open ring products that
are formed as two sets of isomers 389 and 390, with
total yield about 70%, and trace amounts of the cyclic
phosphite ester 391 derived from compound 388.

1 1
R o R
O\,':',/OR OH
\OR ||
R2 OH R? o™X / “OR

X. Reactions with Hexamethylphosphorus
Triamide and Phosphoramidites

A series of organophosphorus compounds has been
prepared by condensation of hexamethylphosphorus
triamide with a-dicarbonyl compounds.?”>~2%2 The
phosphorus of hexamethylphosphorus triamide is
added to the oxygen of benzil to give a 1:1 adduct.
Burgada?8®282 assigned that 1:1 adduct as penta-
valent phosphorus 392, while Ramirez et al.?’” showed
that the resulting 1:1 adduct can be isolated in two
crystalline forms, one with pentavalent phosphorus
(392) and the other with tetravalent phosphorus
(393) according to P NMR chemical shift.

Ph Ph Ph Ph
Ph Ph P(NMe,)s >—< O>_<
—_— O\ /O = R O
+
© © AP~ R—nNMe
Me,N 7 | NMeZ /1 2
NMe, Me,N NMe,
392 393

Denney et al.?8® studied the 3P and 3C NMR
spectra for a solution of the 1:1 adducts produced
from the reaction of hexamethylphosphorus triamide
with a series of substituted benzils 394 (R = R! =
Me, OMe, F, NO;; R = H, Rt = CI). They found that
the 1:1 adducts (R = R! = Me, OMe) are phospho-
ranes 395 by negative 3P chemical shift and the
strong 3Jpc coupling to the ipso-carbons in the *C
NMR spectra. However, in the 1:1 adduct (R = R =
NO,), the 3P chemical shift is positive and the 3Jpc
coupling is lost, indicating the ionic species 396.283

eYoJoYe)
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394 395 396
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Treatment of a-diketones 17 (R! = COOEt, Ph; R?
= OEt, Ph, OMe) with phosphorus triamide gives
phosphonium betaine intermediates 397, which are
then stirred with monosubstituted ethene 398 (R =
COOMe, Ac, CN) to form the corresponding polysub-
stituted cyclopropanes 399.%84

RZ

o RL__O
jj: P(NMe.),; j]: 5 e, CH,=CHR "
S0 177077 " NMe, 398 A<
NMe,

R R R COR?

17 397 399

9,10-Phenanthrenequinone reacts with hexameth-
ylphosphorus triamide in dichloromethane at 0 °C to
afford the stable product triaminooxyphosphonium
dipolar ion 400 in the crystalline form;?”7=27° this is
due to the phenanthrene backbone, which can delo-
calize the negative charge.

O (0] P(NM62)3 O O NMe
- T’LNM:
J (T e
NMe;

400

Biacetyl reacts with phosphoramidites 401 (R! =
R? = OEt, OPr, R® = NEt;, NHAc; R = OPr, R? =
NEt;, R® = Ph, Me) in inert atmosphere at room
temperature to yield the corresponding phosphoranes
402,%85-28 which upon heating give the phosphates
403 (R! = OEt, OPr).28528 The reaction of benzil with
N-acetylphosphoramidite 401 (R = R? = OEt, R® =
NHACc) at room temperature produces the phosphate
403 (R* = OEt).285

2 1 R
, R R0 R o o
R'—FP. | P-Rr? | P

g3 A /"R
R0 R R™ 0
401 402 403

1,2-Cyclohexanedione reacts with phosphoramidite
404 below 10 °C to give 30% yield of the aminophos-
phorane 405.286

0 oPr 0\ OPr
+OEN—P  —— P
o) OPr o~ NEt,
404 405

The reaction of substituted o-benzoquinone 4 [R?
=R2=R3=R*=Cl, Br; RIR2=R3R* = (CH);; R =
R? = H, R® = R* = OMe] with phosphoramidites 406
(R = OEt, NEt;; R = NEt;, NHEt, NHPh, NHC¢H,-
Me-p, NHCgH;OMe-p) forms the cyclic adducts
407_290,291

R’ , R!
R? o) R R o_ OEt
+ EO—F _ P—R
N AN
R® 0 Rr® o’ R
R* R*
4 406 407

XI. Reactions with a-Diazoalkyl Phosphorus
Compounds

o-Diketones 408 (X = CMe;,;, CPh,;, NH, NMe,
NOH, NOAc, NAc, O) react with (diazomethyl)-

Osman and El-Samahy

diphenylphosphine oxide (409, R = Ph) and dimethyl
diazomethyl phosphonate (409, R = OMe) in the
presence of a base catalyst to form a-oxodiazoaldols
410. The diazo compounds 410 undergo ring enlarg-
ment via the corresponding carbonium ions 411 when
decomposed with ethereal hydrogen chloride to give
412_292,293

xS0 R Et,;NH

408 409 1 “H
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Ny PR

/
—_n-R
o=p H

412 411

By the same manner, 1,5-diphenyl-4-methyl-2,3-
pyrrolinedione (413) reacts with phosphoryldiazo-
alkenes 409 (R = Ph, OMe) to yield diazomethyl-2-
pyrrolinone 414, which is then decomposed with
ethereal hydrogen chloride to form 4-diphenyl- and
4-dimethoxyphosphoryl-3-hydroxy-5-methyl-1,6-diphen-
yl-2-pyridone (415).2%2

N, ER R
2 Po O=p—-R
Me O Me oH Me._\OH
Ph/ZT_jS=o Ph ( o I
l;l ITI PR N o
Ph Ph Ph

413 414 415

On the other hand, benzo[b]thiophene-2,3-dione
with phosphoryldiazoalkanes 409 (R = Ph, OMe)
affords the 2-addition products 416, which are con-
verted to 417 by ring expansion.?9?

i < @fi%
OH o L o
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s” 0 S §3—7R\ 8" K
N, R R R R
416 417

The (diazoalkyl)phosphines 419 [R = CMes, R =
R2 = CHMe,, CMe3, NEt,, N(i-Pr),] undergo [4 + 1]-
cycloaddition reactions with tetrahalo-o-benzoquino-
nes (418, X = CI, Br) to furnish (diazoalkyl)-
phosphoranes 420.2%4

1 1
X o} N2 R X SN
+ R—C—P( , —> JPCR
X o) R X o f-r
X 419 X 2
418 420

When a stoichiometric amount of o-chloranil was
added at —78 °C to a tetrahydrofuran solution of 419
[R = SiMe3, R! = R? = N(i-Pr),], a mixture of
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oxophosphoranyldiazo derivative 421 and the seven-
memberd heterocycle 422 are formed in 30% and 50%

N(i-Pr),
cl cl / N(-P
—p—N(-Pr
cl OH o Cl o] P\\N (i-Pr)2
/,g\/N(i-Pr)z .
Cl L ﬁ N(-Pr), Cl ) C;,—N
N, Oép\\N(i-Pr)z
N(i-Pr),
121 422

yield, respectively.?®2 The structure of compounds 420
[X=Br, R = R?= N(i-Pr),], 421, and 422 have been

characterized by single-crystal X-ray diffraction stud-
ies_29&295

XIl. Reactions with Heterocyclic Phosphorus
Compounds

The chemistry of cyclic organic compounds contain-
ing a phosphorus atom is a rapidly growing field
drawing much attention in recent times due to their
preferential toxicity for cancer cells?°6-2%° when re-
leased in tissues and their potential applications in
the technical fields, for example, as pesticides®® and
herbicides.30!

1-Halo- and 1-cyano-1H-phosphirenes (423, X = F,
Cl, Br, CN) react with o-chloranil in ether by oxida-
tive addition at phosphorus to furnish the penta-
coordinated phosphirenes 424302

On the other hand, the 2-phosphino-2H-azirine 425
(R = Cy,CN) is added to o-chloranil to produce the
eight-membered heterocycle 426 with 60% yield. Its
structure was detected by X-ray crystallography.3%

Cl Ct

N Ci ci
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R-R R\P\ Y
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The cyclic phosphines 427 (R = NMe;, OMe)3%4
react with benzil to form the corresponding spiro-
phosphranes 428.3% The structures of these products
were confirmed by 'H NMR studies with variable
temperature.

Me
u PhIO Ph
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N Ph / |

427 428
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