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CHEMICAL REACTIVITY OF ALKYLIDENE
PHOSPHORANES AND THE RELEVANT
PHOSPHONIUM SALTS TOWARD SOME

CARBON-NITROGEN SYSTEMS

Wafaa M. Abdou
National Research Centre, Dokki-12622, Cairo, Egypt

(Received May 22 2001; accepted July 25 2001.)

The published work on the main chemical reactions of alkylidene phos-
phoranes and the relevant phosphonium salts with different carbon-
nitrogen systems are thoroughly discussed, whereas their importance
as synthones in heterocyclic chemistry are indicated briefly, and the
long controversy concerning their structure is only summarized in or-
der to expose the latest results on the subject. The literature has been
fully covered up the last two decades.

Keywords: Carbon-nitrogen systems; phosphorus ylides; reactions;
synthesis heterocycles

INTRODUCTION

Phosphorus ylides behave chemically as carbanions, effecting both sub-
stitution and addition reactions. They represent a very useful synthetic
tool in the field of preparative organic chemistry.!~? For many years,?
the studies of phosphonium ylides have concentrated on the nature of
the P=C bond and many unique physical and chemical properties of
ylides have been attributed to the role of d orbital, including the invok-
ing of dsp® hybridization between a dipolar form A and a double bond
form B. For the purpose of chemical reactivity, the dipolar form A is
considered the more important. Previously, structure B was meant to
indicate ds-psr bonding involving back-donation of/
o~ C— 1+D = PENEN o~ C=P -

A /B\

Address correspondence to Wafaa M. Abdou, National Research Centre, Dokki-12622,
Cairo, Egypt.
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electron density from a doubly occupied 2p orbital of the ylidic (anionic)
carbon into the vacant phosphorus 3d orbital in an overlap scheme
such as that discussed for phosphine oxides. Nevertheless, modern
quantum mechanical calculations permit determination of the role of
d-orbitals for these species.’” Based on the results of high-quality ab
initio molecular orbital (MO) calculations,®® one can conclude that
the dominant resonance structure in the phosphonium ylides is the
ionic one, and that these ylides should not be classified as hypervalent.
Schmidbaur et al.!° and others!! have described the phosphonium ylide
as an easily pyramidalized carbanion stabilized by an adjacent tetrahe-
dral phosphonium center. There is clearly not a full separation of charge
with a +1.0 on phosphorus and a —1.0 on carbon, but there is cationic
phosphorus and an anionic carbon. The MO results also show that there
is delocalization of the lone pair on the carbanion toward the phospho-
rus. The extent of this delocalization depends on the quality of the basis
set and the level of the calculation. The most extensive calculation in
terms of an n-particle treatment shows a significant amount of delocal-
ization, which leads to mixing of the delocalized lone pair with the P—C
o bond and the formation of two highly polarized = bonds. In effect, the
actual electron-density distribution in the P=C bond, is still a matter of
debate. Notwithstanding, the concept of virtual d-orbital involvement
in bonding of the main group elements has been discredited® ! but its
use still persists.!?13

Alkylidene phosphoranes have been loosely classified according to
their carbanionic stability and hence their reactivity. Stabilized ylides
usually have strong electron withdrawing groups (CO3R, COR, CN)
on the ylidic carbon and usually favor the production of (E) alkenes.
Semistabilized (or moderated) ylides bear mildly conjugated sub-
stituents (e.g. Ph or allyl) and often give no great preference one way
or the other. Nonstabilized ylides lack such functionalities and may in-
clude alkylides (RCH=PPhj3, R=alkyl) which usually favor (Z)-alkenes.
The phosphoranes (PhsP=CR!R?) and the relevant salts (PhsPt—
CHR?®Br-) used in this monograph belong to any of these classes.

In general, the most dominant synthetic use of ylides is their re-
actions with carbonyl compounds, which regioselectively afford new
carbon-carbon double bonds with the elimination of triphenylphosphine
oxide (Wittig reaction). The synthetic applications of the Wittig reaction
as well as its mechanism and stereochemistry have been reviewed many
times.!~7 However, as is to be expected from their unique molecular
and electronic structures, phosphorus ylides react with a wide series of
electrophiles (e.g. halogens, thiocarbonyl, activated olefins, alkyns and
conjugated nitrogen compounds). In spite of these reactions which are
very useful in general organic synthesis, only sporadic activity!-¢.5¢.62.7b
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has been placed on reviewing such electrophiles other than aldehydes
and ketones.

Reactions of nitrogenous compounds with phosphorus ylides and
their phosphonium salts have been a subject of extensive study in
the past two decades. Numerous reports have appeared in the liter-
ature that highlight their chemical reactivity toward Wittig reagents
and their uses. These advances warrant reviewing the chemical reac-
tivity of carbon-nitrogen systems toward phosphonium ylides (alkyli-
denetriphenylphosphoranes). The classification is based upon the type
of the nitrogen-functional group (amines, amides, thioamides, imides,
imines, nitriles, isocyanates, etc.) in the given molecule regardless of
the site of attack by the reagent. There are, however, some excep-
tions to this classification, some of which will emerge in the subsequent
discourse.

The emphasis in this article will be placed on information added to
this topic from 1980 to the end of 2000. The author has attempted to be
encyclopedic with respect to the topics and chemistry covered but not
in citing all examples of every reaction.

Nitrogen compounds in the presence of various ylides or their salts,
undergo different courses of reactions to yield linear-, fused heterocy-
cles, or unexpected products. The nature and the structure of the react-
ing ylide (substituents on phosphorus and carbanion), the reactant and
the experimental conditions (solvent, catalyst, and temperature) most
significantly affect the course of the reaction.

SYNTHESIS OF ALKYLIDENE PHOSPHORANES

Preparation of phosphorus ylides could be achieved through many
available methods. The most general and widely applicable is the salt
method, which involves formation of the phosphonium salt A. Deproto-
nation of the latter with a base leads to the ylide B.14-16

R'R?CHX + Pth N Ph3PCHR1R2 X - Ph3P—CR1R2
R!, R? = H, alkyl, aryl,.. A
X =Cl,Br, 1

Some other methods used for preparing the phosphoranes are:
1. Pyrolysis of the phosphonium salts.!” For example:

i
Rl ? —ﬁ—O—R2 A, Rl—ﬁ—H + CO, + R2X
X PhsP+ O PhsP



12: 05 28 January 2011

Downl oaded At:

328 W. M. Abdou

2. Reaction of carbenes with triphenylphosphine.!8-2° For example:!?

Ph3P + CHX; tBuQK Ph;P=CX;

X =Cl, Br

3. Addition of phosphines to alkenes?'~2?® and alkynes.?4?% For
example:?!

0 Ph3P:—/<O Ph;P=C-CO,Me

1-MeOH

0 + Php —> _\<0 >N, HC—COyMe

(6] 0
and for example:?%

Rl R!
R!C=CR? 2 [Phgf’—ézé—RZ} Fhsf Ph3P=C|—C=PPh3
b2

REACTIONS OF ALKYLIDENE PHOSPHORANES AND
THE RELEVANT PHOSPHONIUM SALTS WITH
CARBON-NITROGEN SYSTEMS

Reactions with Amines
With Primary Amines

Primary amines undergo an addition reaction with unsaturated
phosphonium ylides of type 1 to give f-aminophosphonium salts. The
products are suitable precursors for elaborating secondary allyl amines
via the Wittig reaction with aldehydes.26=3° Through the approach out-
lined in Scheme 1, a series of N-alkyl-B8-aminoethylphosphonium salts

H

I a R
RNH, + 2 p'phy By —> R~ N\ﬂ/\ PPhy Br
2

lz n -BuLi
H Li L
2 ! +
R Ns\/\\w R < g NN PPhy Br

Ri=benzyl, (Me),C(SiMe;JOCHPhCH,,
R'= Ph, 4-Me-C4H,, MeCH=CHMe

SCHEME 1

1



12: 05 28 January 2011

Downl oaded At:

Phosphorus Ylides 329

2 has been synthesized. The utilization of these functionalized salts in
the preparation of secondary allyl amines 3 via the Wittig reaction is
reported.?8 trans-Olefin selectivity was exhibited for allyl amine prod-
ucts 3 obtained from aromatic or unsaturated aldehydes, but not from
aliphatic aldehydes.

Itis of interest to mention that the reaction of a wide range of primary
arylamines with triphenylphosphine dihalide of type [Ph3PXj5]4, in the
presence of two equivalents of triethylamine, afforded the iminophos-
phoranes 6 in high yields (Scheme 2).31:32 The reaction is general, and
has been developed, since 1958,3!2 providing an applicable methodology
for the preparation of iminophosphoranes. The mechanism probably
involved the attack of the amine on phosphorus to give the salt 5 fol-
lowed by deprotonation. More insight into the latter reaction is, how-
ever, beyond this monograph as our interest is limited to the alkylidene
phosphoranes.

2+

H
| | - o
RNH, + PhPBr, —> [R—N-PPh 2Bi Basg R_N_pph
s H
5 6
SCHEME 2

o-Aminobenzophenone or o-aminobenzoic acid adds to prop-2-
ynyltriphenylphosphonium salt 7 to yield the phosphonium salts A
which cyclizes in an intramolecular Wittig reaction to the quinolines
8 (Scheme 3).33 Recently, o-aminobenzoic acid was reported to react
with ester ylides and yielded new complex ylidene phosphorane 9.34
Apparently, the reaction of the activated amines with ylides is depen-
dent upon the structure of the applied ylides (Scheme 3).

0 fl) R
%\Rl ; C~R . X
L )
@ + CH=CCH,PPh;X —= C,FHPPhsx —
NH, N-C NZ “Me
7, X=Cl, Br, | H “Me
R'=CH3, OH A 8
i X
l_
R=OH| + CHCOOR m
R=Me, Et NZ SCH
I
o  PPhy

SCHEME 3
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The closely related N,N-dimethylhydrazinehydrate also adds propar-
gyltriphenylphosphonium bromide to give enhydrazinophosphonium
salt in 88% yield. Conversion to the ylide phosphorane using a base
and by reaction with aliphatic, heteroaromatic and aromatic aldehydes
leads to the corresponding 1-azadienes 11 via the ylide 10 (Scheme 4).35

B
MeN-NH, 4+ == PPhsi ——» PKP=CH-CH=N-NMe,
10

RCHO R-CH=CH-CH-N-NMg,
K;CO3 / DMF 1
SCHEME 4

With Secondary Amines

In analogous fashion, secondary amines alkylate unsaturated phos-
phonium salt 12 to give the addition products 13 (Eq. 1).3 When the re-
action was carried out in the presence of triethylamine, the rearranged
product 15 was isolated. Nesmeyanov et al.3? presumed the rearrange-
ment of the salt 12 to 14 in the first place (Eq. 2).

+ -
RRNH+ PhyP-CH,—~CH=CH,I —> Php—(CH,);—NRR I (1)
12 13
lEt3N
+ - + -
PhyP—CH=CHMel —» PhyP—CH,—CHMeNRR I (2)
14 15

The anti-Parkinson agent selegiline hydrochloride (18) is similarly
produced by the reaction of desoxyephedrine (16) with phosphonium
salt 17 (generated from prop-2-ynyl alcohol, Ph3gP, and CCly in situ). The
reaction proceeds in a polar solvent in the presence of triethylamine, fol-
lowed by treatment with HCI in iso-propyl alcohol (Scheme 5).26 When
MeCN replaced the polar solvent in an analogous example, the yield of
(R)-(—)-18 was reduced dramatically.

.-
(R) {-)-PhCH,CHMeNHMe + HC =C—- CH,OPPh; CI
17
16

-iso PrOH (R)-()-MeNCH,C= CH.HCI
-
HCl Me—CH- CH,Ph

18
SCHEME 5
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A further example of the reactivity of secondary amines is reported by
Okuma et al.3” When the amines 19 were allowed to react, in the pres-
ence of sulfur, with stabilized ylides, the thioamides 20 were obtained
in high yields along with triphenylphosphine sulfide (Eq. 3). This re-
sult is rationalized in terms of the appearance of RCHS moiety in the
reaction. On repeating the reaction of 19b with the same ylides, in the
presence of Se, diamines 21 were obtained (Eq. 4).

v
RyNH  +  Ph;P=CHR —S > RC-NR! + PhyP=S
i (RCHS) 3)
19a,R'= Me 20

e .
b, (R,N)= Morphilino R= COME, CQ Bt, COPh

Se

1
ROHSE RCH (NRy), 4)

21

With Tertiary Amines

Tertiary amines (Mannich bases), on the other hand, undergo nucle-
ophilic substitution by the elimination-addition mechanism. The alkyli-
dene phosphorane is acting first as a base and then it reacts with the
o-quinonemethanide-initially formed-according to Eq. 5.5-3839 Applica-
tion of this reaction to the most common types of Mannich bases, derived
from ketones, phenols and indoles, afforded the corresponding alkylated
ylides of type 22 (Eq. 5).38

PH;P=CHCO;R ~
R'CH;NR2 o g Rl—CHg—(|J—COzR + HNR2 (5)
= alky]
PhsP™ 22
1,3-Diazafulven-6-yltriphenylphosphonium salt 23 was likewise re-

ported as the product of the reaction of 1,3-diazacyclopentadienylium
salt with methylenephosphorane (Scheme 6).4°

EtzN N EtzN N
I+ >—NEt2 . PhP=CH, —» I+ >—NEt2
EpN N - | N t
cl P cl
SCHEME 6

o-Phenolic-Mannich bases are, on the other hand, of special inter-
est owing to the participation of the phenolic hydroxyl. Thus, the
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alkylation process may be accompanied by lactonization (Eq. 6), or
by a hemiketalization-dephosphorylation sequence (Eq. 7), that can be
viewed as an internal Wittig reaction.??

0.0 PPh; 0 0.__o
CH -COOMe -MeOH
7 ChH, -HNEt; (A ) 7 / (6)
HO  N(Et HO PPh
(E02 McO-C(O) 0 PPh;
24a
25 26
4 ‘EJH COPh g Ph /N
A H +> N ) _3P_9 A (7)
CHzN(Me)Z 'HN\(B) CH2 > %
. /
U, 0 28
PhsP" O
27

Meanwhile, when N,N-diethylaminomethyl-4-hydroxyquinolidine
(29) was allowed to react with stabilized phosphoranes 31a—¢, new com-
plex phosphonium ylides 33 were formed (Scheme 7).4! The proposed
mechanism to account for the formation of compounds 33 consists of:
(a) loss of diethylamino group from 29 gives o-quinonemethanide like
30, (b) reaction of the intermediate 30 with ylides 31 affords the corre-
sponding betaine 32, which is electron-withdrawing in nature, would
stabilize formation of ylide structure 33 via migration of the a-proton
to electron-rich center of the molecule (Hofmann transylidation).

§ TR - *PPh
SSTN(ED, 2 ChH—COR = PPh;
N Me Pyl r-oue W, SOR

b, R= OEt
29 30 ¢, R=Ph 32
H
AN PPh3
O)R
N/ Mec(
33

SCHEME 7
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Tetramethylformamidine chloride (34) was reported to react with
non-stabilized or semi-stabilized ylides to give the formylated ylides
36 by following the initial alkylated products 35 with hydrolysis
(Scheme 8).38 on the other hand, N,N-dialkyltrifluoroacetamides un-
dergo Wittig reaction with stabilized ylides to give trifluoromethylated
enamine derivatives.*?

PPh,

; R T - .
HC(NMe,), CI  ——5 Ph;P— CR=CHNMe,Cl
34 35
NaOH
—_— Ph;P=CRCHO
HCl %

SCHEME 8

Reactions with Amides

Reactions of ordinary amides with phosphonium ylides were reported
for the first time in 1981. Two reactions described intramolecular Wit-
tig reactions at the carbonyl group to form pyrroles,>4344 and the third
was also Wittig reaction at the carbonyl group of a 8-lactam,*® all rather
than acylation reactions. In this respect, Le Corre group*® reported the
reaction of a variety of ylides, both stabilized and non-stabilized ylides,
with oxamic esters 37 and obtained exclusively the product of Wittig re-
action at the amide group, yielding the respective alkene 38 (Scheme 9).
Subsequent reaction with HI provided protected «,8-dehydro-a-amino
acids 39. Two further steps yielded the «-amino acids 40.

CO,'Bu
OMe R F02Bu ome
Bu0,C—C —N=C ————> RCH=C-N=(
2 R=Me, Pr, Ph, CHMe
- CHMe, CoMe 38 2
lm
/OMe
tBuOZC—?H—NHZ <—w—  RCH=C-NH-(
K
CH;R BuO,C I CHMe,
39 40
SCHEME 9

Oxalamide 41 was likewise olefinated with ylides to give the aza-
dienes 42 which could be further reduced to a-amino acid derivatives
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40 (Scheme 10).4” As a result of Schemes 9 and 10, Wittig reaction of
amides provided a convenient access to «-amino acid derivatives. Thus,
any potential side chain that can be assembled into an ylide form can

be coupled to a glycine synthon.48-51
0 PPh, CRR
g pa i
Ph,C=N—C—C0,Bu  -BR,  ph,C=N-C- CO,!Bu
a1 2
€0, Bu
,R=Me, R'=Me, Et
> CH-NH,
CHRR'
4
SCHEME 10
Giannis et al.?? and others®® similarly reported alkene formation

from several unprotected carbohydrates, including acetamide deriva-
tives, by reaction with benzylidenetriphenylphosphorane. A great num-
ber of enamines derived from Wittig reaction of the corresponding
amides at the carbonyl group are also reported in the literature.?4—7

N-Benzoyl-2-hydroxypyrrole was reported to react with ylide 31a in
refluxing xylene and yielded a quantitative yield of the corresponding
open-chain ethylenic compound 44, only in E-form (Eq. 8)%8 It was in-
dicated that the hydroxylated substrate 43A exists in equilibrium with
the corresponding open-chain w-amidoaldehyde 43B.

Ill’l"h3

CHC(O)R
o BANH(CH;);CHO  ———rros (8)

Bz 43B
43A

L

E-BaNH(CH,);CH=CH

« ROXC

Meanwhile, the azetidinone 45 was reported to react with phos-
phorane 31b to afford 46 as an inseparable diastereomeric mixture

(Eq. 9).5°
ISOZO CH,3 ISOZ-Q— CH;
N N
| LI )
p N R= OEt 7N
OH CH,COR

45
(E&Z) 46
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Although amides most frequently undergo Wittig reaction at the car-
bonyl group to produce enamines, they acylate ylides in some circum-
stances. Cristau and Rebeill”® found that N, N-dimethylbenzamide re-
acted with diylide 48 and produced only 20% of the Wittig product 49
and 80% being benzoylated ylide 50 (Scheme 11). However, the reaction
could be directed mainly to the Wittig products by protonation.

0 . CH,
CoHis C-NMe),  PRPECERNCHL) ¢y K ey
47 48 49

+ PhyP(=CH, Y(COCsHs)
50

SCHEME 11

Conversely, N-formyl- and N-benzoylimidazoles 51 reacted with
methylenetriphenylphosphorane to give an 81% yield of the acylated
ylides 31e and 31c, respectively, along with the parent imidazole 52
(Scheme 12).7172 In both instances, the imidazole anion ejected upon
ylide attack at the carbonyl group was sufficiently basic to remove the
proton from the newly formed acylmethylenephosphorane, avoiding the
consumption of an equivalent of ylide for that purpose. This process can
be, however, exploited to enable the use of virtually any acyl group by
initial reaction of an acid chloride with imidazole, followed by addition
of any ylide species.

R‘tN_X Ph;P=CH - \
.’ PhePRCH, R\&N + PhsP=CHCOR
H

) C(OR 3le,c

s
a,R=H; b, R=Ph

52
SCHEME 12

N,N-Disusbtituted amides of perfluorocarboxylic acids 53 reacted
with benzylidene ylide 31h to yield only the enamines 54 (Eq. 10).4273

(I? 1.2 F3C “‘\\H
CF; —C—NRR + PhpP=CH-Ph —> >=\ (10)
REN Ph

53 31h 54
Wittig reaction of activated amides could be, on the other hand,
accompanied by a ring closure leading to the construction of fused
heterocycles.”*~77 Latham et al.?” reported that Wittig reaction of fluo-
rinated amides represented by the general structure 55 did not afford
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the expected enamines 56. Instead, the substituted quinolines 58 were
produced in moderate yields (Scheme 13). It was suggested that the
enamines 56 were formed in the reaction but underwent an internal
cyclization with the alkyl ester group, giving the intermediate 57 in
which the most bulky C-3 and C-4 substituents i.e. carboalkoxy and
alkoxy group, respectively, adopted an anti-relationship. Further elim-
ination of water-rather than ethanol-from 57, therefore, gave rise to
the observed product 58. In the case of thiophene and pyridine deriva-
tives, the reaction was slow and applying forcing conditions (NaH) was
therefore necessary to complete the transformation of 55 to 58.

R\ CO,R’ a1b R\ CO,R? R JOH
— _
i N 0 R=OFEt ” N HC-COR R i C(O)R
R _< /<
H “Cr, H CF; RN NCFs

55, R=Me, Et 57
RLR=(CH=CH), ,

Thiopheno, Pyridino R3
.H0 R' Xy AOR
— |
2 -,
R CF3

SCHEME 13

The imidazolazepin-7-ones 59a and 59b are likewise obtained from
the Wittig reaction of imidazoles-2- and 4(5)-carboxyaldehyde with
acetonylidene phosphorane 31d. Treating the produced vinyl ketones
with dimethoxymethyldimethylamine [MeoN—CH(OMe);] afforded the
final products (Eq. 11).7?

N _ N oo —
R~ N\R 1-Ph;P=CHCOR NG —_—
[ | o or °
N 2-Me,NCH(COMe), N NN
a,R'=CHO, b, REH 50a 59b

b, R=H, R=CHO

In a similar fashion, an internal cyclization reaction giving an
imidazol[1,5-a]-quinoline ring system 61 was reported for the reac-
tion of 4-formylimidazole with phosphonium salt 60. The regeoselective
(E- and Z-) Wittig product, styrene derivative 62, was also isolated
(Eq. 12).78 It is likely that 61 is a product formed from Z-62.

H
*PPh,
N 4 ,
DCHO H2C6H4N02 cr »C%:)_‘ HC= HC—<_IN (12)
N

H
w&am
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In a manner analogous to that in Equation 12, pyrrolo[1,2-a] indole
and 3H-pyrrolizines were obtained from the reaction of 2-formylindoles
or 2-acylpyrroles with vinyl ylide 1 respectively.””-7®

In another interesting route, o-acylaminobenzylidenephosphoranes
(63) led to indoles 64 in good yields by an intramolecular Wittig re-
action with the amido-carbonyl group (Scheme 14).” Using this ap-
proach, a general method is described for the synthesis of indoles from
o-nitrobenzyl bromide and o-aminobenzyl alcohol .8

. +
H—PPh;
CHBr n-BuLi 1 - PhsPO R |
R P —A—— R 9 e 2
+PhsP N~ R
H

N—ON g /C\Rz
H
63 64
SCHEME 14

Synthesis of 1,2,5-trisubstituted pyrroles 66 was similarly, obtained
in 50-100% yield by addition of the amido compounds 65 to vinyl salt
1 with subsequent cyclization by an internal Wittig reaction and base
catalyzed elimination of HCN (Scheme 15).44

Na 2 + RZ
R PPh, N _
RN-C-CN CH=CH; BY R'_N_BZ/\C - PhyPQ -

PRC=0 1/-NabBr Phig T2 GH AN _
C=0 PPhy Ph
65 66
SCHEME 15

Further synthetic uses of intramolecular Wittig reaction for synthe-
sis of the bicyclic penem system are being exploited. The first report
was published in 1978 by Woodward et al.®! describing the prepara-
tion of the biologically active B-lactams 68 from the phosphoranes 67
(Eq.13). Following this breakthrough, since 1979,%278% and till to
day'?86-90 there have been several publications directed to elaborat-
ing synthetic routes to the penem family, which is closely related to
naturally occurring antibiotics.

2
CO,R COR 1
NS
pen, e,y N)\fR (13)
R3.-"" ", . Ry' S
SCOR i

The internal Wittig reaction is the key cyclization step in all these re-
actions. Benzothiophenes®! 69A and thieno[2,3-b]pyrazines®? 69B were
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also prepared by the same approach whereby the thiol ester is attached
in preference to an ester group.”?

1 /N
! R
L NN
S N S
69B

69A

In addition, phosphoranes undergo with amides a number of mecha-
nistically related reactions of some synthetic potential. Conflicting re-
sults concerning the reaction of 1,4-naphthoquinone-2-amino deriva-
tives were reported. For example, quinones 70a—c were reported to re-
act with ylides 31a,b to give the corresponding pyrroline-phosphonium
ylide derivatives 72a—f via the intermediates 71 (Scheme 16).94

0 H

Il
N N —H
(I e, O‘ — O‘
Roa-oMe QU -COR
o b= OBt CHCOR PPh3 cH corPPhs
70 71 T2af
a, R = Phb, Me
¢, Et;d, Ph-Mep
SCHEME 16

Later on, 2-p-toluidino-1,4-naphthoquinone (70d) was reported to
react with 31a,b in benzene at room temperature to yield exclusively
the respective naphthols E-73 whereas at elevated temperature, only
the pyridinones 74 were obtained.?> Nevertheless, earlier in 1969,
Bestmann and Lang® found that compound 70a reacted with
benzylidene-phosphorane to form the olefin 75.

* EH R 0 CHC¢H.
C-R - sHs
SO GO T
H
(0]
OH OH
(£) 73 74 75
. R =COO0OMe;
COOEt

The cleavage-addition of ylides 31a—c to (E-)-2-benzylideneoxazolid-
ine-4,5-dione (76) occurred very readily and yielded new ylide phospho-
ranes 77 (Eq. 14).97
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o R
o 31a-¢ oH g fﬂ’m (14)
Ph \%\N R =COOMe 2N 0
H H = COOEt H
26 =COPh 77

Conversely, Michael addition of two nucleophilic sites of the me-
someric carbanions 79A and 79B of the closely related oxazolone 78 to
the vinylphosphonium bromide 1 was observed at 0°C in the presence of
a catalytic amount of TEA. The reaction led to the formation of 5(4 H )-
oxazolone 81 and 5(2H )-oxazolone 80. Compound 81 could be identi-
fied only in the product mixture and further quenched by methanol and
weak acid to the corresponding ester 82 (Scheme 17).%8

0]
TEA
N THF/ OC pi- ~Ph

8 79B

Hl l+1

COzMe
Ph1-NHCOPh MeOH >—ph o><ph
+ - =
CH,CH, PPh P-TSA + +
2B1: 3 PhyP— HZC CH2 ph Xy CHCH;PPhy
82 Br Br
81 80
SCHEME 17

Similarly, ring cleavage was observed on treating 5-phenyl-1,2,4-
dithiazol-3-one 83 with phosphonium ylides to yield different products,
depending on the substituent of the ylide used. Thus, whereas the reac-
tion of 31a,b with cis-disulfide 83 has been reported to give a mixture of
cyclic thiazole derivatives 84a,b and 85a,b, its reaction with acetonyli-
dene phosphorane 31d afforded only 85¢. These results have been ex-
plained by the preferred attack at the —S—S— linkage by the Wittig

reagent. Side reactions, then, lead to the final products (Scheme 18).%°
H H
Ph._N._,0O Ph.__N._O Ph.__N.__CHCOR
7
T e "YY . YT
S—S ROC: S ROC S
83 8§43, R= OMe 853, R= OMe
b, R= OBt b, R= OFt
¢, R=Me

SCHEME 18
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Also, dithiazole 83 reacted with benzoylidene-(31¢) and formylidene-
(31g) phosphoranes under more drastic conditions and afforde the
dimeric product 86 (E & Z).%°

NS N, N
Ph—</s>=<N/>—Ph = Ph—</s>=< s>_ Ph
E- 86 86

Reactions with Thioamides

In view of their electronic similarity to carbonyl compounds, thioamide
substrates react with phosphorus ylides to eliminate triphenylphos-
phine sulfide and form the corresponding alkenes. Nevertheless, a
preferable addition reaction of these ylides, rather than thiocarbonyl
olefination, has been reported.!°®1°! Their preeminence was shown
by kinetic measurements of their cycloaddition with thiobenzophe-
nones S-methide and diphenyldiazomethane as 1,3-dipoles.°® Thus,
the thione-group is considered to be “superdipolarophiles.” For exam-
ple, 5-phenyl-3H-1,2,4-dithiazolethione (87), the thione analog of com-
pound 83, reacts with ylides 31a,b,d via different routes in comparison
with Scheme 18. The reactions are summarized in Scheme 19 and the
results are explained in terms of the heightened reactivity of the C=S

Ph N S N
N COR Ph
n
o "CTTE [T
ROMe 88 80 /s
a
"B"/31b, 88 Ph I/NY
— +
N RO ’ ROC S
Ph S
TY o0a
S—S ] H
N.__CHCOR
Ph
87 "_n
) 1 (e
8%a,b
Ph N S
i sy S~CH,COR
ELTEIT R Y
R=Me ROC S
91
SCHEME 19

group to the addition reaction.!219 The findings also indicated that
the basic medium (TEA) stimulates the course of the reaction at the
strained —S—S— bond.102



12: 05 28 January 2011

Downl oaded At:

Phosphorus Ylides 341

Tetramethylthiuram disulfide (92) undergoes direct and simple nu-
cleophilic displacement reaction with stabilized ylides 31a,b. The reac-
tion results in the formation of the monosulfide 94, the new ylides 95a,b
and the respective thiaphosphirans 96a,b (Scheme 20).1% The products
are rationalized as proceeding via 1:1 intermediate, which can be en-
visaged as having the anionic form 93, in turn relevant to the product
structures.

R-ICH_FPh3
Me-N. S—S. NMe = ;
) Y Y ) +PlP=CHR Me,N. S _-S\I(NMez
S S , R = COOMe;
92 COOEt 93 S S
; '
S S/( S
/ H P ch/ NMe il
Ph; P + hsP=C_ * ( Me,NC ) S
R R 2
96a,b 95a,b 94
SCHEME 20

The reaction of the disulfide 92 with ylides 31c and 31f, on the other
hand, led to the formation of the respective thiaphosphirans 96¢,d along
with the ylide 98 or the olefin 99 respectively. It was assumed that
compounds 98 and 99 are derived from thiourea 97 that generated from

complete disproportionation of 92 due to applying drastic conditions
(Scheme 21).104

92 se ~ PRP=C—COPh

96c
lA R= COPh S\ + (R = COPh)
o8 CH(NMe;),
(Me,N)C=S§ i
97

3f

Rocn  (Me;N),C=CHCN + 96d
(R=CN)

99

SCHEME 21

Much controversy involving the products of the reactions of 2-thio-5-
pyridyl 1,3,4-oxadiazole 100a with Wittig reagents was reported. Thus,
the reaction of 100a with phosphorane 31a was reported and gave
the adducts 101 and 102 in equal yields (45%) after being refluxed
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in toluene for 6 h (Scheme 22).1% Contrary to these findings, it was
claimed by the same author,'% that attempts were made to study the
chemical reactivity of the thione 100a toward 31a (or 31b, R=COqEt)
in toluene, but under all conditions the starting oxadiazole 100a was
separated practically unchanged.

N_NH 31a N_NH N——_N

/l /g R=CO,Me | /g ' )l\ J\
Y X S Y O CHR Y O C2H5
100ay= ”Q" X0 101 102

SCHEME 22
Oxa- and thiadiazoles 100a and 100b were reported to react with
fluoren-9-ylidenetriphenylphosphorane (FTP) in toluene and afforded

the corresponding episulfides 103a,b. Meanwhile, 100b reacted with
31a,b to give the heterocycle ylide 104.1%

4

PPhy
103, X=0,8 104

(6-Thioxo-2-piperidinylidene) acetates 105a and 105b were reported
to react with ylide 31a and yielded a mixture of the corresponding bis-
enamine 106a or 106b and 3-o0x0-2,3,4,5,6,7-hexahydrothieno[2,3-b]
pyridin-6-ylidene) acetate 107a or 107b, respectively (Eq. 15).197

R R

Ll e o £
CH CO,Me

ST NS CH-CoMe 3 Me0,C% > N~ CH-CO,Me

H

H fo6ap

105a,R=H,

b, R=Me (15)

X

S N/ CH,CO,Me
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Reactions with Imides

In early work,5%-198-110 jmides were not known as an effective source of
an acyl group for transfer to ylides. In most cases, the result of such
an attempt has been a Wittig reaction to alkenate one or both of the
imide carbonyl groups. For example, Flitsch and Peters,'% found that
phthalimide (108, R'=H) and the ester ylides 31a,b at 140°C gave suc-
cessively the lactam 109 (R'=H) and the amine 110 (R'=H). In contrast,
N-methylphthalimide yielded only the lactam 109 (R'=Me). The second
stage with phthalimide probably proceeds via the N-acylimine 110A.
Similar reactions occurred with succinimide and N-methylsuccinimide.
In both cases, the products from the N-methylimides were mixtures of

geometrical isomers (Scheme 23).108
) COR (EHCOR
1 a,b A\
LN S R N | = ] w
| R=OEt | | |
0 o9 CHCOR 0 CHCOR
108,R=H, Me ® 110A 110

SCHEME 23

In the case of 5-substituted 2,3,6-piperazinetriones, the mono-olefin
3-alkylidene-2,5-piperazinediones is the only product from its reaction
with cyanomethylenephosphorane 31f (Eq. 16).622

% i};ﬁ
N , CN
R‘—C<\ ‘2:0 . Pp=CHR —> K \ %{H (16)

N 31f,R=CN
0
,R'=PhCH, Ph

In addition to alkene formation,®2 Meyers et al.!'! have used ph-
thalimide as a protected primary amine (Na*, K*, Li") for prepara-
tion of allyl amines 112. Sodiophthalimide (108, R!=Na) was added to
the vinylphosphonium bromide-admixed with the aldehyde-to give allyl
phthalimides 111. Compounds 111 were readily cleaved by using hy-
drazine or sodium sulfide followed by oxalic acid to furnish the products
112 in greater than 95% yield (Scheme 24).

In another instance, the spiro-ylide phosphorane 115 was reported as
a reaction product of N-hydroxy-4-cyclohexene-1,2-dicarboximide 113
and phosphonium ylide 31d, possibly from the initially formed 114
(Scheme 25).112
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D
.
N-Na 4+ #~PPhy  RCHO N-CH,CH=CHR
| Br

1 (0]
108 111

oxalic acid
—_— RCH=CH—CH;—-NH;

112
SCHEME 24
'COR
PPh, Ph,P=C oy Ph;P=C—COR

¢
i 0
-H0
NoH  CHCOR, NOH —> N
31d,R=Me |

o 0o [6)
13 114 115

SCHEME 25

On the other hand, Michael addition of the ylide ester 31a to (Z, E-)
substituted-pyrrolidinetriones 116, giving the betaine 117 has been re-
ported (Eq. 17).113

0
R H ¢
RHC N-R 31a ROC " “N—-R
— . a7
N\ R=0CH,8 PP

O 0 e} O
116 17

5-Benzylidenebarbituric acid was reported to add to stabilized ylides
and afforded the corresponding Michael product 118 after the proton
transfer (Eq. 18).114

H H OH PPh
N " N &r
:< CHPh R, o:< N
0 R = CO,Me Ph (18)
N R = CO,C;Hs N H
H ©° R =COPh H O
R=COMe

An internal Wittig reaction of the substituted aminoacetophenones
of type 119 was used for the synthesis of novel quinoline derivatives
120 according to Scheme 26.11°
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;’Ph:,
R B en R: Br ., K |
I
NP T N‘fo N
_f X
%x X >//
120 ©
119, X= (CH), A
SCHEME 26

Reactions with Mono- and Dithioimides

With monothioimides, thio-olefination competes with carbonyl
olefination,'% and in the case of open-chain thioimides, thio-olefination
often predominates!'6117 although this depends to some extent on the
reaction conditions and environmental substituents.!'® Thus, cyclic
monothioimides 121 reacted with an ester ylide 31a to produce mainly
alkylidene lactams 122, along with its thiono analog 123 as a minor
product (Eq. 19).116

CH, N CHy N (EOzMe (CH; ICOzMe
o +3la S/
s H + CH (19)
H H H

121. n=26 122 (34-53%) 123 4-14%)

N-(AcetyDthioimides 124 was reported to undergo regioselective
thiocarbonyl olefination with ylide esters 31a and gave 34-81% of the
thio-olefinated products 125. The latter compounds are readily acces-
sible intermediates for the synthesis of -amino acids that can be ob-
tained therefrom by acid catalyzed hydrolysis (Scheme 27).116-117 In
general this discrimination of C=S group over the C=0O group has
been used in the synthesis of several f-amino acids 127 according to
Scheme 27.107.116.117

R o K R
O (0]
31a H,/Pt H
Me/U\N/gS —_— > Me/U\N/% —4— Me/U\N/%
H H COZMC H COzMe
124 125 126

2

1~ HC1/ AcOH =

2- EtOH / SO,Cl

1O NH; CO,Et

127

SCHEME 27
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Dithioglutarimides 128 also reacted readily with ylide ester 31a and
yielded the alkenated products 129 (Eq. 20).1%7

R R
L= L)
—_—
STSNTS §7 N7 T CHCO,CH; (20)
R R?
128 120

JR'=H, Me; R*=H, Me

On applying ester ylides 31a,b on thiazolidinones 130 in refluxing
ethyl acetate and in the presence of TEA, conjugated dihydrofuro[2,3-
dlthiazol-2-(3H)-ones 132 were obtained, whereas in refluxing toluene
and also in the presence of TEA, the fused pyrone-derivatives 134 was
formed. Both reactions afforded, in each instance, the corresponding
thio-olefinated products 133. It was assumed that 132 and 134 were
produced via the initially formed dipolar intermediate 131 according
to Scheme 28.1'® However, reactions of 130 with oxoylides 31d and
3le were reported to be completely regioselective, and yielded the cy-
cloadduct 135 and the ylidic structure 136 via the intermediates 131c
and 131d respectively (Scheme 29).118

\ O
NH . | /t'l Toluene
ArH: j;s/kCHCOR AN g7 S “RoH

Ar
133(11%) 134(52%)
PhyP
N—NH 0 NH
/J§ + PhP=CHCOR __, |ROC |
ArH S /k
S HC S
130a, Ar=Ph Sab Ar H >
b, A= Cé'leH' 0 131
ROC ° NH ‘
133 (18%) + | /J§ EL0Ae
Ar s - PhsP
132(46%)
SCHEME 28

Recently, it has been reported that whereas the reaction of 2-thio-4-
thiazolidinone (Rhodanine) with ester ylides 31a,b proceeds in boiling
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Me (0]
Sws
AC s~ S
PhsP y A H
130 HC-C(O)R 131c,d 135
31d, R=CH;
31e,R=H ¢ R=CH,

dR=H %‘

Ar
136
SCHEME 29

toluene and yields the dithiones 137a,b the reaction of N-methyl Rho-
danine with the same ylides gives the corresponding thio-olefinated
compounds 138a,b (Eq. 21).11° Notwithstanding, 6-methyl-2-thiouracil

is reported to be inactive toward stabilized ylides.?°
PPhs CH-R O,
/k R}—ICCOROMe [ /K >|\ : /k 2D
= COOFt :
R~ H Me 137a,b 138a,b

Reactions with Imines
With Anils

Phosphonium ylides are known to add to imines (Schiff bases) to
form alkenes and iminophosphoranes. There have been, however, few
reports’"121-126 on the interaction of phosphonium ylides with anil
compounds. Bestmann and Seng!?! found that benzylidene phospho-
rane would react with benzal aniline to afford stilbene 139 and N-
phenyliminophosphorane (Scheme 30, i). The mechanism undoubtedly

PhHC=C=CHPh
PPhy B 139
+ G=CHPh Ph3'j c|: CHPR | )
Ph/N—ﬁ—Ph +
Ph;P=NPh
A

PhCH=NPh—

+ PheP=6-CHPH (i
——— > —  PhHC=C=CHPh + PPh; + PhNH,

140
SCHEME 30
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is very similar to that of the Wittig reaction and is known as Wittig-
type reaction. Thus, the reaction probably involved the typical betaine
intermediate A that collapsed by transfer of nitrogen from carbon to
phosphorus. On using ylides with a S-proton, the reaction resulted
in the formation of allenes 140 and aniline being by-products
(Scheme 30, ii).122

Reaction of 5-arylimino-4-chloro-5H-1,2,3-dithiazoles 141 with 2-
equivalents of stabilized ylides 31b,d,f in the presence of pyridine in
CH;Cl; at room temperature was reported and gave a new type of the
corresponding ylide with aryliminocyanomethyldithiomethylene moi-
ety 143, and the known N-phenylcyanothioformamide (142) via the
phosphonium chloride intermediate A (Scheme 31).77

N—< PPh3 cl
_ Base Y/ S— S—CH
S\ / b, R= COOEt AN R

d. R=COMe ‘)
f R=CN A +
Ph, ﬁ CHR PhsP-CHR
31b,d.f
H + _—
N—< Sor vz I NYCN -PhsP-CH,R Cl
/ 3 o
Y \F A S
R
143 142
SCHEME 31

The Wittig products 145 were produced from for reaction of «a-

ketoarylimines 144 with alkyl-phosphonium salts (Scheme 32).123
Ph. O . D b Ph._CHR
I + PhP-CHR X —0 I\
PR N-Ar . R=Me, Et, Ph P N-Ar
144 145
SCHEME 32

Recently, the Wittig products 146 and 147 were similarly obtained
by treating 1,3-diphenyl-2-(phenylimino)-1,3-propanedione with stabi-
lized ylides 31a,b,d,f in refluxing toluene. When the reactions were
carried out in boiling tetrahydrofuran, only the monoolefinated prod-
ucts 146 were isolated (Scheme 33).124
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o 9 31a,b,0,f CHR O CHR CHR
_— +
Ph)\"/KPh o Ro CORe Ph)\(\‘\Ph Ph)‘\(K Ph
- ) R= COEt - ~
N=Ph d)R=COMe N-Ph N-Ph
f)R=CN 146 147
SCHEME 33

In contrast to this finding, 2-phenylimino-1,2,3-indantrione was re-
ported to react with ylides 31a,c,d and gave the new phosphoranes 148
(Eq. 22).12%

o] O PPhy
3lac,d C-COR
N-Ph —— (22)
'I:l'—Ph
(o} o}
,R = OMe, Ph, Me 148

Recently, new complex ylidene phosphoranes 150 were obtained by
the treatment of 3-formylchromonemonoanils 149 with ester ylides
31a,b via elimination of an alcoholic moiety (Eq. 23).126

O y Oy
C=N-Ar RH C=N—Ar
| + PhyP=CHCOR ————» - (23)
0 'R= OEt 0~ ~C-C=PPh;

1
149 31a,b [¢]

With Quinoneimines

o0-, and p-Quinonimines, unlike o- and p-quinones, preferentially re-
act with phosphonium ylides at the ring-carbon.'?712® For example,
ester ylides 3la-d add to N,N-3,5-cyclohexadiene-1,2-diylidene-bis-
(benzamide) (151) and yield the new ylide phosphoranes of type 153. It
was assumed that phenylamido derivatives were obtained exclusively
by 1:4 addition, possibly via rearrangement of an intermediate like 152
(Scheme 34).1%7

In contrast, p-quinonemonoimines were reported to react with stabi-
lized ylides according to 1:2-, 1:4- or 1:6-addition mechanisms depend-
ing on the nature of the carbanion. Thus, while N-(phenylsulfonyl)-
(154a) and N-(methylsulfonyl)-1,4-benzoquinonemonoimine (154b)
were reported to react with ester ylides 31a and 31b yielding, through
1:4 addition, the phenol products 155a,b and 156a,b, respectively,!?8
it was indicated that acetylphosphorane 31d reacted, through 1:6 ad-
dition, with 154a and gave 157a whereas with 154b 157b along with
158 were afforded (Scheme 35).128
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N_C_Ph Ph3P‘CH N__C_Ph
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SN-c-Ph SN-c-Ph
o )
151 152
ROC, HQ
c N-C-Ph
PhsP \©[
N-G=Ph
153 ©
SCHEME 34
OH OH
\%“ R F‘\’ and B H
/ C-C=PPh, c=C.
o PhO,S-NH H MeO,S-NH R
155a,b a) R=CO;Me 156a,b
b) R= CO,Et
NX 37,
q Han-
¢ R
1542) X=SO,Ph R H H C-R
b) X=SO,Me N-X
J
XN
R H Recome  HN-SOzMe
157a,b 158
SCHEME 35

Contrary to the above, the reaction of 1,4-naphthoquinonemonoben-
zenesulfonimine (159) with the same ylides 31a,b was reported and
yielded, through 1:2 addition, the spiro-adduct 160 together with two

dimeric products 161 and 162a,b (Scheme 36).12°

Furthermore, reaction of N,N’-2,5-cyclohexadiene-1,4-diylidene-
bis[methanesulfonamide] (163a) and its 2-chloro derivative 163b with
ylides 31a—-d was reported and gave the corresponding new ylide phos-
phoranes 164 via 1:2 addition reaction.!3® On the other hand, N, N'-2,5-
cyclohexadiene-1,4-diylidene-bis[benzamide] (163c) was reported to re-
act with the same ylides and yielded the respective phosphoranes 165

via 1:4 addition (Scheme 37).13!
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SOPh

NSO,CeHs N3P NSOzPh
o '< >tY
159 SOzPh
161 v=o0

162a Y= CHCO,Me
162b Y= CHCO,Et

SCHEME 36
R H
Nl PhsP=C_ N-SOMe  pn-COPR
| X X
3la-d PPhs
I |
N N. HN_

Y SO,Me COPh
163a, Y=S0,Me, X=H 164 x=H,Cl 165
163b, Y=50,Me, X=Cl
163¢, Y=COPh, X=H

SCHEME 37

With Oximes and Hydrazones

Reaction of phosphorus ylides with oximes to form alkenes and
iminophosphoranes is not as straightforward as implied by the exam-
ples described for Schiff bases in Scheme 30.121:132 Later on, Schweizer
and Kopay!?3 elaborated a general Scheme for the reaction of -imino
ketones of type 166a with vinyl salt 1 whereby the E-isomer leads
to the 1-substituted pyrroles like 167 and the Z-isomer affords the
pyridazines 168a (Scheme 38).

R1
R R? -
< . \/PPhg Br ) Z/ \§
O NXH R*N\
3
— 3
E-1662a, X=0,NR 1 167 XH
R1 R2 R1 F
H 1] — 166a -168a, x= 0, NR’
o NXH R? \N/ R!'= RZ"Ph
R'=Ph, R?=H, COOEt
Z- 166a 168

SCHEME 38
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In contrast to the reports mentioned above, E1-Kateb and Abdel-
Malek!®* reported that while diacetylmonoxime 166b reacted with
ester ylides 31la,b and gave the products of Wittig reaction 169,
glyoxylanilide-2-oxime (166¢) added to the same ylides and yielded the
new phosphoranes 170 with concomitant loss of a molecule of water.

Earlier, it was reported that treatment of «-ketomonoimines,
a-formylhydrazones with 31b led to the formation of pyridizinones 168b
via the Wittig product A (Scheme 39).1%°

1
R INOH . PPhg Me-C-C-Me
R2=X HC-COR RHC NOH

166b, R'=R>= Me 31a,R=0Me 169

,X=0 b, R= OEt
R'-C—C-R? ~H,0 ? NH
P + 3labp —2> H-&—C/:
O NOH C=PPh,
166¢ 1m0 COR
R'= anifino-, R>= H
PPhs  H__CHCOR o
R1'%‘%'R2 EHooR I RH Z
O NXH  -PrPO A \ips RTOH SNVR?
166d, X=NR3 R’= aryl
R=RI-H A 168b
SCHEME 39

Recently, several different nitrogen-containing heterocycles such
as oxazolines, oxazines and isoquinolines were synthesized directly
from the reaction of «-benzoinmonoxime with stabilized- and reactive-
ylides.!36 The reactions which were summerized in Scheme 40, depen-
dend simply on the carbanionic nature of such ylides and the reaction
conditions. It was indicated that the formation of oxazole ring of type
173 involved participation of the solvent toluene; presuming that the
intermediates arose from homolytic scission of the aryl C—H bond of
toluene were involved in this transformation (Pathway A). Wittig prod-
ucts were formed either as stable compounds like 178 (Pathway D)
or as intermediates, which were further transformed to stable linear
or fused heterocyclic derivatives like 172 and 176 or 175 respectively.
Wittig-type reaction of oximino group leading to the formation of the
furan 177 was also observed.!36

Attack of ester ylides at the oxime group and ring opening has been
reported!®” for isatinmonoxime producing o-aminobenzonitrile (180).
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N N N
Ph_~N P Ph Ph
31a,b(A) + | N>-Ar
Toluene I COR B | l
PH O P 0 P o~ COR

173 174ab

31a.bB) + 172a,b
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Ph\__NOH
PhIOH
H Ph Ny Ph
171 _3m,bQ) I l + || | +  1723b
<:}) Ph S0 Ph™~4-"OH

176 177
NCH n
) Ph 3 Ph N
L2, + | =pph
Ph;P =CH, Ph X OH Ph o
178 179
SCHEME 40

The mechanism for the formation of 180 is depicted in Scheme 41. The
approach of the phosphonium center in 31 to the substrate would fa-
cilitate formation of the ion pair (A + 31A) and further to structure B
after catenation. The latter, in which phosphorus acts as a good leaving
group, decomposes then to give the observed product.

NOH CN H
l + PhzP=CHCOR —~~—» + <O=C=C\ >
NH COR
N 0] 2

H 31a-c not isolated

180
'-TPPO
HO

C=N “PPh;, CN Ho,
ﬁ\_é — PPhy
NHC  H “COR N—C—CHCOR

o] H §

A 31A B
SCHEME 41
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By applying Wittig reaction on acenaphthylene-1,2-quinonemono-
xime 181 with ester ylide 31a, stereoisomers of the oxime 182 and the
alkylated oxime 183 were isolated whereas with ylide 31d the pyridine
derivative 184 was obtained (Scheme 42).138

HON CHCOR  EtON CHCOR

aue
.
181 182 (E&z)
oH
o Ol
18131 o ’ +31d . HE”
R=Me
T o™ G

A
OH
[4+2] Q N H _N__COMe
-, ’ COMe —
A
C
SCHEME 42

o-Naphthoquinonemonoxime (185A = 185B) was reported to re-
act in benzenoid form 185B and not in the quinoid structure 185A
with ylide esters 3la-c and gave the corresponding imines 186
(Scheme 43).13% Meanwhile, g-nitroso-a-naphthol, however, was re-
ported to react with the same ylides and afforded in each case the
known azoderivative 188 and the appropriate symmetrically disubsti-
tuted ethylene (Scheme 43).139

The reaction of 189 with stabilized and moderated ylides has been
reported in some details (Schemes 44, i and ii).!4° The structural
products indicated that two positions in 189 are susceptible to nucle-
uphilic attack. Hence, a competition between two options is available
to ylide phosphoranes in their reactions with 189; that is, olefination
or conjugated-addition. Nevertheless, the findings showed that the aryl
carbonyl is a preferable site of attack by ylides. Thus, the oxime 189 was
reported to react with ylide 31d in chloroform containing TEA yieldig
the Wittig product 190 and the quinoline derivative 191. It has been
indicated that 190 exists in the E-form while 191 is derived from its
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R
-
NOH N/\g
e "
=
—
185A 185B 186a-c¢
(0]
”—»° OO ”
3la-c
=
187A 187B 188 .
CHCOR
CHCOR
SCHEME 43
O NOH " NOH
N
‘ CHCOR HCOMe 1041 x COMe
o 31, R=Me Me 2- H,0 e
O 189 190 191
1 i
31a,b/ THF + ?zo +H,0 0
189 —_ HC=PPh, ——
-ROH H “H,0 Y
i “TPPO
R” O R7TO
A 192
SCHEME 44, i

cis-configuration. On refluxing 189 and ylides 31a,b in THF, the
quinolone derivatives 192 was obtained excessively. It was as-
sumed that the products 192 were produced via the attack of ylides
on both the aryl carbonyl and the imino-group to produce the inter-
mediate A followed by addition of a molecule of H2O and subsequent
release of triphenylphosphine oxide and a molecule of HoO (Scheme 44,
i). Furthermore, reaction of compound 189 with diphenylmethyltriph-
enylphosphorane bromide in refluxing ethanol, containing TEA, af-
forded the oxazole 194 and the cyclobutene 197. It was assumed that the
product 197 arose by further Michael addition to the initially formed
Wittig product 195 followed by a Wittig-type reaction, and the releasing
of hydroxyiminotriphenyl-phosphorane species (PhgP=NOH) afforded
the final product (Scheme 44, ii).14°
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7iPh;
> Ph
N OH

NOH OH P
| —_ PPh;  PhyP=NOH —Ph
C(Ph), SN (Ph), —Ph
Pii Ph Ph
195 196 197
SCHEME 44, ii

10-(Methoxyimino)phenanthren-9-one (198) was reported to give
the quinoline derivative 199 upon reacting with acetyl ylide 31d,'*!
whereas with 31b the o-quinone-methineimine 200 was afforded
(Scheme 45).142 The oxazine 201 and the indole 202 were, however, ob-
tained by treating 198 with benzoyl ylide 31¢.1*? In addition, 2-phenyl-
phenanthro-[9,10-b]furan was produced in the latter reaction as a mi-
nor product.

3ld /31b COMe NOMe
< CHCOOEt
% NOMe
0

198 OMe
NOMe
3¢ ‘O
— / COPh
CHCOPh Y Ph
COPh
SCHEME 45

7-(Methoxyimino)-4-methyl-2H-chromene-2,8(7H)-dione'** and 3,4,
5,6-tetrabromo-2-methoxyimino-1-benzoquinone'*® were reported to
react with benzyltriphenylphosphonium salt in dichloromethane
containing LiOH and yielded the corresponding oxazoles 203 and 204
respectively.
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Me

\ Br OMe
MeO-N/Q((;\LO Br N><H
ph—1 © Br o Ph
H Br
203 204

N-Phenyl-3,5-di-tert-butyl-1,2-benzoquinonemonohydrazone (205)
was reported to react with ylide esters 31a,b giving the pyrazoles
206 and oxazine 207. The acylation of the hydrazone followed by
Wittig reaction led to the formation of pyrazoles 206, while typical
Wittig-type reaction of Schiff base 205 with 31a,b afforded the inter-
mediate B, which further cyclized to oxazine 207 via elimination RH
(Scheme 46).146

t +
Bu S PPhy
HC COR -Ph;PO /Cr'»
—
tay /N\
H

By 206

/CEO siay _R=OMe, OEt
t N m
Bu N-NHPh | 4
205 By 'Bu
OH 0
L e Y
'Bu N=CH  'Bu N”

SCHEME 46

The hydrazone 205 also adds to keto-ylides 31¢,d to yield the new
phosphoranes 208 in a quantitative yield. Alkali-hydrolysis of 208 gave
the respective acylated hydrazones 209 (Eq. 24).146 Meanwhile, the hy-
drazone in question 205 was found to reduce formyl phosphorane 31e
and generated the intermediate 210. Further an intramolecular Wittig

reaction gave the pyridazine derivative 211 (Eq. 25).146

=d*ud

44N

t §
205 Bu on BPhs Bu o
) c COR  NaOH H,C—COR
t N/N ph TP tg N~Nph
PhsP=CHCOR =Y H ! H (24)

31c,R=Ph 208 209
31d, R=Me
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205 tg, HC—PPh, By
O HC—OH ~OH
| - TPPO |
* = N N (25)
t N~ Ph t NS
PhsP=CHCHO oV Bu HoPh
3le 210 211

Furthermore, it was claimed that the aforementioned mechanisms
would on steric reasons predict the attack of the carbanion center on the
=N—N-system rather than the arylcarbonyl group in 205. The effect of
the neighboring ¢-Bu- on the C=0 group would be expected to be quite
unfavorable.!46

On the other hand, pyridazinones 213 and tetrahydrocinnolinones
215 were synthesized via the Wittig reaction of different 8-keto-212 and
a-keto-hydrazones 214, respectively, with ylide esters 31a,b according
to Scheme 47.147 Further Wittig reaction of 215 with 31a,b afforded the
olefins 216a,b.

Me Me Me
Y Ao Yo N YA
| +312,b | C=O RH I
N‘NH Ph;PO N Y N\N o
o i \
Ar Ar
212 A 213
Ar
I
NHAr NHAr N0
o A_ o o _A__cHcor o -
+31a,b -RH
Ph;PO
214 A 215
r
/N CHCOR
o
+3la,b
R=OMe,O¢t
- Ph;PO
216 a,b
SCHEME 47

Similarly, pyridazinones 218 were obtained by treating of the hydra-
zone 217 with ylide 31b (Eq. 26).148
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o (0]
PPhs )
R CHO CHCO,Et R | o 26)
N-NHPh 31b NN
Ph
217, R'= Ph; 2-fury! 218

Recently, synthesis of a-substituted phosphonium ylides 220 and
pyrazole systems 221 via the treatment of the hydrazonyl halides
219 with phosphoranes 31f and 31b, respectively, has been reported
(Scheme 48).149 It is assumed that the pyrazoles 221 were obtained
through intramolecular Wittig reaction of the initially formed phos-

phorane intermediates A.
RU_NL, Ar
PhyP=CHCN ji ”
31f .

NC” PPhy
R1-6=N-NHAF Benzene / 220
K,CO,
219 ]
RN N« Ar 1. N _A
31b 7N o RN SN
] H
. OEt _
PhsP G OFt
A 221
219-221) X R Ar
a| €1 2-thienyl C¢H,NO,4
b| Br CO-thienyl-2 c.H,
c| Br  CO-NHC¢H; C¢Hs
SCHEME 48

Hydarzonyl halides 219 were also reported to react with ylides 222,
prepared by coupling reaction of ester ylides 31a,b with phenylisoth-
iocyanate, and gave 1,3-cyclo-addition products 224 (Eq. 27).15°

PhsP=CH-COR + Ph-N=C=§

31a,b l
S RY -
C-NHPh C g s GENZN-Ar
PhyP=C_ + 219 ——> PhHN-C-C—C-R
¢R 2 PhsP O
222 223

N
R'wZ N-Ar -PhyPO (27)
PhHN. R

224 S
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Reactions with Nitriles

Reaction of nitriles with alkylidene phosphoranes has been con-
veniently used as a useful tool for the preparation of stable
iminophosphoranes.!®1~15% Thus, both aliphatic and aromatic nitriles
were found to add to nonstabilized ylides, prepared from the corre-
sponding phosphonium salts, giving the iminophosphoranes; which on
base- or acid-catalyzed hydrolysis, afforded ketones and phosphine ox-
ides. The reaction is believed to proceed by a mechanism analogous to
that of the reactions of phosphoranes with activated acetylenes. In ef-
fect, the nitrile group was inserted between the phosphonium group and
the carbanion group of the starting ylide in an ylide interchange reac-
tion (Scheme 49).152.153 Vicente et al.,!>* however, effected the reaction
of stabilized ylides 31a,b with benzonitrile when the latter was com-
plexed with platinum dichloride. The complexation apparently makes
the nitrile more reactive.

.  pae  PHP-CHPh PhyP -~ CHPh
PhCN + Ph;P-CH,Ph CI —> N= 'C " I\|I=C—Ph
A B
: ¢
PP=0 + Ph-C—CHpPh <19 ppp=N- C=CHPh
Ph
SCHEME 49

Stabilized ylides, which do not react with benzonitrile under normal
conditions, form iminophosphoranes with activated nitriles, such as
cyanogen and trifluoroacetonitrile. The resulting iminophosphoranes
225A and 225B are stable and afforded enamines 226 and 227, respec-
tively, instead of the expected ketones on hydrolysis with formic acid
(Scheme 50).153

PP ,
CH-CN — H /HC
NCCN o PhsP=N-C=CHCN Y HN-C=CHCN

(& 72254 CN NC 226

F3C—-CN + PhP=CHCOPh ——— Ph;P= N— ?:CHCOPh

31c 2258 CF3
HZN\C=CHCOPh H'/ HCOOH
F3C/ - PhPO

227
SCHEME 50
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In a recent report, Trabelsi et al.!% applied the same concept as a
very high yield route to produce perfluoroketones. Thus, the reaction of
a series of perfluoroalkyl nitriles with a series of stabilized ylides of type
31 gave mixtures of diastereomers 225C. The latter were hydrolized in
methanolic HCI to yield equilibrium of keto to enol forms of 228 (Eq. 28).

PPhg
Il R?
R2CN CR'—COR | MeOH
— > PhyP=N—C=CR'COR —> R2COCHR!'COR
R? =C3Fy, C5Fy;, 31 225C HCL 228
C7F15 Rl = H, alkyl
R = Oalkyl, alkyl, aryl
(28)

Activated nitriles with carbonyl groups were reported!® to react
with ester ylides, preferentially, via Wittig reaction. Recently, it has
been shown that 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ, 229) re-
act with ester ylides 31a,b at rt in toluene to yield the Wittig prod-
ucts, mixtures of diastereomeric dimethanides 230 and substituted
phenols 231 in almost equal yields (~22%), along with the corre-
sponding phosphonium salts 232 in 20% yield (Scheme 51).156 In con-
trast, with formyl-31e and diphenylmethylene(triphenyl)phosphorane
(Ph3sP=CPhsy), prepared from the corresponding phosphonium salt in
alcohol in the presence of sodium alkoxide, the reaction occurred at the
nitrile groups in DDQ), yielding the aza-derivative 233 and the bisimino
adduct 234 respectively.!?® It is assumed that the basic medium stim-
ulates the course of the reaction at the nitrogen function.

ROC-CH
HC-COR 5 cor
NC cl NC Cl
—_— +
NC cl NC cl
) HC-COR OH
229 (E& 2)230 (E& 2)231
.
0
PhP=CHCOR NG QHCOR
31ab + PPh; CI
R=0OMe . OET NC Cl
O 23

SCHEME 51
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OHC-CH OMe NH QEt
I]I Cl Ph Cl
|
N cl Ph cl
OHC-CH OMe NH = OFt
233 234

Another reaction route for nitriles with phosphonium ylides is a re-
placement reaction.*?157:158 Cyanocarbanions 235, for example, were
reported to react with vinylphosphonium bromide 1 to give the sub-
stituted pyrroles 236 via an intramolecular Wittig reaction and the
elimination of HCN from the initially formed Michael-addition prod-
ucts A (Scheme 52).44

1{1
|
Soh 5 N |
N . & PPh3 Br NC CO  -PhPO Ph
Ar-C-NRCOPh  ~——> by - HON NTAr
CN | R
235 PhsP 236
SCHEME 52

Similarly, substituted mandelonitriles 237 reacted, in the presence
of sodium tert-butoxide-like the corresponding aldehyde with sub-
stituted benzylidene phosphoranes-via the internal Wittig reaction
and the elimination of HCN to yield mixtures of diastereomeric 4,4'-
disubstituted stilbenes 238 (Scheme 53).1%8

H
]

R‘OQ—CN . Ph;P:C(—I—@RZ
OH

237
! 2
— RQCH=C@R
(E& Z7)238
SCHEME 53

If a nitrile compound is activated with a normal carbon-carbon dou-
ble bond, the reaction occurs at that site in preference to the cyano
group. The mechanism of the reactions can be explained in terms of an
initial Michael addition by an ylide followed by two separate routes to
completion: (a) without involving the nitrile group in the second step
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whereupon the zwitterion intermediate A either undergoes a 1,3-proton
transfer to form a new stable ylide (path a-i),'%°~16! or eliminates the
phosphine to form a cyclopropane derivative (path a-ii),'2163 (b) the
nitrile function is acting as a good leaving group and the zwitterion
intermediate A eliminates HCN to form a more stable phosphorane
(Scheme 54, b).162.164

PhyP—CHR RM
Rl-(Fz(lij |li>Ph3 3}{1_ A~ 2 (a) ii |
NC y SR ¢—CYR  =— QR VR
NC , NC
(b%HCN (aN
R NG Y
Ph3P=C—IC=(|3—R2 R-C~CHR
R Y Ph;P=CR
SCHEME 54

Reaction of 10-dicyanomethylene 9(10H)phenanthrenone 239 with
ester-31a,b and ketoylides 31c¢ was reported to follow Scheme 54, af-
fording high yields of new ylides 240. Subjecting the Michael product
240 to pyrolysis yielded the fused pyran 241; while treating it with
aldehydes yielded the respective olefin 242 (Scheme 55).1%°

Reactions of furfurylidene-,'®° thienylidene-,'®° arylidene-,'% and
1,3-dioxo-A%2"%-indan-1% malonitriles with stabilized ylides to give the
corresponding phosphoranylidenes 243a,b, 244, and 245, respectively,
were also reported.

R-_O 9
é-ccNy, R ! PPh,
X7 7 2 C-C(CN),
i u IS II'I 4 COR
243a, X=0 o (CNp
243 b, X=S 244 245

A similar pattern occurred in the reaction of «,8-unsaturated nitrile,
1-dicyanomethyleneacenaphthen-2-one (246) with ylides 31la,b to
give the fused pyranylidene 248 as a major product (35% yield) along
with the ylides 247 and the pyrans 249 in equal yields. It was assumed
that the three products were derived from the initially formed Michael
addition betaine A according to Scheme 56.167

Reaction of tetracyanoethylene (250) with ester ylides 31a,b was
reported to give the cyclopropane 251 in addition to the conjugated
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pyrolysis CN
PPh; O
%O gH—COR & / / — CN
oMo R
R=0Me 241
= OEt
of C(CN), —rh HO  C(CNy, \
239 PhyP=C—C—R
I /
240 O
HO C(CN)
NHC=C—ﬁ—R
242 O
SCHEME 55

||
M =
249 248

SCHEME 56

ylide 252 (Scheme 57).1%2 In an earlier report, Trippett'®® also pre-
pared the ylide 252 (R=CN) from the reaction of 250 and cyanophospho-
rane 31f.

FPhs —C(CN) PPhy
(NC)C=C(CN), CHR MORE ’ R—'é—c:c CN
250 31a,R=CO,Me R * I (R
b,R=CO,Et CN
251 252
SCHEME 57

Reaction of fluoren-9-ylidenemalonitrile (253) with ester ylides
31a,b was indicated in one report'®® to give three products 254-256
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(Eq. 29); while in a recent report,'%? the reaction product was claimed to
be the corresponding phosphoranylidenecyclobutylidene 257 (Eq. 30).
The dicyanomethylene derivative of thiaxanthone was, however, re-
ported to be inactive toward the same ester ylides.1%?

+  PhyP=CHER
31a, R=COMe (29)

1 b, R = COEt

256

253+ 3lab . H
R (30)

257 PPh;

Phosphonium ylides 31a,b were reported to attack both thiono- and
nitrile groups in 4-cyano-1,2-dithioles 258 giving a mixture of com-
pounds 260,261, and 263 (Scheme 58).1%¢ Nevertheless, a different
pathway was reported!®* for the reaction of formyl phosphorane 31e

1

R lﬁm
’S CN CH—-COR S H CN ST =3 CN
Si[ 3la,b lS PPh3 - IS

~CHCOR
258
R'=Ph, CeH,-Cl-P
l*‘:&la,b
R
PPhy
‘ﬁ PPh3 ?: \I “COR
Ph;PS COR S S
2 PPh3 261

SCHEME 58
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with the above dithioles 258 giving the pyridinylidene derivatives 264
along with the parallel thio-olefinated products 260 (R=H) according
to the mechanism presented in Scheme 59. It was pointed out that the
presence of the electron-withdrawing group (CN) substituent «- to thio-
carbonyl group is responsible for stabilizing the dithiole ring through
the reactions in Schemes 58 and 59.

OHC- CH PPh3 OHC-C'H—FPh3 OHC-CH

ic N C=N N-PPhs
Xomr X 1 cHO
s+—H
A B c N
/4 PPhy
-Ph;PO
PhsP=CHCHO -PhyPS
3le .
+ \ R R!  CHCHO
258 ? \I CN ? > }\1
§ CHCOR S N
259, R=H 264
SCHEME 59

Recently, the reaction of the acrylonitrile 265 with phosphorus ylides
was reported to undergo also different routes, leading to unexpected
products, depending only on the type of the ylide used.!”® Thus, whereas
the nitrile 265 reacted with keto ylide 31d (R=CHj3) and yielded, exclu-
sively, the new ylide 267 via the elimination of HCN from the initially
formed betaine 266a, with ester ylides 31a,b the pyridinone deriva-
tives 268 and the ylides 269 were obtained (Scheme 60).17017! It was
assumed that the formation of the cyclic 268 and acyclic 269 products
in the latter reaction was dependent on the spatial rearrangement (E
and Z isomers) of the reactive groups in the intermediates 266b,c.

CH— PPh3
N
\ >_<&HY HON,
s c— COMe
265,Y=Ph; 266a-c 267 PhsP
2-furyl
; RH
Ph;P=CHCOR \Pphs
31d,a.b
d, R=Me
a, R=0OMe NHY H
b, R= OFt PPh3
(E)269 ab 268

SCHEME 60
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When 265 was allowed to react with keto-ylide 31e (R=H), prepared
in situ from its chloride salt, in boiling ethyl alcohol containing TEA,
the pyridine derivatives 270 and 271 were obtained in addition to the
parallel ylide analog 269¢ (R=H) (Scheme 61).17° It was indicated that
ylide 31e attacks 265 on the benzylidene double bond in two forms:
(a) the ylidic form to produce 266d (Scheme 60, R=H) followed by pro-
ton migration, yielding 269¢ (R=H) or it undergoes an intramolecular
cyclization through the elimination of PhsP to give the pyridine deriva-
tive 271, which may be present in equilibrium 271A = 271B; (b) the
reduced form of the aldehydic function, invoked by the basic medium
to give the pyridine derivative 270.

PPy HC=PPhy Ny OH
N
- - PhyP
265 CHOHO o ced + ©\7I HC 3“ —> CCQY
31e _ S
®=® CN
270

CN

S
A
/ - Ph3Pl
0 OH

2714 CN CN

SCHEME 61

Reactions with Diazo Compounds and Diazonium Salts

Diazo function is generally less reactive toward phosphonium ylides
than the carbon-carbon double bond. In their early work, how-
ever, alkylidene phosphoranes were known to form N-alkylated
phosphonium ylides when treated with diazo compound according to

Equation 31.172.173
_ ) _
RIR2C-N=N - PhP=CHR PhyP—CH-N=N—CR!R?
R=H, alkyl, aryl |
Rl, RZ — alkyl, aryl R
R

Diazoacetophenone was reported to react with benzyl ylide 31g yield-
ing a mixture of azine 272 and phosphazine 273 (Eq. 32).173 The latter
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was assumed to be formed from the subsequent reaction of the elimi-
nated PhsP with the unreacted diazo-compound.

hs
h
PhCOCHN,; — HgN =N- CH —» PhCH=N-N= CHCPh
Ph C(0)Ph 72
(32)

0
+  PhC-CH=N-N=PPh,
273

Conversely, the nitrogen completely disappeared when diazoace-
tophenone was treated with benzoyl ylide 31¢ whereby 2,6-diphenyl-

4-benzylidene pyran (274) was the reported product.!”™

CHPh

Ph’ >N~ Ph
274

Diphenyldiazomethane and diazomethane were reported to undergo
1,3-dipolar addition with vinyl phosphonium salt 1 in CHyCly yielding
pyrazoline phosphonium salts 275 and 277 respectively. A series of sec-
ondary steps such as Wittig reaction, alkali hydrolysis or pyrolysis of
the initial 1,3-dipolar product would lead to further products (Egs. 33
and 34).175

Ph Ph
= PPh;Bf P P
Ph,CN ~= 3 + . NaOEt
T ——— N PP Br T ., Ng e, (33)
N N
275 276

In effect, pyrazoline synthesis from the reactions of diazo com-
pounds with nonstabilized ylides was early applied in several
publications.!”®~177 Furthermore, the possibility of exploiting the re-
sulting pyrazolinyltriphenylphosphonium bromides, as synthones was
of great significance in several applications.

i i o o ; 2
CHaN; J}_}—lem -m-n }Hr (34)

27T Ii 174
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Diazonium salts, on the other hand, are more reactive than the diazo-
compound counterparts; that enabled them to couple directly with sta-
bilized ylides and yield the respective phosphonium salts, from which
a proton is easily removed to produce diazo-substituted ylides. For ex-
ample, the reaction of benzenediazoniumtetrafluoroborate with ester
ylide 81a was reported to give the phosphonium salt 279 which could
be converted to a new ylide 280 upon treatment with aqueous base
(Eq. 35).178

PP, COR
% . £H-Con PhF— (IFH e PhP= C—COR (35)
iz BFy Wi, = (s . i =
BF, 1 M=M~=Fh
e 28k

Cyclopentadienetriphenylphosphorane also reacted with benzenedi-
azonium chloride, but underwent electrophilic aromatic substitution on
the cyclopentadienyl ring to give the ylide 281 (Eq. 36).17°

PN, Cl - — N=N-Ph (36)

"PPh, “PPh,
281

A few additional reports on reactions of diazo-compounds with ylides
have been added since 1980. In 1992, Froeyen'8® described the reaction
of 2,4-dinitrobenzene-diazonium tetrafluoroborate with a series of sta-
bilized ylides 282. The reaction courses led to the formation of either
azo-phosphonium salts A (with 282a,b) or the hydrazones 283 (with
282c¢—f). The salts Aa,b were further converted to the corresponding
hydrazones by hydrolytic decomposition (EtoINH) (Scheme 62).

Ri
+ 7 -
[Ph3P-C-N=N -DnP] BF, -EGNH  Dnp-NH-N=CR'R’
‘R 283a,b
05 a,b Aab 282 [R' |R
a H CN
N, .BF4 b H COMe
c Me CN
e-f d CN | Ph
02N + \ 283c f <] CN COMe
s - f CN CO,Me
Ph;P=CR'R
282af
SCHEME 62

The reaction of «-diazo-8-keto ester 284-initially treated with a cat-
alytic amount of rhodium (II) acetate-with thio-ester ylide 285 was
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reported to give the isomeric phenylthioester derivatives 286, which
could be used to produce (2RS,E)-3-ethylidene-azetdine-2-carboxlic
acid (racemic polyoximic acid) 287 after going through several steps
(Scheme 63).18!

L o+ 0,0+
84 o | 2

284 NBoc
A
.
Ph;P=CHCOSPh O, O+
285 0. ,OH ‘(___.5
NBoc
«w~— PhS
NH O & 2086
@) 287
SCHEME 63

An olefinic bond formation was reported to take place by a one
pot-reaction of an aldehyde, diazoacetate and PhgP in the presence
of a catalytic amount of molybdenum complex. Thus, a mixture of p-
methoxybenzaldehyde, ethyl diazomethylacetate, PhsP, and the cata-
lyst was refluxed for 5 h to give trans isomer of the unsaturated ester
288 in 85% yield (Eq. 37).182

EtOOC—CHNj + (Ar—CHO + PPhy) —— ey

LAr = p-MeOCgHy EtO,C—CH=CHAr
E-288 (37)
Several azolotriazines 290 were prepared in 40-73% yields by cyclo-

condensation reaction between the azolodiazonium salts 289 and the
keto ylides 31c,d (Scheme 64).183

g2 N, R? Nan
X PhP=CH-COR —> |
R | N * 31cd RPN
R
290
R.R%=H, Me, Ph

SCHEME 64

Coupling diazonium salts, from isatic acids, with ester ylide 31a
in alcoholic solution and treating the product mixture, further,
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with dilute NaOH was reported to directly give 3-oxoindazolin-
2-yl(methoxycarbonylmethylenetriphenylphosphoranes) (291). Upon
heating the compounds 291 in toluene, 4-oxoquinazolines 292 were af-
forded (Scheme 65).184

i {o
{i-HNO, +31a <,
ii- 2 N, 131a p 0O

R N=N —§-cone
R=H, Br A “PPhy
0
COzMe
N-C-COsMe
1 / It
R N PPh,
292 O H 39
SCHEME 65

Reactions with Isocyanates and Isothiocyanates

It has been established that phosphorus-stabilized carbanions react
with isocyanates and isothiocyanates according to Wittig reaction
scheme, producing keteneimines 293.185:186 If an o-proton is avail-
able on the intermediate betaine A, the preferred reaction would be
the migration of a proton to the nitrogen atom to form a new acy-
lated ylide 294 particularly, if R exhibits an electron-withdrawing effect
(Scheme 66).185:187

+ 1
PhyP-C-R'
PEINCX  PhyPs CRR, X_CoNph  R=R=Bh  PEN=C=CPh
X=0,8 293
A
N
AR-H >  PhP=C-C-NHPh
R=CN X
294
SCHEME 66

Activated isocyanates, benzoyl isocyanate for example, would react
with nonstabilized ylide, in 2:1 molar ratio, to afford heterocycle ylide
295. It is assumed that a prototropic shift occurred to form the betaine
stage A followed by immediate cyclization to form the final product
(Scheme 67).188
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o H
COPh
C ~N—coeh N
2phconcoTPTCHa o B C Ty RH_ppp *o
c—N—COPh
fo} o
A 295
SCHEME 67

Bestmann and Kumar!® reported additional examples of kete-

neimine formation by the reaction of isocyanates with stabilized ylides.
Thus, a-acylphosphonium ylides 296 react with phenylisocyanate to
form «-acylketeneimines 297, which can be hydrolyzed to a-branched
B-ketocarboxylic acid anilides 298 (Eq. 38).18?

R1
PhNCO + Ph;P=CR!'COR — R(0)C—-C=C=N-Ph
296 297

R' O | (38)
R(0)C—CH-C—NHCgH; <22

298

In the same manner, the reaction of 2-fluoroalkylethyl thiocyanates
with ester ylides 31a,b was reported to produce a perfluoroalkyl chain
into the structure of stabilized ylides to give a-thioamide ylides 299
via proton transfer (Eq. 39).1°° The method was extended with thio-
cyanates to allow the introduction of an alkyl or alkylaryl chain into
such a structure.!%

PPh

- ST/\COR
C4FgCH,CH,-N=C=8 w (39)

HN_
31a,b CH,CH,C4Fg
299

Cycle phosphonium ylide 301, derived from its bromide salt 300, was
reported to react with phenyl isocyanate yielding 302 (Eq. 40).1°1

PhC. 0O PR, o Ph  PhCy O
Base l:[ +N=C=0
Ph,C ~PPhy Ph,C” PPh, {2

o o W

300 301 302
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Reaction of aryl isocyanates with ester-stabilized ylide 31b intro-
duced a simple approach to the synthesis of 1,3,9-triazoanthracene
derivatives 303 (Eq. 41).192

o XH
PhsP=CHCOEt A™N ~ CO,E
Ar-N=C=0 —m8M—* )\ | P
31b O NN (41)
Ar

303, X=NArorO

Conversely, aryl isocyanates were reported to convert allylidene
phosphoranes 304, according to their «-substituent, either into
the hitherto little known vinylketeneimines 308 via Wittig reac-
tion, or into the pyrrolone 305 by carbamoylation and ring closure,
or into the 3-pyridylidene phosphoranes 307. A new stable ylide
series 308 (R?2=CHj3;) reacted, further, with electron deficient
dienophiles (e.g. ArNCO) in a [4+2] cycloaddition to yield 309
(Scheme 68).1%3

Ph

s g2 H " =>Fen
Ar—N=C=0 + R'-CH=CH-CR? —R=R™=Ph_ | 3
Ar=Ph

& 304 . Ph™ coNHAr
4 X
< Z A

Jio]

C—CONHAr
" *Pph ﬁ P
1 | ’ | NA| b{h
r
R SCONHAr H 0Ny

Ph
306 | OH
308, R%=CH; Ph
305
j +ArNCO
Ph]/\/ICHg,
07> N~ NHAr
Ar
309
SCHEME 68

Phenylisocyanate was also reported to react with lithium
diphenylphosphonium diylides 310 yielding semi-stabilized ylides 311
bear a metallated amide function; that could, further, be used in
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situ, as Wittig reagents toward aldehydes and ketones. The approach
has shown to be a new one-pot, E-stereoselective synthesis for «,8-
unsaturated anilides 312. Moreover, the corresponding phosphonium
salts 313 were successfully isolated (Scheme 69).1%4

CHR CHR
/i + +
PhN=C=0 + PRAS - LI —— PhoR(
CHR CHR-C=NPh
310, R=H, n-Pr, Ph o~ F
311A
CH,R + CH,R
Hs0 7
thﬁ“\ NHPh 3 PhoP
CHR-C{ - CR—C-=NPh
o] [
SIS I
313 311B
1R1R20=o
R'R?C=CR-C(O)NHPh
312
SCHEME 69

Recently, Meervelt et al.!% reported that the adducts 314 of the
available ylide 31f with aroyl- or acylisocyanates and their thio ana-
logues undergo facile cyclization, promoted by hydrogen chloride in
methanol, to give high yields of 2-alkyl (aryl)-4-hydroxy(mercapto)-
6-0x0-1,6-dihydropyrimidin-5-yltriphenylphosphonium chlorides 315,
suitable for preparing several types of phosphonium ylide-betaines of
the pyrimidine series (e.g., 316) (Scheme 70).

X + + + "
é': PPh3 PPh3 PPhz Cl
1l - <
N
CN
=0 —
R 31f
s R'= aryl;
alkyl
,X=0,8

SCHEME 70
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The reaction of two equivalents of isocyanates with (2,2'-
diethoxyvinylidene)-triphenylphosphorane was reported to yield
1,3-disubstituted 6,6-diethoxy-5,6-dihydro-5-(triphenylphosphorany-
lidene)-2,4-(1H,3H)-pyrimidinediones 317 through the intermedi-
ate betaine A. By boiling 317 in acetic acid, the acetal group is
cleaved with the formation of the corresponding 6-oxo-derivative 318
(Scheme 71).196:197

OEt EtO_ OEt
R'-N=C=0  PhsPli- oFt PhaP. N,R1
+ » + isocyanate | /k
~__OEt o7\~ 710
PhaP-C=C{ 07N 19" "N 0
OEt A R’

o)
0% 317
o /
1

SCHEME 71

Isothiocyanates were reported to give alkylidene phosphoranes ei-
ther as stable betaine 319 (if R exhibits an (+) I-effect)'®® or as the ylide
320 (for groups with an (—) I-effect).!8°¢4 Subsequent reactions of 319
or 320 make possible the synthesis of thiocarboxylic acid amides 321,
as well as substituted vinylphosphonium salts 322 (Scheme 72).185d.198

w 3 NPt 1
RHC—C=NR RC—C—NHR
R'-N=C=5 SHR ___ Ty ]
Realkyl  PhP S of PhP 8
2
319 | 320
lR CHO

1]

R(I'J=C—NCH3R1 RCr;—C—NHR1
PhsPt SCH; |  CHR?
322 321

SCHEME 72

Reactions with Azides

The reactions of phosphorus ylides with organic azides would
be expected to parallel the reactions of phosphines, Grignard
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reagents and carbanions with azides. In these three cases, nu-
cleophilic attack occurs on the azide terminus to give initially
a triazo intermediate A which either remains stable or decom-
poses into other products (Eq. 42). In effect, adducts from stabi-
lized ylides and organic azides fall within this latter group and

R'N;+ Y

¢—N=N—N—R ——~~~—» Products (42)
A

their mode of decomposition depends upon the electrophilicity of the
carbonyl group of the ylide. Thus, 2-oxoalkylidenephosphoranes 31d,c
reacted with azido compounds and afforded a versatile general syn-
thesis of vicinal triazoles 324 (Scheme 73). The reaction could be vi-
sualized as a 1,3-dipolar cycloaddition of the azido group to the enol
betaine form B. Originally, the method was described for phosphoranes
31d,c in which R?=H,' and later was broadened in scope??0-204 to
include phosphoranes in which R? = alkyl. Thus, it has been shown
that applying the reaction to carboxylic acid azides yields primary
products 325A in which the acyl group is attached to N-1 of the pro-
duced triazoles; however, migration to N-2, 325, could occasionally occur
(Scheme 74).200-204

0
il + 1
R'N; +[Ph3P=CR2—C—R == Ph3P—CH=C—R]

31d,c, R%=H B J
R
[~  LPhPO PhapﬁR
N%N/N‘R1 N%N/ "R
324 2
;R=Me; Aryl 323
R'= Aryl; Ar-SOp; ArCO
SCHEME 73
R2 0 RZ R
R1—<+Ph3PCCR—>H 11— /A
‘C’R N_ N
%= alkyl N
,C.
325A 0”R!
325
SCHEME 74

In some instances, the azido group is found to undergo a 1:3-dipolar
cycloaddition to the P=C (double bond) of the phosphorane 31d,c as
shown in Scheme 75.199203-206
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e
R2-
R'N; + PhyP=CH-COR? — ] RPhs
N%N /N‘R1
R'= ArSO,, ArCO, Aryl
R’= OE1, NEt, A

|

2} 1
R?-C-C—H + R'-N=PPhy
N2
SCHEME 75

The reaction formulated in Scheme 73 was also applied to vinyl
azides 326 and gave the triazoles 327 (Scheme 76),2°7 although ex-
tremely long reaction times are necessary.

PPh Me
3 — 1

RI__N; _ CH-cocHy /A [ ( R
. + ———5 N Nep=Cug2
R2 R? X CT7°R

31d N

326 327
SCHEME 76

Even though the scope of the reaction of phosphonium ylides with
azides has been early explored?’® and flourished in the 1960s and
70s, relatively little has been added after that. Old Staudinger reac-
tion followed by an aza-Wittig cyclization to build unsaturated nitro-
gen heterocycles and the versatility of the azide group, as well, was
reported in several publications.29-213 For example, the treatment of
w-azido-B-dicarbonyl derivatives 328 with one equivalent of PhsP led
to a transient phosphineimine A (Staudinger reaction), which cyclized
into vinylogous urethanes 329 and amides via an intramolecular aza-
Wittig reaction in excellent yields (Eq. 43).2%°

R2 R
R® _PhyP THE_ N-PPh,
7 N;FORT. Hsczozcw
0 O
328 R'=R>=H,R*= Ot A

5 days
R.T.-H,0

H._.CO,Et

329

(43)
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Preparation of 1,2,3-triazole nucleosides 330 from the reaction of
apiofuranose azide with keto ylides (Ph3P=CHC(O)R) in four steps was
also reported.?2’* A number of lipids were similarly prepared by the
reaction of the corresponding azido derivative with keto ylides or by
the reduction of the azido group to an amino group followed by the
Wittig reaction.?!®

OH OH

330

In the same manner, a number of furo[3,2-clpyridines 333a-d
and benzo[blderivative 333e were prepared by the reaction of the
corresponding iminophosphoranes 332, available from ethyl azido-
heteroacrylates 331 and triphenylphosphine, with phenyl isocyanates
(Eq. 44).216

RO R RO 1O R

AN AN R ~_~R |
PPh PhN=C=0
\ /LR ) e tee M AN

2 2 R?
R R NH-Ph
331 332 333a-e

_ (44)
, R=CO,Et dR " .
d 4-Me-C¢H, H
e R'-R?= CH=CH-CH=CH

a Me Me
b Me H
¢ Ph H

Cyanazide was reported to react with acylmethylenephosphoranes
31c-e to give N-cyano-a-diazoimines 334 and PhsPO. Photolytically,
the diazo products 334 were transformed into the N-cyanoketeneimines
335, which had been trapped as imidoesters 336 by the addition of
methanol (Scheme 77).217

_ H R
0 R-C—C—H
i+ = . 0

R—C=CH-PPh; + NC-N; —> N N

N

N N- 2
3l1c-e \\N/ C CIJN
R=Ph, Me, H A 334
(l)Me /R
N=C—CH,R MOt N=c—N=C=C JV
H
336 335

SCHEME 77
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Conversely, triazole-1-carbonitrile 338 was obtained in 90% yield
by reaction of the methylenephosphorane 337 with cyanoazide
in dichloromethane/acetonitrile with concomitant formation of
PhsPO. When a solution of 338 in acetonitrile was heated 2,5-
dimethyl-4-phenylimidazole-1-carbonitrile (339) was formed by [3+2]-

cycloaddition of a-cyanoiminocarbene (A) to the solvent (Scheme 78).218
PhP O
Phs;,C—C—Me o "
I Na—CN A Ph CH
—_— — o <\
+ 1V _ -PhgPO Ny N-cn -N: N-CN
PP O N A
Ph—C=C—Me 338
Ph Me
= + CHaCN
Ny N-CN
Ne”
CHs
339
SCHEME 78

3-Azidotriazines 340 has been recently reported to react with keto
ylide 31d yielding 1-triazino-5-substituted-1,2,3-triazoles 341, whereas
with ester ylides 31a,b the corresponding iminophosphoranes 342 were
formed (Eqgs. 45 and 46).21°

1 - 1 Me
RNANSN prgf o RANANS e
e LT
N HC=C—-Me R2 \N N\N¢N (45)

2%
R™ SN
31d 341
340, R!, R?= Phenanthrene
R'=R*=Ph
340 + PhsP=CHCOR —= | (46)
2 Z
31a,b R N” “N=PPhs
, R=0OMe; OEt 342

The reaction of o-phthalimidobenzoic acid azide 343 with stabilized
ylides has been recently reported in some details.??® With cyano ylide
31f, 343 afforded three products 344-346; whereas with keto ylides 31¢
and 31d, it yielded 344b and 347 respectively (Scheme 79).220
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5 'ﬁ %, |lv ‘C’

0
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T
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W, _h-—-:—{r Y
Y [
1id
W= okl n""f"h."c
=
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SCHEME 79

More recently, a series of 9-deazaxanthines was regioselectively
prepared in reasonable yields as major products from the reactions
of 6-azidouracils with stabilized ester-, keto-2¢ and moderate al-
lyl ylide phosphoranes, instead of the expected triazoles.??! Thus,
azide 348a reacted thermally with ester ylide 3la and afforded
pyrrolo[3,2]pyrimidines 349a and 350a (Scheme 80).

f,"f]ﬁ* ] ff — "1 3}*

N
RI
Ph;P OR
348a, R'=H Ph3P=CHC00R
b, R'= Me 31ab l
N X R g
R NH
A C U ArCHO RN NH - RoH RN I "o
le] N [o) Ar=Ph-NO sp J\ o m OJ\ N
R!  CHAr o 0
351ab R PPy / PPh3
ROH
350a,b
O
A )<
(o] N‘
R 349ab
SCHEME 80

On the other hand, treatment of 348a with 31b yielded 349a along
with (0-amino-pyrimidino)ethyl acetate 352. The latter compound was
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further heated in a mixture of acetic anhydride and pyridine to give the
fused pyrrolone 353 (Eq. 47). Pyrimido[5,4-g]pteridine-2,4,5,7-tetrone
354 along with 349b and 350b were obtained when the azide 348b was
treated with either 31a or 31b (Eq. 48). The treatment of cyclic ylides

0
HN NH;
AcOE
348a + 31b » p,RI=H 225 Py | 47

CH,-CO,Et

[0 N
H
O 352
HN NH -EtOH
3492 )\h
07N o
H 353

o) 0
N
348b 3la—>» MEN)I r‘\NMe+ 349b+ 350b
+ a
N N (48)
Me Me
354

350a,b with aromatic aldehydes afforded the corresponding Wittig
products 351a,b. Furthermore, by treating the azides 348a,b with keto
ylide 31e, pyrroles 355a,b and pteridine 352 (with 348b) were ob-
tained (Scheme 81). With allyl ylide-prepared in situ from its bromide
salt by using NaH-the reaction products consisted of the respective
pyrrolo fused-pyrimidines 356a,b along with 6-aminouracil 358 or the
iminophosphorane 357b are the reaction products (Scheme 82).22!

o] z Ph o H
- N
CH=C— N 0 Ph

348a,b + l+ i Ph A R)\ I e L | I

Phob” O P L.

3lc . H
R H
355ab
SCHEME 81

CONCLUSIONS AND PROSPECTS

This brief review of chemical reactivity of alkylidene phosphoranes to-
ward carbon-nitrogen systems is by no means exhaustive. By using
some selected, but not typical examples, the value of phosphonium
ylides as synthons for organic synthesis, in particular for their ability to
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+ -
Ph;P-CH,—CH=CH, Br

iNaH
H
CH, CH, R N
TR D, RN
o] A J I+ PhPCH
Ph;P-CH  ph,P-CH o
A B R 356a,R=H
256h, R = Me
B|+348ab o o
R onl HN
!
o7 N=PPh; 357a 07> N NH,
R! H
357a,R =H 358
b, R =Me
SCHEME 82

react with poor electrophiles, has been illustrated. In most cases, a few
easy reaction steps enable the synthesis of novel and highly interest-
ing types of condensed heterocycles that are difficult to obtain by other
synthetic means. There are reasons to believe that the chemoselectiv-
ity and regioselectivity of some of the reactions reported need further
refinement.
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