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A series of 7-substituted cycloheptatrienes bearing EDG such as (3, X = –PPh3
+, –P(O)Ph2, –SO2C6H4CH3,

–OCOC6H4CH3 and –CN) were synthesized and their isomerization into the corresponding 2-isomers
(4–8) has been achieved, under controlled microwave heating in the presence of easily available
DABCO and t-BuOK. On the other hand, the conversion of allyltriphenylphosphonium bromide into
vinylic isomer with NEt3 has been carried out in a similar way. This convenient and facile procedure
has reduced the average reaction times to a matter of minutes (>20 min), rather than the hours typical
of conventional procedures, in addition, the 2-isomers (4–8) were obtained in excellent yields and
mechanism of products formation is described.
� 2018 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In the last three decades, there has been considerable interest in
the reactivity of vinylphosphonium salts such as (1) which is con-
sider as one of the main precursor in the synthesis of carboxylic
(Keough and Grayson, 1964; Cory et al.,1980, Cory and Chan,
1975; Darling et al., 1979; Hewson, 1978; Fuchs, 1974), and hete-
rocyclic compounds (Schweizer and Light, 1966; Schweizer and
Smucker, 1966; Alsamarrai, 2017; Kuźnik et al., 2017).
In this respect, the isomerization of allyl, aryl sulphones,
allyldiphenylphosphine oxides, diethyl allylphosphonate,
allylphosphonium bromide, and allyltriphenyl arsonium bromide
such as (2) undergo isomerization to the corresponding vinylic iso-
mers (2a) were achieved by 1,3-proton shift and performed by
organic and inorganic bases (Grayson et al., 1959; Swan and
Wright, 1971) such as NaH, Et3N, DABCO, pyridine, EtONa, K2CO3

. . .ets., as it can be seen Fig. 1. Recently, (z)-propenyl ethers were
obtained from allyl ethers using lithium diisopropylamide (LDA)
as a catalyst and at room temperature (Su and Williard, 2010)
Fig. 2.

In recent years, the application of microwave in organic synthe-
sis has gained increasing attention for the benefit of environment,
mildness, and saving of materials. For instance, KF/Al2O3 was intro-
duced as an efficient and versatile catalyst for the isomerization of
eugenol into vanillin under heterogeneous reaction conditions and
by microwave assistance (Luu et al., 2009) Fig. 3, isomerization of
saforle and eugenol were achieved in homogeneous medium under
the effect of microwave (Salmoria et al., 1997).

However, additional microwave-assisted synthetic processes
for the isomerization of allylic acetate prior to a novel intramolec-
ular Diels-Alder cycloaddition to furan gave substituted indole
under reaction conditions (Xu and Wipf, 2017).

In continuation of our interest in the development of new
approach to the isomerization of (2) and (3) into the corresponding
isomers (2a) and (4–8) we reported herein a convenient micro-
wave irradiation approach for this isomerization using NEt3,
DABCO, t-BuOK as catalysts.
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Fig. 1. Conversion of allylic compounds into vinylic compounds.

Fig. 2. Conversion of eugenol into vanillin.

Fig. 3. Conversion of (3) into (4–8) under conventional reaction conditions.
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2. Materials and methods

Melting points were determined on Buchi melting point appara-
tus using open capillary tube and they were uncorrected. All the
required chemicals used were purchased from Aldrich. Thin layer
chromatography (TLC) was carried out on already made 5 � 5 cm
plates coated with silica 0.25 cm N-HR/UV254 obtained fromMerck.
1H-NMR spectra were recorded on BRUKER spectrometer (300 and
500 MHz) by different solvents with TMS as internal reference.
Chemical shifts (d) are expressed in ppm relative to TMS as internal
standard on the d scale. IR spectra were recorded on Shimatzu FT-
IR-8400S spectrophotometer over a frequency range 4000–400
cm�1. Microwave experiments were conducted using Microwave
Synthesis WorkStation (MAS-II), Microwave chemistry technology.

2.1. Preparation of starting materials

Starting materials were prepared as previously reported. The
compounds (2) (Keough and Grayson, 1964), (3, X = –+PPh3BF4�)
(Alsamarrai and Hobson, 2000), (3, X = –P(O)Ph2) (Alsamarrai and
Hobson, 2000), (3, X = –SO2C6H4CH3) (Alsamarrai, 2017), (3, X =
OCOC6H4CH3) (Alsamarrai, 2014), and (3, X = –CN) (Conrow, 1963).

2.2. Isomerization of allyltriphenylphosphonium bromide (2)

To a solution of allyltriphenylphosphonium bromide (2) (1 g) in
dry acetonitrile (5 ml) was added a methanolic solution of
(0.1 ml Et3N in 0.4 ml methanol) and irradiated with microwave
(500 watt), while the reaction temperature was set up at 80 �C.
Examination by TLC showed that the isomerization of (2) to (2a)
was completed after 20 min. After cooling, the solvent was
removed under vaccuo and the residue was taken up in dichloro-
methane (10 ml) and washed with 10% aqueous HBF4. The organic
layer was dried over anhydrous MgSO4, and the solvent was
removed under vaccuo again and the remaining crude product
recrystallized from ethyl acetate:ether (6:1). The white crystals
of propenyl-1-triphenylphosphonium bromide (2a) was collected
(Yield: 0.46 g, 46%), m.p., 210–214 �C. [Lit. 213–214] (Grayson
and Keough, 1960). The compound (2a) was identified by IR, UV
and 1H-NMR. kmax (MeOH): 261.40, 266.40, 272.60 nm; tmax

(KBr): 3055 (CAH aromatic), 2950 (CAH aliph), 1589 (C@C),
1436 cm�1 (CAP); 1H-NMR (CDCl3): d 2.42 (3H, doublet, CH3),
6.4–7.1 (2H, m, H1,2), 7.5–7.9 (15H, m, C6H5).

2.3. Isomerization of (3, X = –+PPh3BF4
�, –P(O)Ph2, –SO2C6H4CH3, –

OCOC6H4CH3, and –CN): general procedure

The compounds (3, X = –+PPh3BF4�, –P(O)Ph2, –SO2C6H4CH3,
–OCOC6H4CH3, and –CN) (1 g each) were separately dissolved in
dry acetonitrile (10 ml) containing catalytic amount of DABCO,
except the compound (3, X = –P(O)Ph2) which was dissolved in
dry t-butanol containing (30 mg) potassium metal and the mix-
tures were irradiated under microwave at 500 watt, while the reac-
tion temperature was set up to 80 �C for 15–20 min with one min.
interval. The reactions were monitored by TLC. After the isomeriza-
tion of (3) to (4–8) was completed, the solvents were evaporated
and the residues were taken up in dichloromethane (10 ml) each
and washed with 10% aqueous HBF4 (10 ml) to remove DABCO
and t-BuOk. The organic layers were dried over anhydrous MgSO4,
and the solvents were evaporated to give the crude products of
(4–8).

2.3.1. 1,3,5-cycloheptatrien-2-phosphonium tetrafluoroborate (4).
The crude product of (4) was dissolved in dichloromethane (10

ml) and precipitated by addition of ether (12 ml) resulting in the
separation of pale crystals of 1,3,5-cycloheptatrien-2-phospho
nium tetrafluoroborate (4). (Yield : 0.9 g, 90%), m.p., 264–265 �C,
[Lit. 262–265 �C] (Alsamarrai and Hobson, 2000); (Found: C,
67.9; H, 5.3. C25H22BF4P requires C, 68.18; H, 5.0%); kmax (MeOH):
259.80 nm, 265.40 nm, 272.20 nm; tmax (KBr): 3090 (CH-Ar),
3000 (CH-olf.), 2900 (CH-aliph.); 1579.70 (C@C-olf). 1436.97
cm�1 (P-Ph); 1H-NMR (CDCl3): d 2.66 (2H, t, J1,7 = J6,7 = 7.5 Hz, H7)
5.65 (1H, d � t, J5,6 1.0 Hz, H6), 6.05 (1H, t � t, JPH1 18.5, J1,7 7.5
Hz, H1), and 6.4–6.7, (2H, m, H4 and H5),7.16 (1H, m, JP,H3 10.5,
J3,4 1.0, J3,5 2.0 Hz, H3), 7.5–7.9 (15H, m, C6H5) ppm.

2.3.2. 1,3,5-cycloheptatrien-2-yldiphenylphosphine oxide (5).
The deep red residue was passed through an activated alumina

column using ether-ethyl acetate (1:2) as eluent. The solvent was
evaporated and the residue was recrystallized from ethyl acetate
to give 1,3,5-cycloheptatrien-2-yldiphenylphosphine oxide (5).
(Yield : 0.63 g, 63%); m.p., 119–120 �C [Lit.120 �C] (Alsamarrai
and Hobson, 2000); (Found : C, 78.0; H, 6.1 C19H17PO requires C,
78.08; H, 5.82%); kmax (EtOH): 261.5, 265, 272 nm; tmax (KBr):
3060 (CH), 1200 cm�1 (P@O); 1H-NMR(Toluene-d8) : d 2.50 (2H,
t, H7), 5.50 (1H, d � t, JPH1 17 Hz, H1), 5.90 (1H, m, H6), 6.50 (1H,
m, H3), 7.00 (2H, m, J5,6 9 Hz, H4,5), and 7.60 ppm (10H, m, C6H5).

2.3.3. 2-Tosylcyclohepta-1,3,5-triene (6).
After the evaporation of the solvent as mentioned earlier the

crude residue of (6) was recrystallized from ethanol-H2O (9:1)
afforded white crystals of 2-tosylcyclohepta-1,3,5-triene (6).
(Yield : 0.87 g, 87%), m.p., 140–142 �C; (Found: C, 68.29;
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H 5.9. C14H14O2S requires C, 68.29; H, 5.69%); kmax (MeOH); 235.20
nm;tmax (KBr .cm�1); 3075 (CH-aromatic), 2981, 2883 (CH-aliph),
1595(C@C), 1560(C@C-aromatic), 1145(S@O); 1H-NMR (CDCl3): d
2.40 (5H, m, H7 and CH3), 5.45 (1H, d x t, J5,6 9.5 Hz, H6), 6.12
(1H, d � d, J4,5 5.0 Hz, H5), 6.75 (2H, m, H3,4), 7.24 and 7.66 ppm
(4H, 2 � d, J 8.0 Hz, aromatic protons).

2.3.4. 1,3,5-Cycloheptatrienyl-2-toluate (7).
The crude compound (7) was recrystallized from ethanol to give

white crystals of 1,3,5-cycloheptatrienyl-2-toluate (7). m.p., 162–4
�C. (Yield: 0.92 g, 92%); kmax (EtOH): 274 nm; tmax (KBr .cm�1):
3079 (CH-aromat.), 2875, 2965 (CH– olef.), 1765 (C@O), 1615
(C@C aromat.), 1225, 1180 cm�1 (CAOAC); 1H-NMR (DMSO-d6):
d 2.27 (2H, m, H7), 2.3 (3H,CH3) 5.09 (1H, d � t H6), 5.22 (1H,t,
H1), 5.24 (1H, m, H4), 6.11 (1H, m, H5), 6.99 (1H, d, H3) 7.49–
7.77 ppm (4H, d � d, aromatic protons).

2.3.5. 2-cyano-1,3,5- cycloheptatriene (8)
The solvent was evaporated to give brown–oil of 2-cyano-1,3,5-

cycloheptatriene (8). (Yield : 0.9 g, 90%); kmax (MeOH); 212 nm,
262.10 nm; tmax (thin film); 3029 (CH-aliph), 2217(C„N), 1595
cm�1 (C@C); 1H-NMR(CCl4) : d 2.15 (2H, t, J6,7 6.7 Hz, H7), 5.40
(1H, t, J5,6 9.5 Hz, H6), 6.00 (1H, t, H1), 6.25 (1H, d � d, H5), 6.55
(1H, d � d, H4) and 6.8 ppm (1H, d, H3).

3. Results and discussion

In 2000 and 2017, we were able to introduce DABCO and t-
BuOK as an efficient and versatile reagents for the isomerization
of 7-substituted cycloheptatrienes bearing EWG groups into the
corresponding 2-isomers under homogenous and relatively mild
reaction conditions (Alsamarrai, 2017; Alsamarrai and Hobson,
2000), see Fig. 3. Almost four decays earlier, Conrow (1963) and
Doering et al. (1957) called attention to the usefulness of DABCO
in isomerization of (3, X = CN) into (8, X = CN) in a yield of 30% in
refluxing methanol for 18 h Fig. 3.

The 2-isomers of 7-substituted cycloheptatrienes bearing EWG
such as PPh3

+BF4�, P(O)Ph2, SO2C6H4CH3, OCOC6H4CH3, and CN are
highly versatile key intermediates in synthesis of heterocyclic
compounds under conventional reaction conditions, e.g., com-
pounds (9, 10) (Alsamarrai and Hobson, 2000) and (11a, b; R1 =
R2, Me, Ph or R1 = Me, R2 = Ph) Fig. 4 (Alsamarrai, 2014).

The use of microwave-induced rate acceleration in organic syn-
thesis in comparison to the conventional solution phase reactions
was first introduced in 1993 by Loupy and Thach with their inves-
tigation of the base- catalyzed isomerization of eugenol (Loupy and
Thach, 1993). As a part of our ongoing research into the chemistry
of isomerization of 7-substituted cycloheptatrienes, we introduced
microwave technology for the isomerization of these compounds
toward the corresponding 2-isomers. The starting compound (2)
(Keough and Grayson, 1964; Grayson and Keough, 1960) was
obtained by reaction of triphenylphosphine with allyl bromide in
dichloromethane while the other starting compounds (3, X =
+PPh3BF4� (Alsamarrai and Hobson, 2000), P(O)Ph2 (Alsamarrai
and Hobson, 2000), SO2C6H4CH3 (Alsamarrai, 2017), OCOC6H4CH3

(Alsamarrai, 2014) and CN (Conrow, 1963) were obtained by reac-
Fig. 4. Structures of some heterocyclic compounds.
tion of triphenylphosphine, methyl diphenylphosphinite, p-
toluenesulphinic acid sodium salt, sodium toluate, and sodium
cyanide, respectively with tropylium fluoroborate in dichloro-
methane and methanol as indicated in Fig. 3. The final target com-
pounds (2a, 4–8) were synthesized by isomerization of (2) and (3,
X = –+PPh3BF4�, –P(O)Ph2, –SO2C6H4CH3, –OCOC6H4CH3, and –CN)
in CH3CN and t-BuOH with DABCO, t-BuOK, and NEt3. DABCO, t-
BuOK, and NEt3 proved to be an efficient and versatile reagents
under the assistance of microwave irradiation (500 watt) and could
perform the isomerization within 15–20 min. whereas the same
reactions required 18–24 h by conventional procedures
(Alsamarrai and Hobson, 2000). All reaction were carefully moni-
tored by TLC. Thus, it appeared that the isomerization reactions
in all cases showed no traces of starting materials and indicated
the formation of only single product. After the removal of the bases
(aqueous HBF4), solvents, and purification, assignment of the struc-
tures (2a, 4–8) were based on changes in the UV, IR and 1H-NMR
spectra; the UV exhibited several bands differing markedly from
that of the original starting materials (3, X = +PPh3BF4�)
(Alsamarrai and Hobson, 2000), P(O)Ph2 (Alsamarrai and Hobson,
2000), SO2C6H4CH3 (Alsamarrai, 2017), OCOC6H4CH3 (Alsamarrai,
2014) and CN (Conrow, 1963). The 1H-NMR data (Table 2) showed,
the presence of five olefinic protons and a CH2 group adjacent to an
olefinic proton coupled to phosphorus through a double bond, i.e.,
the moieties A and B in compounds (4,5). Upon irradiation of the
CH2 signals at 2.66 and 2.50 ppm in compounds (4) and (5) respec-
tively, the signals due to the 6-proton collapsed to a doublet due to
coupling between H5 and H6, and the 1-proton also collapsed to a
doublet due to coupling between phosphorus and H1, thus con-
firming the structures (4,5). Details of the characterization of the
compounds (2a) and (4–8) reported in the experimental part.

The conversion of (2) into (2a) gave only a moderate yield of the
product (46%). The big evidence for the formation of (2a) was come
from its 1H-NMR spectrum which indicates the presence of a dou-
blet at 2.42 ppm corresponding to CH3 coupled to an olefinic pro-
ton (H2) and a multiplet at 6.4–7.1 ppm for H1 and H2.

The isomerization presumably occurred via the cyclohepta-
trienide (3a) as illustrated in Fig. 5. In view of the instability of
cycloheptatrienide anion (3a) (Dauben and Rifi, 1963), it seemed
somewhat surprising that isomerization proceeded so readily and
with relatively mild bases (pka1 and pka2 of DABCO: 2.95 and
8.60 respectively). Moreover, attempts to observe Wittig reactions
under these conditions, e.g., using a reactive carbonyl compound
such as benzaldehyde particularly with 7-isomers bearing phos-
phonium and phosphoryl groups, failed to provide any evidence
for the formation of the cycloheptatrienide (3a) as an independent
species. It seemed likely that the proton transfer leading to the iso-
mers (4–8) occurred within a complex formed from (3a) and a
molecule of DABCO.

Similarly, a complex intermediate between DABCO and
allylphosphonium bromide (2) would lead to the isomer (2a). Thus,
the formation of the 2-isomer, e.g., (4, X = +PPh3BF4�) and the total
Fig. 5. Proposed mechanism for the conversion of (3) to (4–8).



Table 1
Microwave-assisted reaction conditions for the synthesis of compounds (2a, 4–8).

2-Isomers Solvent m.p. �C Temp. �C Time/min. Catalyst Yield%

CH3CN 210–214 80 20 Et3N + MeOH 46

CH3CN 264–265 80 15–20 DABCO 90

t-BuOH 119–120 80 15–20 DABCO 91

CH3CN 140–142 80 15–20 DABCO 87

CH3CN 162–164 80 15–20 DABCO 92

CH3CN —— 80 15–20 DABCO 90

Table 2
1H-NMR data of the compounds (2a, 4–8).

2-Isomes H1 H2 H3 H4 H5 H6 H7

6.40–7.10 2.42 d CH3

6.05 t � t 7.16 m 6.4–6.7 m 5.65 d � t 2.66 t

5.50 d � t 6.50 m 7.00 m 5.90 d � d 2.50 t

6.46 6.75 m 6.12 d � d 5.45 d � t 2.40 m

5.22 t 6.99 d 5.24 m 6.11 m 5.09 d � t 2.27 m

6.0 t 6.8 d 6.55 d � d 6.25 d � d 5.4 t 2.15 t
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absence of any deuterated product indicated that the hydrogen
shift was intramolecular process (Hunter and Cram, 1964) involv-
ing a partially anionic species (3b).

Earlier, such an intramolecular mechanism has been suggested
by Bank et al. (1963) for the isomerization of perdeuterio-1-
pentene (12) to perdeuterio-2-pentene (13) in dimethyl sulphox-
ide in the presence of 2-methyl-1-pentene. It was found that when
18% of the deuterium had been lost from the pentene olefin, less
than 0.4% deuterium had been incorporated in the 2-methyl-1-
pentene or 2-methyl-2-pentene. These intramolecular 1,3-
prototropic shifts are not uncommon in b,a-unsaturated
compounds (Hunter and Cram, 1964).

Later, a careful investigation of the reaction products (14) and
(15) by 1H-NMR and GC–MS analyses showed the absence of
mono-deuterated products as it can be seen in the equation below
(Tani, 1985). Therefor it is concluded that the present isomeriza-
tion proceeds exclusively via intramolecular 1,3-hydrogen
migration.

In general, the irradiation with microwave resulted in an
improved yields and the reaction times were remarkably reduced
(Table 1). The outcomes of these reactions are inconsistent with
mechanism proposed that the high activation energy of the process
could be responsible for the observed improvement under micro-
wave irradiation (Rodriguez and Prieto, 2016).

4. Conclusions

7-Substituted cycloheptatrienes bearing EWG groups and their
2-isomers are of interest, partly due to their occurrence in natural
products, and partly due to their theoretical synthetic utility
involving either 7-substituted cycloheptatrienes (3) or prior iso-
merization to potentially electrophilic a,b-unsaturated derivatives
(4–8). This work conforms the usefulness of microwave as easy,
highly yield method, for the isomerization of (3) to the correspond-
ing 2-isomers (4–8) under microwave irradiation. We can reveal
that this isomerization proceeds via intramolecular 1,3-hydrogen
migration. The process proved to be successful and yields reach
to 92% and with short reaction times (>20 min). The simple exper-
imental procedure and easy purification make this protocol
advantageous.
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