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Abstract - The reaction path of dialkyl(5-methyl-1,3,4-hexatrien-3-yl)-
phosphonates with methylselencnyl chloride was investigated in details.
The spectral and chromatographic studies indicate that alongside the
main reaction products - 2,5-dihydre-1,2-oxaphospholes, three different
selenophenephosphonates and 7,3-alkadienylphosphonate are obtained too,
i.e. the interaction of la-c with methylselenenyl chloride is regio-

selective but not chemo- and stereoselective reaction.

INTRODUCTION

The accessibility of the dialkyl (5—methy]—1,3,4—hexatrien—3-y1]phosphonates] and
their rather interesting svstemof deouble bonds provided the grounds in recent years
for systematic studies c¢n their reactivity with respect to electrophiles. It was
shown that depending on the nature of the reagent they afford various classes of
heterocyclic compound52_4. We reported recently the preparation in good yields of
3-vinyl-substituted Z,5-dihvdro-1,2-oxaphosphole Z-oxides starting from the above
triene phosphonates and sulfuryl or selenenyl chloridesd. Bearing in mind the fact
that selenenyl chlorides are analogous to sulenyl chlorides it secemed reasonable
to expect that the thiophene cyclization2 observed with sulfenyl chlorides should
also proseed in this case. Based on this consideration we presently describe the
detailed spectroscopic and chromatographic results on the products isolated from

the crude reaction mixtures obtained from la-c with MeSeCl with the view to in-

vestigating the chemo-, regio- and stercoselectivity and mechanism of the reaction*,
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RESULTS

The reaction of the dialkyl (5-methyl-1,3,4-hexatrien-3-yl)phosphonates Ja-c with

methylselenenyl chloride are conducted accerding to the procedure described earlier4

1

The 'H-NMR spectra of the crude reaction products revealed the presence of signals

from the 3-vinyl-2,5-dihydro-1,2-oxaphosphole 2Z-oxides 2a-c¢ and the signals of other

products:
/ / SeMe
M —_—
L _ e . MeSeCl 0\\P Me+ other
yum— R RO’ \0 Me products
(RO)QP\\

O 1ta-¢
The side products, judged from spectrzl data, are 10-12% when starting from la,
8§-10% when starting from ib and do not exeed 5-7% when starting from Jlc. The preli-
minary results indicate that the interaction between the esters laz-¢ and MeSeCl does
not proceed in one direction only. This 1Is not surprising bearing in mind the rather
complex system of double bonds they possess. With the view to cbtaining all products
produced by the above reaction in pure form we subjected to column chromatography
the crude reaction mixtures. The individual compounds had very clese Re values which
rendered their sceparation very difficult. In most cases were obtained mixed
fractions enriched in one of the compenents which then were divided by preparative
TLC. The purity of the individual compounds was monitored by qualitative thin-layer
chromatography and spectral methods. We succeeded in isclating and identifying
spectrally in pure form all products arising from la and enriched in individual se-
lenophenephosphonates fraction from 2b and 2c. First leave the column the oxaphos-
pheles Za-c. They all exibit spectral characteristics very similar to the ones
described in ref. 4 ( Table 1 ). The 31P chemical shifts for 2a-¢ are typical for
this type of compoundss. From the remaining four groups of isolated compounds

{ Ic afforded only traces of one of them )}, three contain a selenophenc ring and

*Chemoselectivity will be related to the preference for attack of the one double

bond of the comulated dienic system.

Regioselectivity is related to the relative positions of nucleophile and electro-

phile on the reacting double bond.

Stereoselectivity refer to the typve of the chemical transformation of the

reaction’s intermediate.
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Table 1. TLC and 'H- and °'P-NMR data of Za-¢ obtained

by column chromatography

Han  Hc

SeMe
d}
Hp 0§ —

. Meg)
RO” 07 “Me,

Chemical shifts, &6 (ppm) Coupl. Constants J Hz
No R Rf 2

31 _ a-b  b-c P-b

P Ha b Hc Hd He ,f a-c Poa P-c

! - 1.54s 1.0 17.8 1.0

2a Me 0.58 31.7 5.57ddd 5.90ddd 6.53ddd 2.26s 1.53s 1.6 201 282

5 1.50s 1.0 17.6 0.8

b Et 0.60 30.0 5.50ddd 5.81ddd 6.54ddd 2.23s 1.59% 10.9 2.0 28.0

i 1.47s 0.8 17.8 1.0

¢ Pr” 0.61 29.2 5.46ddd 5.82ddd 6.51ddd 2.20s 1.56s 1.0 200 782

Table 2. TLC and 'H- and ° P-NMR data of 3a-c obtained
by colmn chromatography
p )
=C
Se ! Hp
Me

) Chemical shifts, & <{ppm) Coupl. Constants, J Hz
v i A 31 H4—H5 Hd—P HS-P Me-H
p H-4 H-5 Ha Hb Me 4 3 seme

Ha-Hb H -Se H -5e Me-Hb

< 6.0 4.3 3.0 1.2
3a Me 0,41 16.6 7.43dd 7.83dd 5.25dd 5.20dd 2.14dd (0.8) (8.8) (46.13(1.5)

b Bt 0.43 14.4 7.40dd 7.85dd 5.18dd 5.15dd 2.92dd 5.9 4.1 2.9 1.0
(0.6) (8.6) (46.3)(1.5)
¢ prl0.42 14,1 7.44ad 7.76dd 5.24dd 5.16dd 2.15dd -5 1.3 8.0 1.

(0.8) (8.7) (46.3)(1.6)

1 3p_

are formed in various ratios depending on la-c. On the basis in their 'H- and

NMR spectra we ascribe to them the following structures. Compound la with MeSeCl

except 2a affords as main product 2Z-isopropenyl-3-dimethoxyphosphonyl-selenophene 3a
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(Table 2). The esters 3b and 3¢ are present in lesser amounts. The structure of

3a-c are assigned on the following grounds: i} The

M

S

M N . e

1

T L T y

9 8 7 6 5

T X

4 3 2

1 & ppm

. 1 - 3
Fig. 1 "H-NMR Spectrum of Z-isopropenvl-3-dimcthoxy-

phosphenylselenophene ( 3a }.

Table 3. TLC and 'H- and

by column chromatography

0

Il
PIOR),

/ \ CHMe,

Se

H-NMR signals for aromatic

protons appear in the

7.40 - 7,85 ppm region and
are assigned to the C-4

and C-5 of the selenophene
ring forming a part of an
ABX system because of their
interaction with phosphorus.
ii) Protons typical for isc-
propenyl group6 are observed
too. The spin-spin inte-
raction between the methyl
group protons and the Ha, a
trans-allylic interactiocn,
is small and the the signal
for Ha is narrower,

Con-

versely, the spin-spin

S1p_NMR data of 4a-c obtained

Chemical shifts & (ppm} Coupl. Constants J Hz
No R R
f 31 4 .5 .4 5 4 5
P H-4 H-5 CH ZMe H'-H” H'-P H"-P H' -5 H -Se H-Me
4a Me 0,51 17.4 7.38dd 7.86dd 3.95qq 1.35d 5.8 4.1 2.8 9.3 48.2 7.0
b Et 0.54 15.6 7.24dd 7.8dd 3.88qq 1.30d 5.6 4.0 3.1 9.0 48.0 6.9
¢ Prl 0.55  15.0 7.29dd 7.75d4d 3.90qq 1.34d 5.7 4.2 2.9 9.1 47.8 7.0

doublet, q - quartet.

interaction between the methyl group protons and Hb, a
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greater and leads to a wider signal for Hb. The peak of the methyl protens is bro-
ader; on expansion they appear as a quartet clealy reflecting the multiplcities of
Ha and Hb thus allowing the exact determinaton of the size of the vicinal and gemi-

nal constants. 1ii) The 31

P chemical shift appear in a region typical for phosph-
nate structure7. On Fig. 1 the spectrum of 3a is shown.
The selenophene 4a-c are present in a lesser amount than 3a-c. They have very

close Rf values to the ones

‘ F J of 2a-c and are eluted frem
k1 ‘ j | the column together with
|V i

ﬂ L their last fractions and
| il
l

\ ! ‘ another product with a
| ;

! hi . i -
|1 | igher Rf value. This com
vV pounds were isecolated in
J pure form by means of pre-

parative TLC. They are

A

’ I 3a-¢ with the exception

: !
+ + that they have an iso-

‘u« structurally similar to

9 8 7 6 5 4 3 2 1 5 ppm
Fig. 2 TH-NMR Spectrum of Z-isopropyl-3-dimethoxypheos-
phonylselenophene ( 4a ). 2 ( Table % ). The 'H-NMR

propyl group in position

spectra of 4a ( Fig. 2 ) and of 4b, 4c arc very similar to these of analoguous

thiophene phosphonatesz. The structure of compounds 5a-c is especially interesting.

1 31

Table 4. TLC and 'H- and P~NMR data of Sa-c obtained

by column chromatography

o\\g /OR
6" \01

5
Sé Me
Chemical shifts, & (ppm) Coupling Constants, J Hez
No R Rf 2
3Tp Ha Hb 2Me asb_ a-P_b-P _a-Se b-Se

5a Me 0.38 35.4 8.02dd 7.21dd 1.66s5,1.70s 5.2 3.9 2.6 43.8 8.0
b Et 0.40 33.6 8.03dd 7.29dd 1.65s,1.72s 5.3 3.5 2.5 44.0 8.2

Pri 0.39 32.8 8.044d 7.10d4d 1.68s,1.72s 5.1 4.0 2.7 44 .1 8.2
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These phosphonates contain two heterocycles one of which is a selenophene and the

other a 2,5-dihydro-1,2-oxaphosphole ( Table 4 ). They are formed in lesser amounts
than 3a-c¢ but in greater
amounts than 4a-c. The
A substances 5Sa-c are
| \ eluted from the column
‘ last. Their structure is
f i based on the following
] } considerations: i) Ty-

JuﬁJ \Vwk_‘ Lﬁi "/ pical proten signals for
| i

a selenophene ring are
1

! present in the "H-NMR

"____ﬁAQ_J spectras. ii) Two oxa-

+ * + + + + 4 —- phospheole ring methyl

_— T Y Y —— ' T

9 8 7 6 5 4 3 2 1sppm
Fig. 3 1H—NMR Spectrum of 8-methoxy-2,2-dimethyl-
1-oxa-8§-phospha-4-selena-bicyclo- 3,3,0 -3,5-octa- nonequivalent because

diene B-oxide { 5a J. of their different in-

proten signals are seen as

teractions with the substitents at phosphorus. Their chemical shifts are in a re-

9-11 §1i) The chemical shift

gion typical for compounds with oxaphosphole structure
of phosphorus is characteristic for oxaphosphole compoundsa. iv} The integral in-
tensity for the alkoxy group at phosphorus corresponds to one ester function. On
Fig. 3 the 1H—NMR spectrum of 5a is shown. The obtained selenophosphonates contain
about 8% the isotope 77Se which is magnetically active and interacts with other
nuclei. This interaction becomes evident with the protons at the a and B carbons

of the selenophene Ting]6

which exhibit symmetric satelite signals on enhancement
of the main signal ( Fig. 1, 2z and 3 ). The dialkyl 1-chloro-4-methylseleno-5-me-
thyl-2,4-hexadiene-3-phosphonates 6a-c were isolated in the smallest amounts on

chromatographic separation. The compound 6a was isolated in pure state, while 6b

and 6c were obtained as a mixture with 2Zb, 2c and d4b, 4c. The !

H-NMR spectrum of
6a (Fig. 4) suppors unequivocally its structure since it contains two doublets for
the two methyl groups at C-5. The spin-spin interaction of these protons corres-

ponds to their Z and E position with respect to the P=0 group12.

The C-Z proton
signal appears downfield and has & spin-spin coupling constant with phosphorus of
19.8 Hz characteritic for the twe trans nuclei, while the chloromethylene group
protons resonate as two doublet with a JH,P of Z.1Hz which speaks in favour of a

cis—allylicinteraction14. These spectral characteristics determine the configu-
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ration of the synthesized diene phosphonate. The chemical shift of phosphorus

}5. The quantities of the

(&6 12.7 ppm ) is in agreement with literature data
described side pro-
ducts in the reaction

mixtures of the ethyl

\M | and isopropyl esters
116

Il ! - Jb, ¢ decreases, as was

1 \ already mentioned above,

i | | a trend that renders

A} In ! their separation difficult
bl

N

‘ k‘f | ” .‘ and not always pessible,

|w ! Regrdless of the small

| ,
o IR
. ] i Fﬂ -, /j LJ ameunts of reaction mix-
L - t | l . tures obtained from MeSeCl
- P — H and 1b,c the *Tp_NMr

e

3 7 5 5 4 3 2 I & pom spectra indicate the pre-
. . sence of all mentioned
Fig. 4 TH-NMR Spectrum of dimethyl 1-chloro-4-methyl- 4
seleno-5-methyl-2,4-hexadiene-3-phosphonate ( 6a 3. above structures.
DISCUSSION

The spectral and chromatographic studies conducted on crude reaction mixtures ob-
tained from la-c and MeSeCl indicate that together with the main reaction - oxa-
phosphele heterocycliztion - four other Teaction courses are cobserved. Since selene-
nyl chlorides are polar reagens we assume the first step of the reaction to be an
electrophilic attack of the selenium atom upon the allene double bond system ( see
Scheme ). The C-4 and C-5 double bond is obvicusly of higer electron density which
should favour the reaction and the formation of the unsymmetric episelenium ion 4,
which explains the formation of oxaphospholes as the main reaction products. More-
cver the intermediate ion A simultancously leading to selenophene and oxaphosphole
heterocyclizaions affording the bicyclic compounds 5a-c. The unsymmetric ien B
which gives further the intermediate C can also be assumed to exist, albeit in
minor amount. Cempounds 3a-c and 4a-c arise from the intermediate C. The 1,3-diene
phesphonates 6a-c arising as a result of 1,4-addition of the MeSeCl also support
the formation of ien B. The selenophenes 3a-c can take place via ion A as well

with the simultaneous elimination of hydrogen chlride and methane. The decreased

vields of the side products obtained from 1b and 1c¢ and selenenyl chloride can be
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explained with the positive inductive effect of the alkyl groups which increase
the electron density of the phosphoryl oxygen and facilitate in this manner oxa-
phosphole cyclization.

It 1s worth noting that regardless of the existing analogy between selenenyl
chlorides and sulfenyl chlorides, the interaction bhetween MeSCl and the above es-
ters does not afford the thiophene analogues of compounds 3a-c and 5a-c. On the
other hand thiophene cyclization to the analogues of da-c proceeds to a greater
extent’. A possible explanation lies in the different stabilities of the episele-

nonium and episulfenium ions.

EXPERIMENTAL

31

Analytical Methods. - and P-NMR Spectra were recorded on JNM-PS-100 (100 Miz)

FX 90 (90 MHz) and Brucker (250 MHz) spectrometrs at normal probe temperatures in

CDCl3. The chemical shifts of 1 31

85% H3P04.

Starting Materials. The crude reacticn mixtures of la-c with MeSeCl were obtained

H and P are relative to internal TMS or HMDSO and

according literature data®.

Column and TLC Chromatography. The qualitative TLC investigations were carried out

on silicagel "Merck' 60 F254 preccated aluminium sheets, using hexane/ethyl acetate
2.3:1 as amobile phase, two- or threefold developement, The column chromatographic
separaticn was performed on silica gel "Merk"™ 60 ( 0.063 - 0.200 mm ).

A.General Procedure for the Column Chromatograhic Separation of the Reaction

Mixtures. The reaction mixtures ( 0,90 - 1.10 g ) absorbed on silica gel were in-
serted into a column { high 140 cm, diameter 2.5 cm } containing 110 - 130 g silica
gel in hexane. Hexane/ethyl acetate mixtures with increased polarity were used as
eluant, the last portion being pure ethyl! acetate. Fractions 70 ml each were col-
lected at a rate of elution about 360 drops/min. Fractions nos. 22-31 { 20-3Z;
18-33 ) contained pure 1,2-oxaphosphole 2a ( 2Zb, 2c resp. ), fracticns nos. 32-49
{ 33-45; 34-46 ) contained a mixture of 2a, 4a and 6a ( 2b, 4b and 6b; 2Zc, 4c and
bc resp. ), fractions nos. 50-54 ( 46-49; 47-51 ) a mixture of the 4a and 3a ( 4b,
3b and 4c,3c resp. ), fractions nos. 54-58 ( 46-48; 47-49 ) pure 3a ( 3b, 3c resp. )
and fractions nos 66-74 ( 64-68; 63-66 ) thebicvclic compound 5a ( 5b, 5¢c resp. ),

B, Preparative TLC Separaion. The fraction mixtures 32Z-49 and 50-54 { 46-49%; 47-51

resp. ) were subsequently subjected to TLC on precoated silica gel '"Merck'™ 60 F254

plates ( 200/200 mm ) using ethyl acetate/hexane ( 2.3:1 ) as eluant. Compounds 2a
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4a, 6a and 3a, 4a ( 3b and 4b; 3¢ and 4c resp. ) were isoclated in pure state after

a two-fold development. The purity of the compouns was followed by TLC.
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