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REACTION OF DIMETHYL ESTERS
OF 3-METHYL-1,2-ALKADIENEPHOSPHONIC
ACIDS WITH METHYLSULFENYL
CHLORIDE—ORIENTATION AND
STEREOCHEMISTRY

CHRISTO M. ANGELOV, KOLYO VACHKOV
Department of Chemistry, Higher Pedagogical Institute, 9700 Shoumen, Bulgaria
and
JORDANKA PETROVA, MARKO KIRILOV*

Department of Organic Chemistry, Sofia University, 1 Bld. A. Ivanov,
1126 Sofia, Bulgaria

(Received April 13, 1982)

The reaction of 3-methyl-1,2-alkadienephosphonic acid (i.e. 3-alkyl-3-methylsubstituted allenephosphonic)
dimethyl esters 1 with methylsulfenyl chloride 2 is oriented mainly to the 1,2-oxaphosphol-3-ene ring
products 3a-d (as diastereoisomeric mixtures when alkyl # CH3). In low extent common 1,2-adducts
4a-d as E.Z-mixtures are also formed. The ratio 3:4 and, in particular the E: Z ratio rises by increase of
the size of the alkyl group at the allenic C*-atom of 1. Lowering the temperature of the reaction of 1 and
2 leads to an increase of the annulation stereoselectivity although it remains not very high in the studied
temperature interval (—45° — +15°C).

INTRODUCTION

In previous communications™ we have described the reaction of esters of 3,3-dialkyl-
substituted allenephosphonic acids with alkyl (aryl)sulfenyl chlorides giving 1,2-oxa-
phosphol-3-enes, monocyclic or spiro-cyclic at C* with cyclohexane ring:
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Scheme 1

On the base of '"H NMR data we have assumed,! that in the cases of different alkyl
substituents at C* (R' # R?) mixtures of diastereoisomers are formed (chirality of C*
and P?), but no attempts for their separation and isolation in individual compounds
were made.

* Author to whom the correspondence should be addressed.
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RESULTS

In the present paper we report our detailed investigation on the products of the in-
teraction of dimethyl esters of 3-methyl-substituted 1,2-butadiene, 1,2-pentadiene,
1,2-hexadienephosphonic as well as of 3,4-dimethyl-1,2-pentadienephosphonic acids
1a, 1b, 1c¢ and 1d, respectively, with methylsulfenyl chloride 2 in order to elucidate
the orientation, stereochemistry and mechanism of the reaction.

The qualitative TLC analysis as well as the '"H NMR spectra of the crude reaction
mixtures obtained from 1 and 2 show, that besides 1,2-oxaphosphol-3-ene deriva-
tives 3 certain amounts of other products are formed (see Scheme 2 below). By col-
umn chromatography using distilled} reaction mixtures the 1,2-oxaphosphol-3-enes
3a-d (3b, 3c and 3d as separated pure diastereoisomers and some mixtures of them)
were obtained in 46-61% total yields. The 'H NMR, IR and TLC data characteriz-
ing the pure diastereoisomers are given in Table I. In the cases of the reaction mix-
tures containing 3¢ and 3d it was possible to achieve almost complete separation
and to determine directly the ratio of diastereoisomers. This is illustrated by 'H
NMR spectra of the mixture containing 3¢ before and after chromatographic sepa-

TABLE I
(@) H SCH; (b)
O\\p— CHs (¢)

N
CH,0 (0 @ R(@)
x)

Yields, TLC and spectral data of 3a-d,

obtained by column chromatography of distilled reaction mixtures of 1 and 2 at the
reaction temperature —15°C

Chemical shifts {(ppm) J (Hz)
Yield
3 R % Ry H, H, H, H. Hi PH, PH,
3a CH; 46 0.20 5.64d 244s 147s 151s 367d 254 116
CyH; 024 559d 241s 1.49s 0.85((CH:) 3.72d 265 115
(3by) 1.70q(CH>)
3b 50
CHs 026 5.65d 241s 142s 0.85¢(CH,) 367d 260 118
(3by) 1.70q(CH,)
n-C3H; 021 558d 241s 1.48s 0.88t(CH:) 3.72d 265 1.2
(3cl) 1.58m(CHzCH2)
3c 55
n-C3H, 027 5.69d 2455 1.42s 0.88t(CH,) 3.67d 260 10.5
(&3] 1.58m(CH;CH,)
i-C3H; 022 544d 2.38s 1.52s  0.92d(CH;) 3.79d 264 11.2
(3d)) 1.86m(CH)
3d 61
i-C3Hs 0.26 5.50d 244s 151s 1.00d(CH;) 3.78d 268 11.8
(3d2) 1.86m(CH)

3a-d IR(CCl): 1540-1562 (vc—=0); 1235-1275 (vp=0).

+ Collected in a large temperature interval after removal of low-boiling impurities (which made chro-
matographic separation difficult).
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FIGURE 1 'H NMR spectra of 1,2-oxaphosphol-3-enes: (a) 3e1 Ry = 0.21; (b) 3¢z R, = 0.27.

ppm

ration (absence of double signals at 6 (ppm) 5.7, 3.7 and 1.5 for the protons H., Hs
and H. in the spectra of the separated pure diastereoisomers 3ci and 3c;; see Table
I, Figures la, 1b and Figure 2a).

In all cases common 1,2-adducts of 1 and 2, i.e. 1-chloro-2-methylthio-2-alkene-
phosphonic esters 4a-d as E,Z-mixtures were isolated in 8-15% total yields along
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FIGURE 2 (a) 'H NMR spectrum of the reaction mixture obtained from Ic and 2. (b) '"H NMR spec-
trum of (E, Z)—dc, isolated after chromatographic separation of the reaction mixtures of 1a and 2.

with the main reaction E:roducts 3. The structure and configuration of the adducts
were confirmed by their 'H NMR and IR spectra (see data in Table 3 and Figure 2b).
They were found to be similar to those of analogous compounds, obtained by other
authors.” We determined also the E: Z ratio in the cases of 4c and 4d with the pur-
pose to clarify its dependence on the size of substituent R (see Table 3).
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TABLE 11
CH’O\(I)I (a) SCHs(b)
Yields. TLC and spectral data of 4a-d, P—ClH—C———C—R (d).
CHO () ¢ CH; (0)

(k)
obtained by column chromatography of
distilled reaction mixtures of 1 and 2 at the reaction temperature —15°C

Chemical shifts (ppm) J (Hz)
Yield®
4 R % R# Config? H, H, H, Hy H: PH., PH, PH.

4a CH; 15 0.35 — 506d 2.21s 1.99d 2.15d 3.79d 154 109 24

E 5.03d 2225 2.10d 1.04 3.74d 150 100 3.6
(CH3)
4 CHs 12 0.38 1.20q
(CH»)
z 499d 2255 1.92d 1.04t 3.80d 156 100 26
(CH3)
1.20q
(CHy)

E 5.05d 224s 2.10d 0.95t 3.67d 15.1 9.3 3.0
(CH3)
4c n-C;H, 13 0.37 1.45m
(CH,CH;)
Z 500d 2.26s 1.94d 095t 384d 157 92 22
(CH3)
1.45m
(CH,;CH,)

E 5.17d  2.21s  1.99d 1.02d 3.76s 16.0 96 3.6
(CH3)
44 i-C:H, 8 0.45 3.00m
(CH)
z 5.07d 225 1.76d 1.02d 383 160 94 20
(CH3)
3.00m
(CH)

4a-d IR (CCls): 1260-1261 (vp=0): 1600-1602 (vc—c).

“Yields and Ry values of the mixtures of isomers E-4 and Z-4.
>The ratio E-dc:Z—dc is 1.7:1; E-4d: Z-4d is 5.0: ] {(from NMR data).

Only in the case of the reaction mixture containing 3a an additional by-product—
3-methyl-2-thiomethyl-1,3-butadienephosphonic ester 5a [ NMR (CClL) &ppm
2.25(3H, s, SCH3), 5.71(1H, d, C'H, Jup 15.0 Hz), 5.17 1H, 5.0 1H, 2.01 3H for

H,
H., Hg and CHj, typical® for —?=C< )— was also isolated in 4% yield (proba-
CH; Hg

bly formed as shown in Scheme 2).

The ratio of the diastereoisomers 3b, :3b2, 3¢:: 3¢, and 3d;:3d:, determined on
the basis of the 'H NMR spectra of the corresponding reaction mixtures, obtained
at —15°C, was found to be in the range 4:1 to 7.7: 1.
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In the cases of 3¢ and 3d the diastereoisomeric ratio determined both directly by
column chromatographic separation or by '"H NMR spectra of the reaction mix-
tures shows values close to each other (Table 1I).

In order to elucidate the influence of the reaction temperature on the stereoselec-
tivity of the 1,2-oxaphosphol-3-ene annulation the reaction of 1b and Ic with 2 at
different temperatures in the range —45°C to +15°C were carried out. The diastereo-
meric ratios data from these experiments are given in Table II.

DISCUSSION

The results obtained show that the reaction of 3-methyl-3-alkyl-substituted allene-
phosphonates 1 with 2 leads to the formation mainly of diastereoisomeric mixtures

0
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Scheme 2
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TABLE Il

Ratio of the diastereomeric oxaphospholenes 3b—d in the crude reaction mixture (as determined by their
'H NMR spectra)

Crude Reaction Diastereomer ratio
product temperature °C (3b;—d,; : 3by-d2)
3b 15 3.3:1
3b 0 3.8:1
3b —15 4.0:1
3b —45 6.0:1
3c 15 24:1
3c 0 35:1
3c -15 7.7:1(6.0:1)°
3d —15 40:1(33:1)°

“Ratio of the isomers obtained by column chromatography of the distilled reaction mixtures. In these
cases a small fraction of diastereomeric mixture was isolated.

of five-membered annulenes 3 and in low extent—of common 1,2-adducts 4. The
data for the 3:4 ratio also indicate, that by augmentation of the size of the alkyl
substituent R at the allenic C* of 1 (see the scheme below) the orientation of the
reaction of 1 and 2 is shifted partially to the 1,2-addition pathway. Analogous de-
pendence, but in greater extent, is observed for the E: Z ratio of the adducts 4 in the
favor of E-isomers. Thus, when n-propyl group at the same allenic C* is replaced by
isopropyl group the ratio 3:4 increases 1.8 times, while the increase of the E:Z
ratio for the corresponding adducts 4 rises 3 times (compare Table I and III).

The above results are consistent with the following possible mechanism of the

reaction of 1 and 2:
It is well known that the first step of the reaction of allenes with sulfenyl chlorides
is the formation of episulfonium ion.>® Its stabilization depends on the ability of
sulfur to localize positive charge rather than on the electronic effects of the substi-
tuents at the episulfonium ringf'7 Therefore in our case four episulfonium ions A,,
A, (attack at the allenic C'~C”) and By, B, (attack C*-C*) might be formed in prin-
ciple. The last attack is evidently favored by a stronger stabilizing electronic effects
of the substituents CH; and R in B: and B, compared with A; and Az. For this rea-
son 1,2-addition reaction of 1 and 2 proceeds in low extent. This idea is confirmed
by further experiments involving compounds with reduced member of alkyl substit-
uents at the same allenic C* of 1° where 1,2-addition is the main direction of the
reaction. On the other hand by increase of the bulk of R the equilibrium A; = Aj is
obviously shifted towards the ion A, leading in this way to an increase of E: Z ratio
of the 1,2-adducts 4.

The presence of two alkyl groups at the episulfonium ring of the ions By and B is
evidently a reason for the existence of equilibrium between these ions and the cor-
responding tertiary carbenium ions C, and C,. The intramolecular P=0 attack on
the positively charged tertiary C atom in C; {or on the same atom in By) is sterically
extremely unfavored, and therefore the 1,2-oxaphosphol-3-ene annulation proceeds
exclusively via ion By and C; under elimination of CH3Cl in an Arbuzov second-
step process. Increasing the reaction temperature the equilibrium By = C, is evi-
dently shifted towards the ion C; thus lowering the stereoselectivity of the 1,2-oxa-
phosphol-3-ene annulation pathway of the reaction of 1 and 2. The stronger the
stabilizing effect of R in Cy, resp. B), the greater extent of annulation is observed as
compared with the 1,2-addition pathway of the reaction (increase of the yields of 3
and decrease those of 4, see Tables 1 and 3). Another possibility for stabilization of
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the carbenium ion C; is a proton elimination leading in the case R==CH; to the
formation of the 1,3-alkadienephosphonic ester 5a.

EXPERIMENTAL

The qualitative TLC investigations were carried out on silicagel “Merck™ 60 Fiss pre-coated aluminium
sheets, using ethylacetate-heptane 2:1 as a mobile phase, threefold development.

The column chromatographic separation was performed on silicagel “Merck” 60 0.060-0.200 mm.

The 'H NMR spectra were measured on a JEOL JNM-PS-100 spectrometer at 100 MHz, in some cases
on spectrometer TESLA BS 487C at 80 MHz at normal probe temperature in CDCI; or CCly, or mixture
of them. The chemical shifts are relative to internal TMS or (in a few cases) HMDSO (Me;Si),0.

The starting dimethyl esters of 3-methyl-1.2-alkadienephosphonic acids la-d were obtained by the
procedure described in the literature.’

Experiments on the Orientation of the Reaction of 1a-d with 2 and Temperature Dependence of the Stereo-
selectivity of the 1,2-Oxaphosphol-3-ene Annulation. General procedure: The reaction of 3-methyl-1.2-alka-
dienephosphonic dimethy! esters 1a-d was carried out by the procedure described earlier,' but at temper-
atures —45°, —15°, 0° and +15°C as shown in Table I. Samples of the obtained crude reaction mixtures
were used for 'H NMR determination of the diastereoisomeric ratio 3b, 3¢ and 3d. The reaction mixtures
were then distilled and after removal of the solvent and low-boiling impurities (as CH;Cl formed and un-
reacted starting CH3SCl) all volatile products were collected in vaccuo in a large temperature interval.
The mixtures of reaction products were then separated by column chromatography.

Column Chromatographic Separation of the Reaction Mixtures. General procedure: 0.50-0.70 g of the reac-
tion mixture, absorbed on silicagel were inserted into a column (height 100 ¢cm, diameter 3 cm) contain-
ing 75-100 g silicagel in heptane. Then heptane/ethylacetate mixtures with increased polarity were used
as an eluent, the last portion being a pure ethylacetate. Fractions of each 80 mi were collected at a rate
420 drops/min. Fractions nos. 20-30 contained 1,2-adducts 4a-d (4b, ¢, d as E and Z isomers). The 1,2-
oxaphospholene 3a was collected in fractions nos. 40-65. In the case of 3b, 3¢ and 3d the higher Rs-value
diastereoisomers 3b;, 3¢; and 3d: were isolated from the fractions nos. 40-485, the diastereoisomers with
lower Ry values—from the fractions nos. 60-65. The 3-methyl-2-thiomethyl-1,3-butadienephosphonic
ester 5a was isolated from fractions nos. 35-40.
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