CHAPTER II

RADICAL ADDITION OF PHOSPHONATES TO OLEFINSS
CHARACTERISATIAN AND SOME REACTIONS OF THE ADDUCTS
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ABSTRACT

The role of dialkyl alkylohosphonates and thio-
phosphonates in olefin synthesis has been briefly
discussed. Additions of diethyl phosphonate, HP(O)(OEt)2
and thiophosphonate, HP(S)(DEt)2 to selected olefins under
free radical conditions have been investigated. Spectral
data useful for the characterisation of the adducts are
described. Some reactions, particularly aimed at C-P bond
cleavage have been investigated and are recorded in this

Chapter,



RADICAL ADDITION OF PHOSPHONATES TO
OLEFINS, CHARACTERISATION AND SOME
REACTIDNS OF THE ADDUCTS

INTRODUCTTION

Wittig reaction, first repcxrteci‘i in 1953, has become
an important synthetic method for making oleFin32 from
carbonyl compounds and alkylidene triphenylphosphoranes (Eg.1).
However, phosphoranes carrying electronegative groups (e.q.
R, or R2 = CN, CO

1 2
unreactive in olefin synthesis. The situation wWwas sought

Me etc.) are too stabilised and hence

to be rectified by modifications introduced by Horner and
co-uorkers3 and Wadsworth and E‘mmons.4 They described an
olefin synthesis in which dialkyl alkylphosphonate is employed
in the place of alkylidene triphenylphosphorane (Eq. 2). This
phosphonate olefinrsynthesis is superior to classical Wittig
reaction ¥pextdnor in that the phosphoryl stabilised carbanions
are much more reactive nucleophiles than the corresponding
alkylidene phosphoranes and separation of the required olefin
from the water-soluble phosphonate ion is much easier than
from phosphine oxide. However, the scope of this reaction is
still restricted by the fact that only those phosphonates

in which the carbanion can be stabilised by another electron-
withdrawing group (liké CO, CN etc.) in addition to P=0 can

be successfully employed. This drawback was overcome by two
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variations introduced by Corey in the phosphonate olefin

synthesiss

(a) Dialkyl alkylphosphonates like R1EHZP(O)(UMB)2 form
carbonions with n-Buli and add to carbonyl compounds,

but the resulting p~hydroxyphosphonates, R C(DH)CH(R1)—

2R3
p(D)(DMe)z, however, failed to decompose to olefins. This
was circumvented by base-catalysed addition of alkylthio-
phosphonates to carbonyl compounds, when the resulting

[9~hydroxythiophosnhcnates readily decomposed to give

olefinss (Eq. 3).

(b} Phosphonamides can be conveniently used for olefin

synthesis6 (Fg. 4).

Methods of preparation af the phosphonatess Dialkyl alkyl-

phosphonates have generally been prepared by Michaelis or

78 The former involves treatment of alkali

Arbuzov reaction,
metal derivatives of dialkyl phosphites with alkyl halides
(Eq. 5), whereas the Arbuzov reaction involves reaction of

trialkyl phosphites with alkyl halides (Eg. 6).

The following methods are generally used to prepare

dialkyl alkylthiophosphonates.

(a) Reactiogﬁf alkyl phosphonothioic dichloride, R’P(S)Cl2

with sodium alkoxide or with an appropriate alcohol and base.9‘10

L
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Eq.5

Eq.7



(b) Treatment of 0,0'-dialkyl sodium phosphothioite,

(RD)ZPJSNa+ with an alkyl halide.11

(¢} Addition of sulphur to the corresponding dialkyl

alkylohosohonatas.g’10

Alkyl phosphonic diamides are conveniently prepared
(a) by reaction of lithio derivative of (RZN)Z?(O)H with
appropriate alkyl halides12 or {(b) by reaction of alkyl-
phosphonyl dichlorides R1P(D)Clz with the appropriate dialkyl-

amine,

Radical addition of diethyl phosphonate {PER) and
diethyl thiophosphonate (DETP) to olefins: Diethyl phosphonate,

HP’(D)(DEt)z and diethyl thiophosphonate, HP(S)(nEt)Z add to
olefins under free radical conditions in anti-Markonikou

. 1 L. . , .
fashion, 4 The chain-carrying process is shown in Eq. 7.

It appears that this reaction is not recognised as a
pnotential method of making intermediate thiophosphonates for
olefin synthesis., Lewis and co-uorkers15 studied the isotope~-
effect in the H-atom transfer in the addition of dimethyl
thiophosphonate to alefins. Kumamoto and co»uorkers16 studied
the photochemical addition of DETP to certain unsaturated
sugars. A few patents were field on similar additions to

2-(perfluoroalkyl) -alkenes and vinyl and vinylidene fluorides.

17
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In the field of teroenses there is but one report by
Kenny and FiSher,18 who studied the addition of DEP to a
few monoterpenes, but such adducts have little use for

~

olefin synthesis,

PRESENT WORK

It was envisaged that adducts from radical addition
of DETP, N,N,N',N'-tetraethylphosphonic diamide, Hb(a)(waz)z
and thiophosphonic diamide, HD(S)(NEtZ)Z could be useful
intermediates in olefin synthesis. Further, the carbanions
derived from dialkyl alkylphosphonates (which can be easily
prepared by radical addition of DEP to olefins) should be
orone to easy alkylation or addition to carbonyl compaunds.l
It was thought that such adducts would be potentially useful
in C~C bond formation provided the C-P bond can be cleaved.

Chemical behaviour of all these adducts, specially with respect

to C-P bond cleavage was planned to be studied.

The radical additions can be carried out with UY-irradia-
tion or using one of the three common chemical initiators,
namely, azobis {isobutyronitrile), benzoyl peroxide or

di-t-butyl peroxide.19

[
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Additions of diethyl phosphonate: Initially, cyclohexene (1}

was used as the model compound to standardise the reaction
conditions. Addition of DEP to cyclohexene (1) initiated
by di-~t-butyl peroxide at 140° gave diethyl cyclohexylphospho-

nate (2) in 75% yield (E£g. 8) (IR: P=0 1250 cm—1; P-0-C

1035 cm-1. PMR ¢ DCHZCES’S, BHy ty 1.3 ppm, J = 7Hz;

UCHQCHE’S, 2H, quartets at 3.97, 4.06 ppm, J = 7 Hz).
Similar reaction with ﬁ—pinene (6) gave diethyl 1-p-menthenyl-
7~phosphonate18 (z; 7043 Eg. 10). Also, addition of DEP to

p-3-menthene (11) and longifolene (22) gave diethyl p-3-

menthanylphosphonate (123 75%; IR: P=0 1250 cm '3 P=0-C

1035 em™ 1. PHR: OCH,CH, 's, EH, t, 1.3 ppm, I = 7Hz;

OCH,CH;'s, 4H, m, 3.B4-4.,26 ppm) (Eg. 12) and diethyl 14~

longifolanylphosphonate (gg; 75%3 IRs P=0 1250 cm-1; P-0~-C 1030 cm—1.

PMRs ﬂCHZCﬁ ‘s, BH, t, 1.32 ppmy, J = T7Hz} AcH,,CH ‘s, 2H,

3 3
quartets at 4.06, 4.14 ppm, J = 7 Hz) (Eg. 16) respectively.

Additions of diethyl thiophosphonate: Addition of DETP to

cyclohexene (1) initiated by di-t-butyl peroxide at 140° gave
poor yield (40%) of diethyl cyclohexylthiophosphonate (3),
due to thermal decomposition with deposition of sulfur. However,
with benzoyl peroxide as initiator at 85-900, the reaction
went Smoothly‘and 75% yield of 3 could be realised (Eq. 8)

1 1

(IR: P-0-C 1030 cm '3 P=S 780 cm . PMR: NCH,CH,

's, 4H, bm, 3.88-4.38 ppm)., Hence,

s, 6H, t,
1429 ppm, J = 7 Hz} DCﬂQCH3
subsequent additions of DETP were carried out under these

conditionss
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Addition of DETP to camphene (4) gave a single isomer
in 72% yield. Davis and co-workers 2D investigated the
radical agddition of benzenethiol to norbornene and camphene
and concluded that, in these systems, endo-chain transfer is
not favouTred due to the eclinmsing by bridge~head hydrogen.
Consequently, the present adduct is formulated as diethyl
10~-endo-isocamohany lthiophosphonate (5) (Eg. 9) (IR: P-0-C
1035 em~ '3 P=3 790 om™'. PMR: NCH,CH, s, 6, t, 1.29 ppm,

3 = 7 Hzj P-CH, 1H, bs, 2.34 bpm, U, =9Hz; OCH,CH 's, 4H, bm,

h 2

3.85-4.4 pom).

Addition of DETP to [3-ninene (6) gave a single product
in 71% yield. The appearance of a broad olefinic proton
peak at 5.54 ppm in the PMR spectrum indicated that the
addition was accompanied by opening of the cyclobutane ring,
as 1s the case with other free radical additions to p—pinene.21
The adduct is Formulated as dietnhyl 1—gfmenthenyl—7-thiophosphonate
(85 Eq. 10) (IR: P-0-C 1040 em™'; P=§ 790 cm™'. PMR: OCH,CHy's,
6Hy t, 1.28 ppm, J = 7Hz; ﬁ~CﬂQ, 24, d, 2.62 ppm, J= 20 Hzs

OCH, CHS'S, 4H, bm, 3+82-4,34 opm).

2

Reaction of ¢{-pinene (9) with DETP gave a single product
in slightly less yield {60%). 0Once again, a broad olefinic
peak at 5.52 ppm in the PMR spectrum indicates the rupture of
the gyclobutane ring. 0On ;teric grounds, the thiophosphonate

radical should attack ¢{-pinene at C~2 trans to C-6.
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Consequently, the adduct is assigned the structure 10

'3 P=s 795 em™'. PMR: OCH,CH,'s,

6Hy, ty, 1.3 ppm, I = 7Hz; C=C~Cﬁ§, 3H, s, 1.81 ppm; DCEQCH3'S’

(Fq. 11) (IR: P-0~C 1035 cm
4H, bm, 3.80-4.32 ppm).

Reaction of DETP with p-3-menthene (11) gave a mixture

of four isomeric adducts (TLC3; R, 0.59, 0.605, 0.62 and 0.64)

f.‘
in 75% yield (fg. 12). The major isomer (RF 0.64) was
isolated in pure state by chromatography on SiDz-gel. In

the radical additions to substituted cyclohexenes, ths products

. .. 22 .
are predominantly. cis, because the chain-transfer occurs

e

from the side opposite to that of the phosphonate group, i.e.,
the addition takes place in a trans sense. Presently,
assuming that the attack of thiophosohonate radical on the
double bond predominantly takes place trans to 81-methyl, the
adduct was assigned the structure 13a (Chart 4) (IR: P-0-C

1

1030 em™'; P=S 790 cm~'. PMR: NCH CH.'s, BH, t, 1.3 ppm,

223
3 = 7Hz; OCH,CHy's, 4H, bm, 3.88-4.40 ppm).

2
Addition of DETP to 3-carene (14) gave a mixture of
isomers, from which the predominant (v90%) one was isolated
in pure state by chromatography on Siﬂz-gel in 69% yield,
Since the thiophosphonate radical should attack the double
bond trans to the cyclopropane ring, the adduct is formulated

1 1

as 15 (Eq. 13) (IR: P-0-C 1035 cm ;3 P=S 785 cm . PMR:
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GCH28§3'S, 6Hy, t, 1.3 ppmy, J = 7Hz; DCﬂZCH 's, 4H, bm,

3
3.85-4.38 ppm).

Reaction of DETP with limonene (16) was carried out
).
by reverse addition, namely, by adding;the latter &8 a

mixture of DETP and Bz at 85-980. The product was a

202
mixture of diethyl 1-p-menthenyl-9-thiophosphonate (17)

(PMR: C=CH, bs, 5.34 ppm, U%=QH2) and digthyl 8-p-menthenyl-
2-thiophosphonate (18) (PMR: C=CH,, bs, 4.76 ppm) in the ratio
67:33 {(Eq. 14). FEven ten fold increase in the concentration
of limonene did not appreciably alter this ratio., The

major product 17 was isolated in 40% yield by chromatography

over AgNO,-5i0, gel (IR: P-0-C 1030 em™ s P=5 790 cm” .

,CHg'sy 64, t, 1.3 ppm, J=7Hz; OCH,CH,

3082-4030 Dﬂm) L]

PMR: OCH ‘s, 44, bm,

Addition of DETP to isoterpinoclene (12) gave a mixture

of adducts (20) and {21) (IR: P-0-C 1035 cm™'; P=3 785 cm !,

PMR: OCH,CH,'s, bm, 3.80-4.35 ppm) (Eq. 15). No 1,4-addition

2
product Was formed, as evident from the absence of olefinic

oroton in the PMR spectrum of the product,

Addition of DETP to longifclene (22) gave the expected

adduct (24) in 764 yield (Eq. 16) (IR: P-0-C 1030 cm @ ; P=§

790 cm_1. PMR s DCHzcﬂg’s, fHy, ty, 1.31 ppm, J = THz; UCﬂQCHS'S,

4H, bm, 3.86-4.48 ppm). Radical additions to longifolene are

knowun to take place via 1,5~transannular hydrogen shif‘t.z3

132
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There Was no aporeciable reaction between isolongi-
folene (25) and DETP (or diethyl phosphonate) due to the
hindered nature of the double bond., Also, there was no
reaction between DETP and 3,3-dimethylspiro [bicyclo(Z.Z.?)-

heptane—2,1'—cyclopropaﬁe:](gé) {(Chart 5).

Attempted addition of phosphonic diamidess Additions of

N,N,N',N'—tetraethy{:pnosphonic diamids, HP(D)(NEt,), and
thiophosphonic diamide, H@(S)(NE%Z)Z were attempted using
cyclohexene as the substrate. The initiation was done by
using azobis (isobutyronitrile) at 50° or by UV-irradiation
at room temperature (NSDD). In either case, no adduct
formation was noticed., The diamides are unstable at or above

60°,

Spectral characteristics of the adducts:

UV:s Russian workerszé

effects in phasphor£ compounds, ’ Little data is available

have used UV to study the conjugative

about the UV absorptions of thiophosphonates. Presently,
diethyl 14~longifolanylphosphonate (23) absorbs at 220 and
235 nm. All the thiophosphonates absorb in the region 211~
235 nm with € may Varying between 1127-3294 (Table 1). These
absorptions are presumably due to ?14ﬁ*'transiticns of

P=y linkage.

IR: Alkyl phosphonates are reported to absorb in the IR

w———

- 1 -
region at 1240-50 cm ! (P=0) 8 and 1025-40 cm 1(P-B-D).ZS

2
£~
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TABLE I ¢ Spectral data of the adducts
Uy IR Mass
Entry AddUCt )max(emax) »max m/e (%)
nm -1
cm
1 2 - 1250,1065, -
1035, 965
2 3 211(1127) 1060, 1030, 236(36Y,155(15),
950, 780 154(55),%21(100),93(25),
83{(7), 81(7), 65(13).
3 5 2352133& 1390,1370, 290{63, 247(11),
222(1189 1060,1035, 168(7), 154(38),
960, 790 137(25, 121{100),
97(21),93(25), 61(16) .
4 7 - 1385,13 60,
1245,1045 -
1025, 950
5 8 217(2546) 1395,1370, 290(87),247(31,
1060,1040, 168(17 155(153,
960,790 154(19),136(89),121(92),
93(100),81{48),65(21).
6 10 219(3033) 1390,1370, 290(44),247(3),245(3),
1060, 1035, 155(22),154(7),137(286),
960, 795 136(100),121(41),93(80),
92(35),81(24), 65(17).
7 12 - 1390,1370, _
1250,1055,
1035, 950
8 13a 21 6(1965) 1395,1370, 292(38),249(8),155(49),
1060, 1030, 154(53),138(18),
960,790 121(100),97(19),95(22),

95(18),81(17), 65(18) .

.o econtd,



TABLE I ..contd.

Entry Adduct yv IR Mass

g 15 218(2376) 1390, 10 60, 292(17),290(23),

1035, 960,785 247(7),155(31,154(43),
136(44),121(100),
93(50),81(18), 65(24).

10 17 - 1640,1060,
1030, 955, 790 -

1 23 216(1480) 1390, 1380, 342(100),327(12),
o 223 (1480) 1250,1055, 314(15),299(11),
1030, 960 286§1D;,217§1D),259§14),
231(13),204(29),152( 64),

138(27),109(18),81(24).

12 24 23553294) 1390,1375, 358%71),205539),204239),
220(3204) 1060,1030, 154(39),121(100),93(26),
955, 790 81(19), 65(10).




Alkylthiophosphonates are known to absorb at 770-835 c:m”(t

(P=S)26. Presently, all the compounds show these characteristic
absorptions (Table 1). In additien, from the IR data of
phosphonates and thiophosphonates presented in Table 1, it
appears that absorptions at 1045-60 and 950-65 cm ' also

characterise thegse adducts,

Mass: The mass spectral fragmentation of diethyl 14-longi-
folanylphosphonate (23) follows the known2’ pattern. In the
case of thiophosphonates, all the compounds shou prominent
peaks at m/e 154, 121, 93 and 65 {Table 1). Thus, an important
mode of fragmentation characteristic of these cOmpounds appears

to be as shown in Eg. 17.

Some reactions of the adducts

As mentioned earlier, adducts from radical addition of
diethyl thiophosphonate could he useful in olefin synthesis.
Also, since the carbanions derived from diglkyl alkylphosphonates
are knoun5 to react with electrophilic reagents, these adducts
could be potentially useful for C-C bond formation, provided
C-P bond can be sasily cleaved. So, it was planned to
investigate some reactions of both classes of adducts with

particular emphasis on C-P bond cleavage.

Phogphonatess Known methods of C-P bond cleavage of phosphonates

are (a) Horner-Emmons reaction with carbonyl compounds,
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(b) base-catalysed reaction with oxygen to give ketonas,zs

(c) reductive cleavage of C~P bond in p~ketophosphonates with

Zn or Al-—Hg28 and {d) reductive cleavage of C-P bond in

allylic phosgphonates with LAH.29

We attempted oxidative cleavage of C-P bond with
diethyl cyclohexylphosphaonate (2) as substrate using a variety
of mild and strong oxidising agents {like @y/CrD3, Jones'
reagent etc.), but it did not cleave. Next, C-P bond cleavage
was attempted in the allylic phosphonate 7 using 8r2 in Cﬁla.
But the product was diethyl 6-bromo-1-p-menthenyl-7-phosphonate

1 1

(27) (IR: P=0 1250 em ; P-0-C 1025 cm '. PMR: P-CH,,

2.75 ppm, J,=20Hz, J,=4Hz; CHBT, 1H, bs, 3.95 ppm). Formation

2H, dd,

of this bromide can be explained as resulting from"Steric

Diuersicn".30

Hutchinson31 reports that allylic phosphonates undergo
hydrolysis in aqueous acids to give an olefin (Eg. 18).
However, in our hands, the allylic phosphonate 7 did not

undergo such hydrolysis,

Finally, reduction of the allylic phosphonate 7 with
LAH in ether gave p-1(7)-menthene {28) (PMR: C=CH,» 1H,
singlets at 4.52, 4.82ppm). Also, similar reductive cleavage
of saturated phosphonates 2, 12 and 23 gave cyclohexane,

p-menthane (29) and longifolane (30) (Chart 6) respectively,

I
(W)



29

This reduction coupled with prior alkylation of the

phosphonate can~be of use in C-C bond formation.

Thiophosphonates: The reactions of thiophosphonates were

investigated using the adduct 3. Like phosphonates, 3 resisted
C~P bond cleavage with oxidising agents. Also, there was no
reaction with LAH., This may be due to the low polarity of

P=5 bond compared to P£=0,

In conclusion, the phosphonate adducts could be useful
in C~C bond formation, whereas the thiophosphonates are useful

for olefin synthesise.



EXPERIMENTAL

For general remarks, see Chapter I, Section I.

Diethyl phosphonate:

Diethyl phosphonate was prepared according to the

KknownS 2 method; bep. 85-900/20 mm (lit.32 b.p. 87°/20 mm).

TR (1liq. film): P=H 2420 cm '3 P=0 1260 cm '3 P-0-C 1050 cm™ .
PMR (£Cl,): OCH,CH;'s, €4, t, 1.38 ppm, J = 7Hz; NCH,CH.'s,
4Hy my 3.9-4.3 ppm; P-H, 1H, dy 2,36, 10.55 ppm, 3 = 682 Hz,

Diethyl thiophosphonates

Diethyl thiophosphonate was prepared followuing the

33

knoun > procedure; b.o. 85-8%/16 mm (1it.°> b.p. 75-6°/14 mm).

Uy (EtOH): )max 218 nm, €__ 1623,

IR (lig. film)s P-H 2400 cm'1; P-0-C 1030 cm™ '3 P=5 770 em V.
PMR (ccl,): OCH,CH,'s, 6H, t, 1.35 ppm, J = 7 Hzj; OCH,
4H, m, 3.96"4t33 me; p"!j-, 1H, d’ lLOGS, 11030 me,

CHS'S,

J = 653 Hze.

NyNgN' ,N'"-Tetraethylphosphonic diamides

Water (1.8 gy 0.1 mole) in THF (10 ml) vas added dropuwise

to a refluxing solution of hexaethylphosphorous triamide,

14
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P(NEt2)§4 (24.7 g, 0.1 mole) in THF (30 ml). Refluxing was
continued for 15 min. Solvent was removed under reduced
pressure and the residue distilled to give the desired

35

compound (12.5 g, 65%)3 b.p. 80°/0.2 mm (1it.”> b.p. 59-60°/

0.03 mm).

Uy {EtOH): fAmax 211 nm, Qmax 208,

IR (lig. Film): P=H 2320 cm '3 P=0 1200 em™ .

PMR (CDC13): CH,CHz's, 12H, t, 1.12 ppm, 3 = 7Hzj CH,CH.'s,

213 2
BH, m, 2.88-3,25 ppm; P-H, 1H, d, 3.6, 9.92 opm, J =

570Hz.

N, N N, N'-Tatrasthylthiophasphonic diamides

H,S (dried over P 05) was passed slowly into a solution

2
of hexaethylphosphorous triamide (24.7 g, 0.1 mole) in dry
benzene (150 ml) with stirring at room temperature GVSDD),
till a yellow polymer starts appearing on the walls of the

flask (35-40 min). Flow of H,S was stopped at this stage.

2
Removal of solvent at reduced pressure followed by distillation
gave HP(S) (NEt2)2 as a pale yellow liquid (10.4 g, 50%4);

b.p. 85-90°/0.2 mm.

R(1iq. Film): P=H 2310 cm '3 P=S 790 em™,

PMR {CC1,}:CH,CH;"s, 12H, t, 1.14 ppm, J = 7Hz; CH,CH,'s,

BH, Me 24-84"‘3020 me; 'p":ri, 1H’ d, 3.5, qo? me,

J = 558 Hz.



General procedure for the addition of diethyl phosphonates

Diethyl phosphonate (0.5 mdle) was heated to 140°
and di-t-butyl peroxide (0.005 mole) was added dropuise
with stirring. Then the olefin (0.1 mole) was added dropuise
over a period of about 30 min. and the heating continued
for a total period of 3.5 h., The unreacted materials were
recovered by distillation under vacuum (15-20 mm). The
residue was taken up in ether (50 ml), washed with water

(15 ml), 5% NaHCO, ag (10 ml x 2), water (10 ml) and brine

3
(10 m1) and dried (NaZSDA). Removal of solvent followed by

vacuum distillation (0.1-0.5 mm) gave the adducts.

Diethyl cyeclohexylphosphonate (2): Colorless liquid, b.p.
36

110°/1.5 mm (1it.>° 87°/0.8 mm).

PMR (CDC13): OCH,CH;'s, 6H, t, 1.3 ppm, J = 7 Hz; OCH,CH;'s,

273
2H, quartets at 3.97, 4.06 ppm, J = 7Hz.

Diethyl 1-p-menthenyl-7-phosphonate (7): Colorless liquid,
18

bop. 132-6"/0.2 mm (lit. ° 125-7°/0.1 mm).

PMR (331ﬁ): CHMe,, 64, d, 0.88 ppm, J = 6Hz; OCH,CH,'s,

2
6H, t’ 1.3 po, 3 = 7HZ; Q*‘Cﬁ [ ZH, d, 2042 me’ 3 = 22HZ;

GCﬁzCHz"S’ 4H, m, 309“4.24 me; C=Ci, 1H’ bs’ 5.58 ppm’

Mh= 12 Hz.

-

Fia

L% ]



Diethyl p-Z-menthanylphosphonate (lg): Colorless liquid, bepe

125-30%(bath) /0.4 mm.

PMR (cCl,): CH-Me's, 3H, doublets at 0.87, 0.91, 0.96 ppm,

J = 6 Hzs DCHZCﬂG's, EHy, t, 1.3 ppmy, J = 7 Hz} DCEQCHg'S’

4H, my 3.84-4.26 Dpm.

Diethyl 14-longifolanylphosphonate (23): Colorless liguid,

25
D

bep. 135-40°/0.1 mm3 nZ> 1.4882,

IR (liq. film) (Fig. 1): P=0 1250 cm '3 P-0-C 1030 cm™ .

PMR (c0013) (Fig. 2)e C-CH,

1.06 ppm; OCH,CH,'s, 64, t, 1.32 opm, 3 = 7 Hz; OBﬂQCHE's,

2H, quartets at 4.06, 4.74 ppm, J = 7 Hz.

y 3H, s, 0.76 ppm; Cﬁ?—Z’ BHy s,

Analysiss Found s C, 66,243 H, 9,768; P, 8,798,

: . C, 66.673 H, 10.23; P, 9.064%.
C19H35039 requires:

Genergl procedure for the addition of diethyl thiophosphonates

A mixture of diethyl thiophosphonate (0.5 mole) and benzoyl
peroxide (0.005 mole) was heated with stirring at 85-90°,

The olefin (0.1 molse) was added dropuise over g period of

30 min and the heating continued for 20-24 h. The unreacted
starting materials were recovered by vacuum distillation.

Ysual work up gave the adducts. Rscovered olefin was taken inte

account while reporting the yields.

S



Diethyl cyclohexylthiophosphonate {3): Colorless liquid,

25
Dx

ben. 120-5°/1.5 mm3 nZ> 1.4B876.

1

IR (lig. film) (Fig. 3): P-0-C 1030 cm '; P=5 780 e,

PMR (c0c13) (Fig. 4): OCH,CH, 's, 6, t, 1.29pm, J = 7Hz;
CH,'s

QC_H_ 4H, m’ 3!88“&.380}3”‘-

23 7
Analysis: Found s C, 50,623 Hy, B.99; P, 12.87.
010H21OZPS requiress C, 50.853; H, 8.898; P, 13.14%.

Diethyl 10-sndo-isocamphany lthiophosphonate (5): Pale yellow

25
D.

liquid, b.p. 135-40%(bath)/0.1 mm; nZ> 1.4991,

IR (lig. film) (Fige. 5): P-0-C 1035 cm™ '3 P=S 790 cm™ .

PMR (coc13) (Fig. 6): C-Me's, 3H, singlets at 0.8, 0.98 ppm;
GCH2355'59 64, t, 1.29 ppm, J = 7Hzj; P-CH, 1H, bs, 2.34

ppm, w%=9Hz; BCﬂQCH s, 44, bm, 3.85~-4.4 ppm.

3

Analysiss Found s C, 57.673 H, 9.0; P, 10.70,

C14H27DZPS requires: €, 57.93; H, 9.313; P, 10.6%.

Diethyl 1-p-menthenyl-7-thiophosphonate (8): Colorless liquid,

25
D

[w] ]
b.p. 125-30°/0.5 mm. n 1.49;5.E§{]D—5292 (chel,).

1 1

IR (lig. film) (Fige. 7): P-0-C 1040 cm '; P=S 790 cm .

PMR (ccla) (Fig. B8): CHMe,, 61, dy 0.9 ppmy, 3 = 7Hz;

OCHZCﬁE'S, g4, t, 1.28 ppmy 3 = 7 Hz; P~C§Q

s 2H,d, 2,62 ppm,

5.54 pom, W

h = 12 Hz.



fnalysis: Found ¢ ¢, 57.563 H, 9.0023 P,10.34,

Cq4H70,PS requires: €, 57.935 H, 9.31; P,10.6%.

Diethyl 1-p-menthenyl-6-thiophosphonate {(10): Colorless

25 . o
5 1.&965,@%30 + 12 (CHCl3).

liquid, b.p. 115-20°/0.4 mm; n

1 1

IR (lig. film) (Fig. 9): P-0-C 1035 cm 3 P=S5 795 cm ',

PR (cpcl,) (Fig. 10): CHMe's, 3H, doublets at 0.9, 0,92
ppmy, 3 = 7 Hz: nCHZCES’s, E4, t, 1.3 ppm, 1 = 7 Hz}
C=C“C&3, 3H, Sy 1.81 me; DC'H'ZCH:’)'S’ llH, bm, 308"'4032

ppms C = CH, 1H, bs, 5.52 ppm, u% = 10 Hz.

Analysiss Found s L, 57.673 H, 8.962; P, 10.26.

Ci4H570,PS requires ¢ €, 57.93; H, 9.31; P,10. 69,

Diethyl 3-p-menthanylthiophosphonate (13a): Colorless liguid,

o 75 ) o
b.p. 130-5 (bath)/0.1 mm; ng 1.4932,E$]D + 16 (cHEl,).

TR (lig. Film) (Fig. 11): P-0-C 1030 cm™ '3 P=S 790 cm ™ .

PMR (CDc13) (Fig. 12): CHCHg» 3H, d, 0.84 ppmy J = 7 Hzj
CH(CHZ) s 6H, dy 1.0 ppm, J = 7 Hz; OCH,CH.'s, 6, t,

1.3 ppmy 3 = 7 Hzs BCﬂQCH3'5’ 4H, bm, 3.8B-4.,40 ppm.

Analysiss Found

s

C, 57.17; H, 9.60; p’ 10036‘

C1&H2902PS requires ¢ C, 57.533 H, 9.932; P, 10.62%.

Diethyl 4-caranylthiophosphonate (15): Pale yellow liquid,

fa} 25 s]
b.p. 125-30°/0.3 mm; n5> 1.49453f0¢] -73.7° (cHCL,).

1

Lg



IR (lig. film) (Fig. 13): P-0-C 1035 om™ '3 P=5 785 cm™ .

PMR (00513) (Fig. 14): CHCH,, 3H, d, 0.85 ppm, 3 = 6 Hz}

Che 3H, singlets at 0.95, 1.01 ppms DCHZCﬂB'S, EBH, t,

2’
1.3 ppm, 3 = 7 Hz; DC&QCH3’S, 44, bm, 3.85-4,38 ppm.

fnalysis: Found : C, 57.493 H, 8.955; P, 10.81.

C,4H,70,P3 requires: C, 57.9335 H, 9.31; P, 10.6%.

Diethyl 1-p-menthenyl-9-thiophosohonate (17): Pale yellow liquid,

b.p. 140-5%(bath) /0.1 mm3 n>> 1.5067.

3]

1 1

IR (lig. film) (Fig. 15): P-0-C 1030 em '3 P=S 790 cm .

PMR (Ccla) (Fige. 16): CHCHgs 3H, dy 1.02 ppm, J = 7 Hz;

DCHZCﬂS'S’ 6Hy, ty 1.3 ppmy, 3 = 7 Hz} C=C~Cﬂ5, 3H, s,

1.62 ppm; DCEZCHg’S, 4H, bm, 3.82-4.30 ppm; C=CH, 1H, bs,

5,34 opm, Mh = 9 Hz.

Analysiss Found ¢ C, 58,013 H, 9.523 £, 10.35,

C1&H27OQPS requiress C, 57.93; H, 9.313 P, 10.6%%.

Diethyl 14-longifolanylthiophosphonate {24): Pale yellow

liquid, b.p. 150-5%(bath)/0.1 mms n§51.5188.

IR {(lig. film) (Fig. 17)¢ P-0-C 1030 cm“’; P=5 790 cm” .

PMR (CDClS) (Fig. 18): C-CHg, 3H, s, 0.77 ppm; CMe,, 6H, s,

2’

Cﬂg’s, 6Hy ty 1.31 ppm, J = 7 Hzj OCH_,CH

1.01 ppm; OCH »CHz

€
2 S

[“H’ bm, 3086"‘4.‘{‘8 ODMe

-~
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Analysis: Found : C, 63.903 H, 9.423 P, 8.279.

CigH350,PS requires: C, 63.69; H, 9.777; P, 8.66%.

Diethyl 6-bromo-1-p-menthenyl-7-phosphonate (gZ): A solution

of Br, {59 mg, 0.37 mmol) in CCl4 {2 ml) was added dropuise

to a chilled (5°) solution of the adduct 7 (0.1 g, 0.37 mmol) in
ccl, (2 ml). The bromine was instantaneously decolorised.
Removal of solvent followed by distillation gave 27 as a pale
yellow thick viscous liquid (0.103 g, 80%), b.p. 160-5°(bath)/

O¢1 mm.

1

T p-g-c 1025 em™ ",

IR (lig. film): P=0 1250 cm

PMR (cDC1.): CHMe's, 64, d, 0.93 ppm, J = 7 Hz; OCH,CH,'s,
6H, t, 1.37 me, 3 = 7 HZ; lp-EHz, ZH’ dd, 2075 ppm,

31 = 20 Hz, 32 = 4 Hzj; CHBr, 1H, bs, 3.95 opm; OCﬂQCHS's,

2H, quartets at 4.17, 4.24 ppm, J = 7 Hzj C=CH, 1H, bs,

5.28 ppm, Uk = 8 Hz.

LAH reduction of phosphonates:s The following procedure is

representative.

The mixture of diethyl 3-p-menthanylphosphonate (lg,
0.102 g, 0.37 mmol) in dry ether (10 ml) and LAH (25 mg) was
stirred at room temperature (®30°) for 4 h. The reaction mixture
was decomposed with saturated NH,Cl aq (10 ml) and filtered
through celite. The organic layer was separated and the aqueous
layer Was extracted with ether (10 ml). The combined ether
extracts Were washed with brine (10 ml) and dried (NaZSDa).
Removal of solvent followed by distillation gave p-menthane (29)
(45 mg, 85%), b.p. 95-100°%(bath)/40 mm.

PMR (Ccla): C-Me's, 94, doublets at 0.88, 0.93 ppm, J = 7 Hz.



149

(£Z) 31VNOHJSOHJTANVI03IONO1-71 .;I._.m_o 340 WNYL33dS ¥4I - | "9id

(,W2) d38WNNJAVM
009 008 000l 00zL 007l 009l 008! 000Z 00SZ 00O 00SE 0007
w _ ! S

sw\:\w I i i ] I ] wm
ZOM & Pt THr4 :

e N 0N~ 0z Z

_ SHEO7B R 0

E HJoy X

] e “

— 08 2

f\/)l\.l\ o

08 ™

X

[ 1 ! | ! ! i ! 1 ] i 001 ~—
gi7L ¢ 0Ol 6 8 VA 9 G 7 £ S

SNOHIINW



(£2)
FIVNOHJASOHJdTANVIOZIONGT-71 TAHL3IQ 40 WNY.133dS 8Wd- 7 914

0 | l £ 6 al
N T m —
A
M) Y

/./ |
2
3

mnn\ ! ! ,




(€) IIVNOHJSOHJOIHITAX3HOT3AD TAHL3I0 40 WNY123dS ¥I- € 91

(,W2) YIBNNNIAVM

Qcm 008 000l o00ci oo.\_ 0091 0081 000C 00SC 000E O0O0SE DQ@Q
e Trs 1 n I _ I T _
B © 0z
Y 5 %420 aO -07
| G207 !

H220” { 1og
08

} } ~ ! ] ! w/ I
St 7L ¢l 0L 6 VA 9 S 7 £ m.mow

SNOYJINW

(%) 3ONVILIWNSNVYL



152

(€) m&qzOI&mOI&O*IZ>waQJU>U TAH1310 40 WNY133dS ¥Nd - 7 9l
AEQ& Q

S /A 8 6 Ol
I , _ T

- (PHL=M)
}
— =

é‘.za




(]
|

(G) JLVNO
~HdSOHJOIHITANYHAWVYI0SI-0GN3-0L TAH13I0 40 WNY123dS ¥I-S 914

(|- W2) 3GWNNIAVM
003 008 000i 00ci 0071 009l 008L 000 00SZ 000E QOSE 0007
i I !

o T , . _ , T 0
_nk SHE20 | oz
oo siznn/ 1 H
| 108
N2t N
-108
I - I i ] ! I I 001
gtz ¢l OL 6 8 L 9 S 7 3 G¢

SNOYIINW

(%) FONVLLINSNVYL



Lt

a1
]

(G) 3IVNOHJS
-OHJOIHITANVHJWYJ0SI-00N3-0L TAHL310 40 WNY123dS ¥Wd- § 914

(wdd)g
S 9 /L 8 6 0l

mxwuov

SHZ207 & H

rezi

_—
—
Lorme
-
o]
froveces
==
—.
——

Qe




155

(8)
JIVNOHJSOHJOIHL-Z-TANIHINIW-9-1 AH13IQ 40 WNYLD3dS HI- £ "9l
(,W2) YIBWNNIAVM
009 008 000! 00ZI 007L 009! 008l 000Z 00SZ 000S 0OSE 000V
] I 1 } ] { i

m Q?) * 10
07

m 07

< 09
08

STV 0T 6 § £ 8 : : : 901 &

(%) JONVILIWSNVYL



156

i (8)
JIVYNOHASOHJOIHI-Z-TANIHININW-d-| TAH1310 40 WNY1I23dS diNd-8 Olid
(wdd) g

| Z £ Vi S g Vi 8 5 0l

0
W _ I _ ” u _ 1 ]

T
8¢
vey

(ZH0Z=r) 292
HM) 756

(¢HZI




ﬂl{i..
| I

(01)
3IVNOHJSOHJOIHL-9-TANIHINIW-d-1 AH1310 40 WNY1D3dS YI- 6 9ld

(,W2) YIGWNNIAYM
009 008 000l 007l 007L 009L 008l 000Z 00SZ 000€ O0O0SE 0007
T T ; :

!

“ o e~ ~ “ ~ 0

(o]

0¢
07
0S

~08

L1 001
gt7l ¢l Ol 6 8 L 9 S 7 £ 9'¢

SNOHJINW

-
-
=
-
et
—
e
sy
-

(%) JONVLILINSNYY]



158

(01)

JIVNOHdSOHJOIHL-S-TANIHININW-d-1 AH131Q 40 WNY1234S ¥Wd- 0l "9l
AEQS g

8 6 Ol




159

(DEL)
mRQZOIQmOI&QI»-m-|_>Z<I.._.zmz-m TAH1310 30 WNYL1I3dS dI-11 913

(143) Y3BWNNIAVM
008 008 000! 00ZL 007! 009l 008l 000Z 00SZ 000¢ 00St 0007
= _ _ , _ _ , ,

A.M\/A_ B\é_ 0 -
ARGl \3 oz £
S mzmuov z
= d
SHZIQ m 407 =
los B
z
ﬁ\l\/y.\ O
108 2
=
bl ! L ! | | ] I ] i 001~
glvt ¢t 0l 6 8 L S S 7 £ G¢

SNOHOIN



/

(DEL) FLIVN

-OHJSOHJOIHI-E-TANVHINIW-d TAH1310 30 WNY1J3dS ¥Wd - ZI 914

(wdd)g

ol

SHZ20
4
mINUO ]




161

f

e

L) 3IYNOHJSOHJOIHITANVYEYD-7 TAHL3IQ 30 WNY133dS dI- €191
(1 42) HIENNNIAVM

N

008 008 000L 00c¢l 0071 008t 0081 000 00SZ 000€ 00SE 0007
! ! | l | 1

(%) JONVLLINSNVYHL

Y b 0
S & ~02
= PHEO0\
C S mINuo\m £ 107
03
08
| L ! ! , | ! 1 00!
ZL 0l 6 8 L 9 S Vi £ S

SNOYHIIW



162

(

B

L)

31VYNOHJ SOHJOIHLITANVYEVYD -7 TAHL3IQ 30 WNY123dS ¥Nd -7l 91

(wdd) g
0 { 4 £ 7 q 9 VA 8 6 Ol
] 1 i ] ] I i | ]
8
b
c mI NUOV&G&?
m..s...O mINUO m u“...."




163

JLVNOHJSOHJOIHL-6-TAN3HLNIN-d-

008 008 000!
T I

(,.W2) YIGWNNIAYM
00Z! 007 009l 0081 000Z 00SZ
} ] !

oo_om

(Z1) |
| TAHL310 40 WNY123dS HI-§l 914

00S¢E
T

0007

SHZD0
S2a0/ i
H®J

0 S

i 1 ] ]

—

0

| ]
o Q
~3 o~

]
(=)
loe}

00!l

| i
St 7t ¢l 0l

L 3 S 7
SNOYIIN

i
)
@w
(%) 3ONVILINSNVYL

!
o~



164

(Z1) 3IVN
COHJSOHJOIH1-6 -TANIHIN3W-d-1 TAH13I0 40 WNY123dS dWd- 817013
(wdd) g

0 " Z 3 7 S g / 8 6 ol
m . _ _ , ? _ , I ”

i N E

il = “HZ90

f .

{ 3 N H¢0 c

! :mm\ i ! | | ] ] | |

-



165

JIVNOHdSOHJOIHITANVICIIONOT-71 TAHLIIA 40 WNY133dS HI- £l 9ld

(,W2) YIGNNNIAYM

OG89 008 000l 00ciL 00%7l 009l 008l 000Z 00SZ 000E 0Q0SE  000Y
i 1 i l I i i

(72)

SNOYJINW

Tz ] 0
ik —0¢

—07

L~

08

Ly N S ! ! ! el
sit7l 2l 0Ol 6 8 /4 9 3 S'¢

(%) 3ONVLIIINSNYYL



166

Ol

(72)
JIVNOHJSOHJOIHITANY10419N01-71 TAHL3IG 30 WNY133dS diNd - 81 "9l
(wdd) g
0 ! l £ 7 S w m 8 m
] | ! —

b~ A A

SHZD0\

\&) N
SHEO0 4 HY

JAAY

— 101

AN




4o

5.

7e

10.

11.

12,

13,

167

REFERENCES

Wittig and Geisler, Ann. 580, 44 (1953).

See e.q. Trippett, Advan. Org. Chem. 1, 83 (1960);

Trippett, Quart. Rev. 17, 406 (1963).
L. Horner, H. Hoffmann and H.G. Wippel, Ber. 91, 61 (1958).

Wadsworth and Emmonss J. Am. Chem. Soc. 83, 1733 (1961).

E.J. Corey and G.T. Kuwaitkowskii, ibid. 88, 5654 (1966).

.—.—,

Eo:}o Corey and DQEO CBGE, 3. Urg- Chemo ;_é_g 3053 (1 963);

E.J. Corey and G. Kuaitkouskii, J, Am. Chem, Soc. 88, 5652

(1966) .

G. Kosolapoff, "Organophosphorous Compounds®, Wiley, New York;

1950. Chapter 7.
P.C. Crofts, Quart, Rev. 12, 341 (1958).

A.I. Razumov, 0.8. Mukhacheva and Sim-~Do-Khen, Izvest.

Akad., Nauk S3SSR, Otdel, Khim. Nauk 894 (1952)3; Chem. Abstr.

47, 10466c (1953),

B.A., Arbuzov and N,J. Rispolozhenskii, ibid. 854 (1952);

Chem, Abstr. 47, 9903f (1953).

M.T. Kabachnik and T.A. Mastryukova, ibid. 163 {1953);

Chem. Abstr. 48, 3243d (1954).

H. Normant, Angew. Chem, Intern., Ed, Engl. 6, 1050 (1967).

G.M. Kosolapoff and L.B., Payne, J. Org. Chem. 21, 413 (1956).




e
. )
L ]

14, C, Walling and M,5. Pearson, Topics in Phosphorous

Chemistry 3, 1 (1963).

15. FE.S. Lewis and E.C. Nieh, J. Am. Chem, Soc. 98, 2268 (1976).

16. K. Kumamoto, H. Yoshida and S. Imokawa, Bull.Soc. Chem. Japo,

42, 3245 (1969).

17, D.H, Block, Ger. Offen. 2,514,6403 14 Oct. 1976; Chem.
Abstr. 86, 72867m3 D.H, Block, Ger. Offen. 2,516,347
28 Oct. 19763 Chem, Abstr. 86, 55580v (1977); D.H, Block

and H. Jonas, Ger. Offen. 2,525,2933 23 Dec. 19765 Chem,
Abstr. 86, 121523g (1977); D.H. Block, Ger. Offen. 2,535,685;

17 Feb. 19773 Chem. Abstr. 87, 39653m (1977).

18. R,L. Kenney and G.S. Fisher, J. Org. Chem. 38, 682 (1974).

19. F.W, Stacey and J.F. Harris, Jr., Organic Reactions 13,

150 (1965).

20, D.I., Davis, L,J. Paffitt, C. Kalden and J.,A. Claisse,

J. Chem. Soc. C 1585 (1969).

21, J.Y. Lallemand, Tetrahedron Letters 1217 (1975).

22. N.A. LeBel, R.F. Czaja and A. De Boer, J. Org. Chem., 34,

3112 (1969).

23, D, Helminger and G. Ourisson, liebig. Ann.686, 19 (1965).

24, E.N. Tsvetkov and M.I. Kabachnik, Russ. Chem. Rev. 29, 97 (1971).

25. Z. Pelchowicz, J. Chem. Sac. 241 (1961),




26,

27,

28.

29,

30.

31.

32.

33.

34,

35.

3 6.

R.A. MclIvor, G.De McCarthy and G.A. Grant, Can, J. Chem.

34, 1819 (1956).

J.L. Occolowitz and J.M., Swan, Aust. 3. Chem, 19, 1187

(1966).

A.H. Davidson, P.,K.Z. Hodgson, 0O, Howells and S. Warren,

Chem., & Ind. 455 (1975).

K. Kondo, A. Nenishi, and D. Tumemoto, Angew. Chem, Intern.

Ed. Engl. 13, 407 {1974).

J.5. Yadav, H.P,5. Chawla, Sukh Dev, A.5.C. Prakasa Rao

and U.R, Nayak, Tetrahedron 33, 2441 (1977).

D.W, Hutchinson, Unoublished results; See, V.M. Clark,

Dl Hutchinson, A.,J. Kirly and §.G. Warren, Angsw. Chem.

Intern., Ed. Engl. 3, 678 (1964).

He McCombie, B.Ce. Saunders and G.J. Stacey, J. Chem. Soc.

380 (1945).
Cz. Krawiecki and J. Michalski, ibid. 881 (1960).

C. Sluebe and H.P. Lankelma, J. Am. Chem. Soc. 78, 976 (1956).

A. Zweirak, Bull, Acad. Polen. Sci., Ser. Sci. Chim. 13,

609 {1965); Chem. Abstr. 64, 9576 d (1966).

F.tfy Hoffmann, T.C. Simmons and L,J. Glunz, III,,

J. Am. Chem., Soc. 79, 3570 (1957).




