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Reaction of a,(B-unsaturated monoterpenic ketones — carvone, pinocarvone and 2-caren-4-one — with the sodium salt of
diethylphosphite in diethylphosphite media results in regioselective addition to the conjugated carbon—carbon double bond and

formation of the corresponding oxophosphonates.

Utilization of available natural terpenic compounds in thel, pinocarvone and 2-caren-4-on& — which are the simplest
syntheses of novel biologically active compounds and chirabxygenated derivatives of the widespread natural terpenes
auxiliaries requires selective methods for the introduction ofimonene, pinene and carene to be available in optically active
heteroatomic functional groups that significantly change thdorm on an industrial scale.

polarity, solubility and coordination ability of the terpenic

Carvone was purchased from Flukaalfe —73.52.

molecules. Different phosphorus-containing groups are amonBinocarvone was prepared by photooxidationaepinene;

the most interesting ones. Many organophosphorus compound®lated from the turpentine dPinus silvestris L. in the
possess biological activity. The search for new biologicallypresence of tetraphenylporphitfe. 2-Caren-4-one was
active phosphorus-containing molecules is being intensivelgynthesized from (+)-3-carene (which was also isolated

carried out™ especially in the series of optically active from the same

turpentine) by nitrosochlorination—

compounds with chiral phosphoftfsand those possessing dehydrochlorination followed by hydrolytic deoximatibi:?

chirality at the neighbouring carboft§. The use of chiral

As found for the simplest compounds such as mesityl oxide

organophosphorus compounds in enantioselective catalysis &d 1-acetylcyclohexerté!* addition of dialkyl esters of

also well-documented, a few examples of phosphor
terpenes showing them to be promising chiral auxilidr

ateghosphorus(l) acids toa,B-unsaturated carbonyl compounds
s. takes place when alkoxides of alkali metals are used as

Among the phosphorus-containing derivatives of terpenes, onlgatalysts. The use of trimethylsilyldiethylphosphite as a
monophosphates and pyrophosphates of allyl-type acycliphosphorus-containing component is also kndwin. this case,

alcohols (geraniol, nerol, linalool, farnesol, nerolidt) have

solvent and reaction temperature affect significantly the

been intensively studied because of their importance in theegioselectivity of the addition. In addition, the reaction occurs
biosynthesis of terpenoids in plants. Due to the lability ofat temperatures about 180 °C, but this is impossible for
terpenes and the rather drastic conditions required foselective addition to terpenic compounds because such a high
preparation of phosphorus-derivatives from unsaturatedemperature usually results in isomerization or destruction
compounds, there are no general selective methods faf the terpenic molecules. Another attempt at using
introducing phosphorus into the terpene molecules, althougsilicon-containing phosphorus derivatives led to the synthesis
organophosphorus compounds derived from natural terpenes phosphinic acids from hypophosphitéshut this reaction
might be of great interest from many points of view. We wishwas also studied in the case of very simple compounds such as
to report now the results of our study on the regioselectivesters of acrylic, benzylacrylic and crotonic acids.
phosphorylation of certain terpenes by addition of diethyl- Standard procedures for addition of diethylphosphite to
phosphite toa,B-unsaturated monoterpenic ketones — carvoneinsaturated carbonyl compoufiti were found to be unusable
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in the case of the terpenic ketones because of the low yields of
the desired products. We have developed the following
procedure leading to regioselective addition of diethylphosphite
to conjugated carbon—carbon double bonds and formation of
oxophosphonates in good yields. Sodium (0.07 g, 3.04 mmol)
was added portionwise at room temperature to diethylphosphite
(5ml) followed by addition of unsaturated terpenic ketone
(0.59g, 3.33mmol) to the resulting solution. After a certain
period of time the reaction mixture was diluted with water
(200 ml) and extracted with EtOAc (80 ml). The organic extract
was washed with 30% ag. NaOH (3x50 ml), water (50 ml),
brine and dried over anhydrous JS&, Removal of the
solvent under reduced pressure leaves a crude product
containing the desired product and only a small
amount of impurites (NMR). Analytical samples were
obtained by liquid chromatography (Bruker LC-21 instrument,
column: 125x4.6 mm packed with Nucleosil C18, eluent
MeOH-H,0 = 1:3). The reaction of carvoriewas performed

for 3h at =10 to —15 °C, pinocarvorzefor 30 min at room
temperature, and carenoBat 100-120 °C for 10 min.

The reaction of ketone%-3 resulted in the stereoselective
formation of oxophosphonates, the primary reaction products
being transformed to equilibrium mixtures of epimers on
prolonged reaction time. Although the primary reaction product
5" seems to be less stable than its C-2 epimer (molecular
mechanics, semi-empirical calculations), compoénd quite
stable and is not transformed to the epimer. The product from
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carvone is the least stable to isomerization: the primary isomes, —17Hz 8% NOE
4a at room temperature without any catalyst is transformed ta;"" <" 715 ,
o - r H2-C2-C3-H3~ z 6% NOE
an equilibrium mixture o4a and4b (ca.1:3)* In the case of Jna_ca_cop= 12 Hz
carane derivativi3, increase in the reaction time or prolonged 3J,,; ¢, c,. = 17 Hz
storage at room temperature of the initially formed comp@und *Ju;_ci_co= 8 Hz

leads to «a.3:1 mixture of6® and its C-3 epimer.

T (#)-(1$,2R*,554)-6,6-Dimethyt3-oxobicyclg3.1.1jhept2-yImethyt
phosphoni@cid diethylesters. Yield 73%. MS (m/z, %): 288.1495 (57,

M*, calc. for G,H,.O,P 288.14904), 273 (23), 260 (24), 246 (13), 245
(18), 220 (67), 219 (49), 217 (13), 208 (13), 192 (47), 191 (37), 178
(10), 165 (11), 163 (54), 152 (100), 138 (29), 125 (39), 122 (16), 121
(11), 111 (19), 109 (15), 108 (26), 107 (28), 97 (13), 93 (18), 82 (12), 81
(26); IR @adcn™ in CHCL): 2900-3000 (C-H), 1707 (C=0), 1238
(P=0), 1138 (P-O-C), 1107 (P-O-C), 1057 (POC); NMR data
(CeDg/CCl, = 1:5 v/v; 160 mg mt): *H NMR (400.13 MHz)6: 0.75

(s, 3H, H-8), 1.12 (d) = 11.0 Hz, 1H, H-&), 1.20 (t,J=7.0 Hz, 6H,
POCH,CH,), 1.22 (s, 3H, H-9), 1.42 (ddd= 18.0, 16.0, 11.0 Hz, 1H,
H-10a), 1.96 (m, 1H, H-5), 2.37 (ddl= 19.0, 25 Hz, 1H, H), 242 _ 1 Selected Sbin_spi i dh lear Overh
(ddd,J= 6.5, 6.5, 25 Hz, 1H, H-l), 2.46 (dF 16.0 Hz, 1H, H-lOb), eflfgeugtes for C%;C gungpln—spln couplings an omonuclear vernauser
2.51 (ddd,J = 19.0, 4.0, 3.0 Hz, 1H, HB), 2.53 (m, 1H, H-B), 2.55 poung.

(m, Jpoy=18.0Hz, 1H, H-2), 3.93 (m, 4H, PGLCH,); °C NMR

(100.61 MHz) 6: 16.61 and 16.67 (POGBH,), 22.10 (C-8), 27.23 The reaction seems to proceed in accordance with the
(C-9), 27.48 I.p=144.1Hz, C-10), 34.47 (C-7), 39.11 (C-5), following scheme involving addition of diethylphosphite anion
39.21 (C-6), 43.00J¢ p=1.5Hz, C-1), 44.63J p=1.9Hz, C-4), from the least hindered side of the conjugated carbon—carbon
50.80 0c p=3.4Hz, C-2), 61.03 and 61.41 @@,CHy), 20945 double bond followed by addition of a proton (derived from the

chfF,: 16.2 Hz, C-3)3P NMR (81.015 MHz): 29.47. o diethylphosphite molecule) from the least hindered side of the
(1R,2RS59)-5-Isopropenyd2-methyt3-oxocyclohexylphosphoniacid resulting carbanion:

diethyl esterd. Mixture of isomersda and4b (1:3); yield 236. [a]®
+15.9 € 5.40, CHC)); MS (m/z, %): 288.1496 (6, M calc. for
C,H5:0,P 288.14904), 179 (9), 151 (20), 150 (100), 139 (17), 135 (39), = ~
123 (10), 111 (11), 55 (11); IR, L, /cm™ in CHCL): 2900-3000 (EtOR0OP.F A\ O (EtO),0P 0
(CH), 1710 (C=0), 1638 (C=C), 1230 (P=0), 1050 (P-O—C), 1025 —

(P-0-C), 963 (P-O—CJ*P NMR (81.015 MHz, D4/CCl, = 1:5 ViV,

160 mg mtY) §: 29.82 and 30.66.

For 4a M NMR (400.13 MHz, GDs 160 mg mth) o: 1.15 (d,
J=7.2Hz, 3H, H-10), 1.19-1.28 (m, 6H, POLCH,), 1.69 (s, H

3H, H-9), 1.71-2.54 (m, 6H), 2.72 (m, 1H, H-5), 3.90-4.05 (m, (EtO)OP o

4H, POGi,CHy), 4.68 (s, 1H, H-8b), 4.75 (s, 1H, H-8a); HPO(OEY) 2

13C NMR (100.61 MHz, GD4/CCl,=1:5v/v, 160 mg mf) ¢: 13.75 “_po(CEy

(Jop=2.0Hz, C-10), 16.51 J{ ,=6.3Hz, POCHKCH), 16.71

(Jep=5.8 Hz, POCKCH,), 21.31 (C-9), 29.81J¢ p=3.3 Hz, C-6), The reaction of carvonel results in formation of

ii'gz Ocp=141.0Hz, C-1), 41,683 p=6.7 Hz, C-5), 44.33 (C-4), diphosphonat&" in significant amounts, while in the case of
84 (c_p=2.8Hz, C-2), 61.11) = 6.9 Hz, P@H,CH,), 61.57 : 4 2 4-ond onlv i n ‘th
(Jop=6.9Hz, P@H,CHy), 111.13 (C-8), 147.07 (C-7), 206.91 Pinocarvone2 and 2-caren-4-on@ only impurities of the
(Jo_p= 6.0 Hz, C-3). corresponding diphosphonates occur. Due to the good solubility
For 4b: HNMR (400.13 MHz, GD,, 160mgmtY) 6: 1.16 (d, ©f compounds of this type in concentrated aqueous alkalis, they
J=6.9Hz, 3H, H-10), 1.19-1.28 (m, 6H, POCH,), 1.68 (s, are easily removed by washing of the reaction mixtures with
3H, H-9), 1.71-2.54 (m, 6H), 2.72 (m, 1H, H-5), 3.90-4.05 (m30% ag. NaOH. Diphosphonaté was isolated by liquid
4H, POGi,CH,), 4.65 (s, 1H, H-8b), 4.80 (s, 1H, H-8a); chromatography when washing with concentrated aqueous
%C NMR (100.61 MHz, @D¢/CCl,=1:5v/v, 160 mgmf) 6: 1559  ammonia instead of sodium hydroxide solution.
(Jc-p=5.3Hz, C-10), 16.81 Jf p=6.3Hz, POCHCH,), 16.88 Signal assignment in the NMR spectra of the new
(Jo_p=5.8 Hz, POCHCH,), 21.88 (C-9), 27.49J¢ p= 4.0 Hz, C-6),
38.40 (._p=142.6 Hz, C-1), 41.01¢ p=11.7 Hz, C-5), 43.56 (C-4), " (1R,2R3R,5R)-3-(Diethoxyphosphory1-hydroxy5-isopropenyi2-
43.92 (c_p=3.4Hz, C-2), 61.36J)_p=6.5Hz, P@H,CH;), 61.79 methylcyclohexylphosphonic acid diethyl egteYield 63%. ]??—11.8
(Je_p=6.9 Hz, P@H,CH,), 112.46 (C-8), 146.39 (C-7), 208.34 (c 2.38, CHCJ); MS (m/z, %): 426.1944 (3, M calc. for GgH30,P,
gJC,Pz 12.4 Hz, C-3). 426.19361), 398 (9), 290 (15), 289 (100), 271 (24), 261 (9), 151 (28),
(1S2S3S6R)-3,7,7Trimethyt4-oxobicycld4.1.0hept2-ylphosphonic 150 (22), 139 (19), 135 (10), 134 (9), 133 (25), 111 (16), 109 (33), 91
acid diethyl ester6. Yield 90%. §]* +0.8 ¢ 3.81, CHC)); MS  (10), 83 (12), 82 (9); IRV, /cmtin CHCL): 2900-3000 (C-H), 1650
(m/z, %): 288.14892 (17, M calc. for G,H,O,P 288.14904), 179.0 (C=C), 1238 (P=0), 1038 (P-O-C), 975 (P—O—C); NMR daf{C
(100), 154.9 (44), 151.0 (22), 150.0 (33), 138.9 (37), 138.0 (26), 135.060 mg mfY): H NMR (400.13 MHz) 6: 0.98 (t, J=7.1Hz, 6H,
(22), 126.9 (24), 123.0 (18), 122.0 (17), 121.0 (15), 111.0 (67), 109.@OCH,CH,), 1.10 (t,J=7.1 Hz, 3H, POCKCH,), 1.12 (t,J=7.1 Hz,
(38), 98.9 (38), 93.0 (43), 87.0 (21), 81.9 (29), 80.9 (35), 65.0 (24), 59.8H, POCHCH,), 1.30 (dddd,) = 39.8, 13.0, 13.0, 5.9 Hz, 1H, H-4ax),
(18); IR @ a/Cit in CHCL): 2900-3000 (C-H), 1710 (C=0), 1240 1.60 (t,J = 1.4 Hz, 3H, H-9), 1.61 (dl = 7.3 Hz, 3H, H-10), 1.83 (ddd,
(P=0), 1050 (P-O-C), 1025 (P-O-C), 964 (P-O-8¥yNMR J=13.0, 13.0, 4.2 Hz, 1H, H-6ax), 2.05 (dy = 7.2 Hz, 1H, H-4eq),
(400.13 MHz, GD4/CCl,=1:2.5v/v, 80mgmf) &: 0.78 (ddd, 2.06 (m,Jpy=28.1, 7.4 Hz, 1H, H-3), 2.48 (dqdd=42.2, 7.3, 5.9,
J=9.0, 9.0 5.0 Hz, 1H, H-6), 0.78 (s, 3H, H-8), 0.94 (s, 3H, H-9), 1.044.2 Hz, 1H, H-2), 2.50 (dddd}=13.0, 6.2, 3.7, 2.8 Hz, 1H, H-6eq),
(ddd, J=17.0, 9.0, 8.0 Hz, 1H, H-1), 1.15 () and 1.16J( 7.0 Hz,  2.77 (m,J=2x13.0, 1.8 HzW,,, = 7 Hz, 1H, H-5), 3.80-4.19 (m, 8H,
6H, POCHCH,), 1.19 (d,J=7.0 Hz, 3H, H-10), 1.52 (ddd,=22.0, = POCH,CH,), 4.72 (q,J=1.5Hz, 1H, H-8a), 4.75 (m, 1H, H-8b);
12.0, 8.0 Hz, 1H, H-2), 1.94 (ddd, J=17.5, 5.0, 3.0 Hz, 1HB)H-5 °C NMR (100.61 MHz)d: 16.27 (. p= 6.1 Hz, POCHCH,), 16.37
2.27 (dd,J=17.5, 9.0Hz, 1H, H&), 2.37 (ddgq,J=12.0, 12.0, (Jo_p=5.5Hz, POCHCH,), 16.41 (. p=4.3, 2.1 Hz, C-10), 16.62
7.0 Hz, 1H, H-3), 3.94 (m, 4H, POCCH,); *C NMR (50.32 MHz,  (Jo_p=5.4 Hz, POCHCHj), 20.73 (C-9), 32.39J¢ = 1.5 Hz, C-4),
CsDg/CCl, = 1:5v/v, 100 mg mit) §: 14.30 (C-8), 15.16 (C-10), 16.84 35.85 (. p=12.0, 2.1Hz, C-5), 37.84]J{,=3.0, 2.2Hz, C-2),
and 16.94 Jo_p= 4.9 Hz, POCHCH,), 19.83 (. p=1.9Hz, C-7), 39.57 (. p=136.6, 16.7 Hz, C-3), 41.29 = 1.7 Hz, C-6), 61.40
21.59 (c_p=7.2Hz, C-1), 22.43). »,=2.0 Hz, C-6), 28.19 (C-9), (Jo_p=7.2 Hz, P@H,CH,), 62.48 (. = 6.8 Hz, PGH,CH,), 62.55
35.46 (C-5), 37.47)_p=143.2 Hz, C-2), 42.22)¢ ,=3.6 Hz, C-3),  (Jo_p=6.6 Hz, P@H,CH,), 62.87 {._p= 7.4 Hz, P@H,CH,), 75.67
61.20 and 61.85J¢ = 6.8 Hz, P@H,CH,), 210.52 J. p=17.1Hz,  (Jo_p=170.7, 1.8 Hz, C-1), 109.66 (C-8), 149.11 (C-7)P NMR
C-4); %1P NMR (81.015 MHz, @D4/CCl,=1:5v/v; 100 mg mt) o: (81.015 MHz, GD4/CCl,=1:5v/v; 160 mgmi’) o: 24.48 (P-C1),
29.33. 36.48 (P-C3).
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*Jc1-co-cap= 1.8 Hz
Jes—ce-c1-p= 12.0 HZ
Jes-cacap= 2.1 Hz
Jnz-ca-co-c1-p= 74 Hz

*Jnsax-cacap=39.8 Hz
Jseq-cacap= 7-2 Hz
Jneax-ce-c1-p= 4.2 Hz
Jriseq-co-c1-p= 6.2 HZ

h2-co-c1-p 4.2 HZ

18

19
Jho—co-ca-pi= 42.2 Hz 3‘]c1ofczfc3fp'}
‘ ‘- >4.3 and 2.1 Hz
JCS—CZ—CI—P’_: 16.7 Hz 3‘JClO—CZ—Cl—P.’
20
Figure 2 Selected spin—spin couplings for diphosphorTate 21

phosphorus-containing terpenic derivatives was made using
2D homonuclearJ-resolved experiments, 2D H-H-COSY,
C-H-COSY J=125 and 10Hz) and nuclear Overhauser
enhancement. Spin—spin couplindz_ - were taken from
proton-decoupled®C spectra whereas spin—spin coupliJ;s

were measured in 2D H-HJ-resolved spectra. The
stereochemistry of the new compounds was determined by
comparison of the experimental spin—spin couplings with the
calculated ones for different stereoisomers. Conformational
analysis was carried out using molecular mechanics
calculations (MM2) and semiempirical quantum-chemical
calculations (PM3). Selected characteristic NMR parameters of
phosphonates6 and 7 are shown in Figures 1 and 2,
respectively. Assignment of phosphorus resonances in
compound7 was made on the basis of the influence of
substituents: electron acceptors at a-carbon are known to
induce high-field shifts of the®!P nucleug’ In addition,
phosphoryl oxygen at the axial phosphorus (at C-3) can form an
intramolecular hydrogen bond with the hydroxyl, and this can
result in a low-field shift of the phosphorus nucldds.
Compound 7 is formed from the corresponding
monophosphonai4, therefore the primary monophosphonate is
drawn as isomeda with the same configuration of the
secondary methyl group. Compouls was assigned to the
isopinocamphone serief-oriented substituent at C-2) based
on comparison of thC NMR spectrum of this molecule with
the spectra of a number of related derivatives of pinocamphone
and isopinocamphone typd2?' and taking into account the
minor B-effect of the phosphonate groté).

The authors thank The Competitive Center on Natural
Sciences at the St. Petersburg University (grant no.
95-0-9.4-102) and the Russian Foundation for Basic Research
(grant no. 96-03-33222) for financial support of this work.
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