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Abstract—Starting with maleopimaric and fumaropimaric acidere prepared chiral organophosphorus
ligands from decahydrophenanthrerszries.Cationic complexes of Rh(lprepared therefrom wertested
for catalysts of asymmetric hydrogenation of unsaturated precursond-axfethylphenylalanine and its
derivatives.

An important part of the fundamental research intriol Il [15]. The necessary differentiation of its three
asymmetric catalysis is the study of hydrogenation ohydroxy groups was performed in three stageisst
unsaturated compounds in the presence of transitiowe obtained benzylideneoxy derivativé that had
metal complexes with chiral organophosphorusin the 'H NMR spectrum a characteristic singlet at
ligands [13]. To this end were prepared numerous5.21 ppm from themethine proton of the benzylidene
phosphines, aminophosphines, and phosphinitegroup. For protection of the hydroxymethyl group
proceeding from tartariacidsesters piogenic amino-  attached to & atom compoundIll was treated with
acids, carbohydrates, terpenetc. [4-11]. At the benzyl chloride in the presence of tetrabutyl-
same time no data were published on application ohmmonium hydrogen sulfate and 50% aqueous NaOH
higher terpenes in the synthesis of the organoin dichloromethane. This reactiogave benzyl ether
elementalligands. Pursuing the studies on the stereotV in 86% vyield. The attempt to relieve the
selective metal-complex catalysis we turned our attenbenzylidene protection in compound with the use
tion to tricyclic diterpene acids contained in theof 5% HCI solution in methanol resulted in a mixture
galipot of coniferous trees [124]. In particular, we of compounds that was subjected to chromatography
took an interest in the L-pimaric acid and its adductso afford the target diolV (40%) and pentacyclic
with maleic anhydride and fumaric acid @#0]. The diterpene with a furan ring/I (50%). A fair yield
high optical purity andspecific structural features of of diol V (80%) was obtained onlywhen the hydro-
these compounds are attractive for an attempt tdysis of etherlV was carried out by a reagent (PYH
transform them into organoelemental ligands of nove(TsO') in methanol. In the former reaction the furan
structural types. ring in compoundVI arises in the strongly acidic
Here we report on the synthesis of chirais- medium through an intramolecular cyclization in diol
phosphines of decahydrophenanthrene series with tt?(é due to protonation of the ethylidene fragment in
use of enantiospecific transformations of maleo~<€€PING With the Markownikoff rule followed by

reaction between the intermediate carbocation with

pimaric and fumaropimaric acids. Starting with
maleopimaric acidl whose structure was proved by 1€ neargstv hyd:joamethygroupb':jhﬁ dstrfuctureth of
X-ray diffraction analysis [17] we prepared a known Klol\sln£0$e stréf an was established from their
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DERIVATIVES OF L-PIMARIC ACID IN THE SYNTHESIS 1135

For instance, in thé3C NMR spectrum of dioM  number of times we disclosed that the previous data
the significant signals from atoms‘€and G” appear concerned a mixture of bisphosphiiX and its
at 65.51 and 61.07 ppm respectively. Tleem- oxidized form (up t015%) PP NMR spectrumsy,,
parative analysis of the spectt®i NMR and two- ppm, J, Hz: 28.17, 30.05, P(O)YR The partial
dimensional COSY HH (45°) of compound VI oxidation of the labile ligand with air oxygen readily
revealed that a doublet of doublets 8t48 ppm occurs during the preparation of the samples for
belonged to the proton 142 that is coupled with the measurementsge.g., at the use ofinsufficiently
proton H®® whose signal appeared as a doublet atlegassedolvents, or at prolonged measurements.

6a

3.95 ppm. Theproton H1 has also a cross-peak  hg gynthesis of liganlll , a diastereomer of
W'Ith H< proton possessing a signal as doublet Ofbisphosphinelx characterized by a formaT,-sym-
triplets at2.36 ppm {,¢,, 3.7, Jzéb: J239.5 H2).  metry of chiral centers Eand &, was performed
To the methylene protons at the ‘Catom that have starting with adduciX prepared by heating to 180
distinct cross-peaks with eadfther belong a triplet diethyl fumarate with benzyl ether of L-pimaric
at 3.67 ppm Jyem= J17,5,110.3 Hz) and aloublet of  alcohol. The latter was used together with benzyl
doublets aB.84 ppm {;,, ;3.8 Hz). ethers of related structures that were obtained by
treating with benzyl bromide of reduced with LiAJH
rosinacids mixture which were isolated direcfipm
pine galipot [22]. The structure ofcompound X
isolated as individual substance by chromatography
was established mainly from the high resolution
NMR spectra (500nHz). In theH NMR spectrum

of adductX the doublet a.75 ppmbelongs to the
proton H coupled with the ¥ atom with a coupling
constant equal to 5.9 Hz. This value is in agreement
with a vicinal coupling constant calculated along
Karplus formula for a dihedral angle 13%; the

After treating diol V with tosyl chloride in
pyridine at-20°C we isolated from the reaction mix-
ture key ditosylateVIl (75%) and furan derivative
(VIll') as a side produd20%). Note that in reaction
carried out at room temperature the yield adm-
poundVIll amounted td80%. Thestructure of com-
Pounds VIl and VIl was confirmed by'H and
3C NMR spectra. The furan fragment afiolecule
VIl is revealed in the proton spectrum by four
equivalent triplets§ 3.07-3.86 ppm) from diastereo-

topic protons 2#° and 2H’ having geminal and \ . .

L : value is consistent with trans-arrangement df ahd
vicinal coupling constants equal to 8.5 Hz. H2 atoms. Thesignal in the shapg of doublet of
Chiral bisphosphine ligandX was synthesized in doublets at 2.55 ppm corresponds to H atom
31% vyield by treating ditosylate/Il with sodium  possessing a vicinal constad, 2.7 Hz and a
diphenylphosphide prepardd situ in dioxane[11]. long-range constan"ﬁz 45 1.9 Hz'[23]. Notethat for

In the *H NMR spectrum of bisphosphinéX the L . r :
signals of methylene protons attached to atont§ C ;E?n;rggﬁwzgg(ep;?éogiig; ?ﬁzavsgsj%%tg;e?gl

and G’ appear in thed 1.90-2.35 ppm range. The : . :
multipletspgt 5 7.0-7.52 ppm cofrgspondg to 25 Hz, and for trimethyl maleopimarate withp2p-
protons of the five aromaticings. In thel3C NMR  configuration of the substituents at@nd & atoms
spectrum the doublet @1.50 ppm §gpq) = Jy7pp HESE values ard,; 11.1, J,5 1.7 Hz [17]. The

9 Hz) corresponds to coinciding signals of°Gand comparison of our spectral data with those published
C!” atoms. A quartet a#8.09 ppm Qp 12, 3 ppo) revealed that the synthesized adducthas ﬁ,za-

8 Hz) belongs to €atom, and ajuartet a39.26 ppm C%nflguratlon of the ethoxycarbonyl groups at &nd
(J2.p(1) 6. o piz) 14 Hz) originates from €atom. The C* atoms.

doublet at37.71 ppm {3 12 Hz) belongs to é CompoundX was reduced by LiAllj into diol XI

and the doublet aB0.57 ppm J;op) 14 Hz) is a with quantitativeyield. Reaction of diolXI with TsClI
signal of G% atom. In the3P NMR spectrum of in pyridine afforded the corresponding tosylat# in
bisphosphinelX appear two signals in the regions 71% yield. The treatment of the lattevith sodium
-10.61 and-16.26 ppm.These values are character- diphenylphosphide in dioxane completed the synthesis
istic of P(lll) atoms[21]. For compoundIX we of chiral bisphosphineXIll . Its structure and com-
obtained reliable and reproducible values of mp-132 position were confirmed by spectral data and
13#C and R -55.# (c 1.0, CHCL). In this elemental analysis. For instance, in titP NMR
connection we should inform that in the previousspectrum of the compound are present two character-
publication [12] we haveeported dissimilar values of istic signals at-17.59 and-21.79 ppmbelonging to
mp 102104#C and BJ% -20.% (c 0.7, CHCL). two P(lll) atoms in the two diphenylphosphanyl-
When the experiments were repeated for quite anethyl fragments of the molecule.
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Scheme 1.

N—

(1) C_H,CH(OCH,),
(2) BnCL, NaOH, Bu N 'HSO,
-

CH,OR
R =H (III), Bn (IV).

PPh,Na

Optically active bisphosphin¥lX was synthesized
from diethyl fumaropimarat&IV possessing f,2a.-
configuration of substituents at the' @nd G centers
(according to'H NMR data} [17]. The reaction of

mr 1v

compoundXIV with PClL, afforded acyl chlorideXV
that without additional purification was converted into
amide XVI by morpholine action in quantitative
yield. The latter waseduced by LiAlH, in ether to
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Scheme 2.

H_ CO,Et

XII
furnish aminodiol XVII in 93% vyield. In its

2
20 XIII

multiplicity with the chemical shifts close to the

3¢ NMR spectrum appear the following signals: atproton shifts values in théH NMR spectra of free

69.62 ppm from E° atom of morpholinomethylene
fra7qment, and at 66.63 and 63.95 ppm frortf @nd
C!” of hydroxymethylene groups. Tosylation of
aminodiol XVII resulted in crystalline ditosylate

ligands. Wetested the new Rh(l) complexes as cata-
lysts of asymmetric hydrogenation of the unsaturated
precursors of MNacetylphenylalanine and its deriv-
atives. At hydrogenation of Zj-N-acetylamino-

XVIII whose structure was proved by X-ray diffrac- cinnamic acid XXIIl ) in the presence of complexX

tion analysis and NMRspectra. The targeligand

in ethanol at molar ratio [substrate]/[catalyst] 100: 1

XIX was prepared in 32% vyield by the method usedand hydrogen pressure 1.5 at we obtainedl@9%

to obtain bisphosphineX andXlll . In the'H NMR
spectrum of compoundIX the protons linked to
atoms G® and G’ undergo upfield shift to the region
2.08-2.41 ppm due to thenfluence of phosphorus(lll)
atoms; the latter appear in ti& NMR spectrum as
two characteristic signals atL8.91 and-21.96 ppm.

Reactions of bisphosphindX, XIlI, XIX with

yield optically active N-acetylphenylalanine XXV)
{optical purity 37%; []2° 17.¢° (c 1, ethanol), cf.
[24]: 46.5 (c 1, ethanol)}. The hydrogenation under
similar conditions of 3-(3,4-dimethoxyphenyl)-2-
acetylamino-2-propenoic acidXXIV ) with complex
XX as catalyst gave with 91% conversion dimethoxy-
phenylpropanoic acidX{XVI ) ([o]%° 15.5), that was

di-u-chlorobis(1,5-cyclooctadiene)dirhodium and hydrolyzed intoSenantiqmericaﬁy enriched 3-(3,4-
NaBF, in dichloromethane furnished complexesdihydroxyphenyl-1)-2-aminopropanoic acid (L-DOPA)
XX-XXII that were characterized by elemental(XXVIl ) {optical purity 27% p]2’ -3.2° (¢ 5, 1 N
analyses and'P NMR spectra. The proton spectra of HCI), cf. [25]: [oc]ZD0 -11.7 (c 5.3, 1 NHCI)}. The
the complexes contain a set of signals with uncleahydrogenation of aminoacid$Xlll, XXIV catalyzed

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 8 2001
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R = C1 (XV), morpholino (XVI).
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Scheme 3.
H CO.Et N
N (1) PCI,
] -
EO.C” H @ HN O
—>

Table 1. Principal parameters and hydrogenation resultaith complexesXXl, XXIlI at molar ratio [substrate]/
of unsaturated precursors Bfacetylphenylalanine and its [catalyst] 100: 1 and hydrogen pressure 1.5 at is very

derivatives

[substrate]/[catalyst] 100:1p,, 1.5 at, fast (3-5 min) and afforded in100% conersion

hydrogenation temperature 25, process time - min  racemic acidsXXV, XXVI (Table 1).

Thus we for the first time demonstrated the

Substrate Catalyst|Conversion,Hydrogenation Optical promising aspects of application of the natural
0, i 0,
& product | purity, % diterpene acids as initial compounds for the synthesis
of chiral organoelemental ligands for metal complexes
XX XX 100 XXV 31 O suitable as catalysts in homogeneous asymmetric
XX XXII 100 XXV 0
XXIV XX 91 XXVI 27 (9 EXPERIMENTAL
XXIV XX 100 XXVI 0 NMR spectra of compoundl Il, X, XIV were
XXIV XXII 100 XXVI

0 registered on spectrometer Bruker DRX 500 in

CDCl, (operating frequencie§00.13 MHz for H,
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Scheme 4. of diffractometer Syntex B2 (CuKa-irradiation,
graphite monochromator). Crystals of compouhd
X [RW(COD)(IX)] BF, rhombic, a 7.933(2), b 11.995(2), ¢ 23.361(5) A,
XX V 2222.9(8) A3, space group P2,2:2,, Z 4,
aBF, | xqr L CosHzyOs, p 0.682 mm', d.. 1.239 gcmd.
— == [R(COD)(XND)] BF, Intensities of 2430 independent reflections with
XXI1 26< 140 were measuredscanning to 6/26. A cor-
P rection for crystal faces was introduced (transmission
[Rh(COD)XIX)] BF, 0.61-0.85). Thestructure was solved by the direct
XXII method using SHELX-8@rogram. Thefinal refine-
S CO,H ment of parameters was carried out by least-squares
mHAc procedure in the full-matrix anisotropic approxima-
R’ tion (the positions of hydrogen atoms were calculated
R from geometrical considerations and were not
XXIII, XXIV included into refinement) along SHELXL-980gram
H,, (20-22) CO,H tilll wR, 0.1085, S 1.039 for all F2 (R 0.0397 for
I’ 2141 Fy > 4o, 272 parameters). Parameteof the
EOH R NHAc absolute structure is equal t0.05(34). Atom co-
R ordinates and equivalent thermal factors of nonhydro-
XXV, XXVI gen atoms are presented in Table 2. The structure of
HO' . COH the molecule and the absolute configuration of dibne
H are shown inFig. 1. Thestructure of the carbocyclic
R' NH, skeleton is asisual, thebond lengths in the skeleton
R are close to the average valu@$]. The orientation
XXVII of the isopropyl group [torsion angletectect’ct®
16.0(4Y] is the same as in the molecule of 4,14b-di-
R= R = H (XXIIl, XXV ), OMe XXIV, XXVI), methyl-7,8-dioxo-6a, 13-(15-isoppyl)etheno-4-carb-
OH (XXVII'). oxy-1,2,3,4,4a,5,6,6a,6b,7,8,12b,13,14,14b-
13 hexadecahydropiceng¢27]. Oxolan ring is planar
125.77 MHz for™“C spectra). The spectra of the other,;inin +0.025(2) A. The atoms & and & deviate
compounds were recorded on Bruker AC-200 instrUsom this plane to different sides by.087(4) and

ment in CDCl; at 200.13 MHz fOI’lH, 50.32 MHz 0.021 A : .
13 1 ; s -0. (5) A respectively. The bond lengths in the
for °C, and 81.01 for'P spectra. Chemical shifts ¢ 120" 5.dione fragment are consistent within the

were measured from chloroform signalssed as ;
. error of measurement with the average valuesQC
internal referenced(, 7.24 ppm,5: 77.10 ppm). The 1.387(9), C=0 1.189(6), O 19502(10) Al

31 ;

d;&gﬁ;ﬁiﬂié’vﬁe er)?t%?:%?dré’}’grhe:féeggl;deafndicated in the Cambridge Structural Databank [28]
3 4)- i —

IR spectra were registered on spectrophotometefrO r 30 structures withs(C-C) 0.005 A.

Specord M-80 from samples as tHilms. Theoptical 5,9-Dimethyl-16-isopropyl-5,18, 14B-trihydr-
rotation was measured on polarimeter JASCO modedxymethyltetracyclo[10.2.2.8'1°.0*%hexadec-15-

DIP-360. Thecolumn chromatography was perform- 24 q 10 1
ed on silica gel 1100/162 The reactions were ene (1) [15]. [o]5’ 8.1° (¢ 1.5, GHSOH). "H NMR

monitored by TLC on plates with fixed layer of silica spectrucr:lnéé, ppm 0, Hz): 0'28 S (3K, éSH3)’é4O'79
gel (Fy54 Merck). All operations with liganddX, s (3H, C"Hy), 0.89 m (1H, H), 1.08 d (3H, C"H,
XIV, XIX and complexeXX-XXII were carried out 6-8), 1.09d (3H, CHy, 6.8), 1.20 m (1H, '4')7’ 1.28
in a flow of dry argon. Thesolvents were dried and M (2H, H', H®), 1.4 m (6H, H? H° H® H', H’,
degassed befonese. Thesolvents were degassed in aH, 1.58 m (2H, ¥, H%, 1.69d.d.d (1H, H,
vacuum by repeated freezbaw procedure. The 12.6, 9.8, 2.8),1.82 d.t (1H, H, J;, = J; 175 10,
maleopim_ari_c acidzoused in the study had the foIIowinguL17A 3), 2.08 m (1H, HO), 2.19 m (1H, ﬁ),
characteristics: dl;” -28 (¢ 1.2, CHCY), cf. [15]:  2.27 d.sept. (1H, I, Jj5 1, 1.3), 2.52 m (1H, H),
[a]p” -28.7° (¢ 3.4, CHCY). 3.08 d (1H, H° 11.3), 3.29 t (1H, ', Jy70, =
X-ray diffraction study of a single crystal of Ji7a 175 10), 3.38 d (1H, K%, 3.39 m (1H, Iﬁe)
methyl maleopimaratel Y was performed with the use 3.70 m (1H, H®), 3.71 d.d (1H, H), 5.42 s (1H,

[Rh(COD)CI],

RUSSIAN JOURNAL OF ORGANIC CHEMISTRY Vol. 37 No. 8 2001
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Table 2. Coordinates X10') and equivalent thermal
factors @? x10% of nonhydrogen atoms of methyl
maleopimarate I{

Atom x/a y/b z/c U,

ct 5459(3) | 3922(2) 3416(1) 51(1)
c’ 5243(4) | 2811(3) 3724(1) 60(1)
c? 6901(4) | 2173(2) 3734(1) 57(1)
c 8359(3) | 2826(2) 4018(1) | 44(1)
c® 8476(3) | 4012(2) 3745(1) 38(1)
c® 9869(3) | 4732(2) 3994(1) | 42(1)
c’ 10276(3) | 5694(2) 3591(1) | 42(1)
ct 8728(3) | 6397(2) 3437(1) 36(1)
c’ 7176(3) | 5654(2) 3274(1) 37(1)
c* 6798(3) | 4674(2) 3698(1) 41(1)
ct 5643(3) | 6411(2) 3151(1) 47(1)
c* 6150(3) | 7649(2) 3194(1) 44(1)
c® 7545(3) | 7835(2) 2747(1) 45(1)
c* 9063(3) | 7098(2) 2884(1) 43(1)
c™ 8224(3) | 7227(2) 3892(1) 39(1)
c* 6915(3) | 7870(2) 3777(1) 41(1)
cY 6138(4) | 8747(2) 4161(1) 55(1)
c* 4440(4) | 8331(3) 4382(2) 81(1)
c® 7248(5) | 9094(3) 4654(1) 78(1)
c*® 6114(4) | 5102(2) 4276(1) 52(1)
c* 8187(4) | 2821(3) 4675(1) 58(1)
c* 9936(4) | 2193(2) 3842(1) 47(1)
c® 8200(4) | 9005(2) 2772(1) 53(1)
c* 10506(4) | 7906(3) 2937(1) 56(1)
c* 11535(4) 562(3) 4000(2) 73(1)
o* 10864(3) | 2417(2) 3455(1) 67(1)
0, 9926(3) | 8992(2) 2864(1) 62(1)
o* 7476(3) | 9866(2) 2728(1) 79(1)
o* 11953(3) | 7761(2) 3025(1) 90(1)
o* 10177(3) | 1281(2) 4166(1) 67(1)

H). 13C NMR spectrumg., ppm: 16.7 (G®), 18.3
(CY), 18.4 (&), 20.5 (&), 20.9 (C), 21.7 (CH,
31.3 (CY, 34.4 (C3), 36.4 (C), 37.4 (39, 38.2
(c?), 38.5 (&), 39.1 (C*), 40.1 (©), 41.1 (%),
46.5 (C), 48.9 (3, 55.5 (C), 56.6 (C9), 61.2
(Clz), 65.2 (39, 72.1 (&9, 126.2 (GY), 148.8
(C9.

13a, 19a-5-Hydroxymethyl-5,9-dimethyl-21-
isopropyl-16-phenyl-15,17-dioxapentacyclo-
[10.7.2.3-1°.0%°.0"9heneicos-20-ene(lll). To a
solution of 1.4 g(3.7 mmol) of triol Il in 40 ml of
dichloromethane was adde@.85 g (5.6 mmol) of
benzaldehyde dimethylacetal aBd)5 g (0.29mmol

of p-toluenesulfonicacid. The reaction mixture was 2.5), 3.11 d

stirred at room temperature for 1 hyashed with

TOLSTIKOV et al.

1=
C25 " ‘

O
Fig. 1. Crystalline structure of compound according to
X-ray diffraction analysis.

%5 solution of NaHCQ (2x50 ml), with water

(2x50 ml), theorganic layer was separated, dried on
MgSQ,, evaporated, and the residue was crystallized

from ethyl acetate. We obtained 1.2 g (70%)com-
pound Ill, mp 168170°C, [«]2 11.8 (c 2.0,
CHCl,). *H NMR spectrum s, ppm @, Hz): 0.60 s
(3H, C'®H,), 0.75 s (3H, C%H,), 0.85 m (1H, H),
1.04 d (3H, C*H,, 6.8), 1.07 d (3H, &H,, 6.8),
1.10-1.60 m (11H, H, H*, H® C°H,, C'H,, H%®
C%H,, H'!%), 1.64d.d.d (1H, H, 12.6, 9.8, 2.8),
1.94 d.d (1H, H° 8.8, 2.5),2.11d.d.d (1H, H,
31 »8.3,3; 17412.3,J1,1784), 2.23 d.sept. (1H, H,
Jia11 1.3), 2.23 m (1H, H), 2.46 d (1H, H, J,
(1H, 1°, 10.9), 3.49 d (1H, BP), 3.29 ¢

16 1 — — —
(2H1 H™ H 7‘]17A,1_ ‘]17A,17B_ ‘]16A,2_ ‘]16A,1GB
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12.3), 3.98 d.d (1H, H, J;;5,4), 4.23 d.d (1H,
H® J,65,4), 5.21 s (1H, EPh), 5.42 s (1H, H),
7.26-7.45 m (5H, GHJ). *C NMR spectrum
(e, ppm): 16.13 (€8, 17.33 (&), 17.78 (C9),
19.34 (@), 20.49 (CY), 21.21 (C%, 29.67 (C)
33.34 (C9), 35.30 (C), 35.97 (&9, 36.92 éé)’
37.28 (g;), 38.04 (C), 38.68 (C), 39.80 (C%),
45.22 (@), 48.13 (&9, 53.19 (C), 55.23 (C9),
71.87 (C), 72.28 (G, 74.70 (&%, 107.40
(CHPh), 124.79 (&), 126.00, 128.25, 128.46,
139.19 (GHg), 147.55 (C?).

13a,19%x-5-Benzyloxymethyl-5,9-dimethyl-21-
isopropyl-16-phenyl-15,17-dioxapentacyclo-
[10.7.2.3-1°.0%°.0"9heneicos-20-ene(lV). To a
solution of 4.6 g (10 mmol) of compouridl in 5 ml

1141

sulfonate, and the mixture was stirred at°@Ofor

3 h. Then the reaction mixture was evaporated, and
the residue was subjected to chromatography {SiO
eluent hexanesthyl acetate, 1:1). We obtained
0.38 g (80%) ofcompoundV, [a]2’ 5.0° (c 1.3,
CHCl,). *H NMR spectrum,s, ppm @, Hz): 0.55 s
(3H, C'®H,), 0.73 s (3H, C%H,), 0.85 m (1H, H),
0.97 d (3H, C*,, 6.8), 0.98 d (3H, &H,, 6.8),
1.07 m (1H, H), 1.191.52 m (10H, éa, H°®,
C®H,, C'H,, H® C°H,, H'9, 1.62d.d.d (1H, H,
12.6, 9.8, 2.8),1.83 d.t (1H, H, J,, = = J 175
10.5, J; 175 2.2), 1.94 d.d (1H, #f} 9, 2), 2.14
2.20 m (2H, H, H'9), 2.31 m (1H, H), 2.91 d (1H,
H?°, 8.9), 3.18 d (1H, K, 3.43 t (1H, H', J;7p 1=
Ji7a 178 10.5), 3.453.57 m (2H, C®H,), 3.75 d.d

of dichloromethane was added 5 ml of 50% solution(1H, H'"), 4.45 d (1H, ®,Ph, 12.5), 4.54 d (1H,

1
’

of NaOH, 0.17 g (0.5mmol) of tetrabutylammonium CH,Ph), 5.31 s (1H, &), 7.26-7.39 m (5H, GH.).

hydrogen sulfate, and 7 ml (61 mmol) of benzyl 13
chloride. The reaction mixture was vigorously stirred

at 45-50°C for 5 h, then washed with water till

pH 7, the organic layer was separated, dried o
MgSQ,, evaporated, and the residue was subjected t

chromatography (Si9) eluent hexaneethyl acetate,
7:33. We obtained 4.8 g (86%) of compound,

[oc]zD -77.9 (c 1.8, CHCY). 'H NMR spectrum,d,

ppm (, Hz): 0.58 s (3H, ¢%H,), 0.74 s (3H, ¢°H,),
0.86 m (1H, H), 1.03 d (3H, G¢™H,, 6.8), 1.07 d
(3H, C*™H,, 6.8), 1.15 m (1H, H), 1.27-1.42 m
(8H, H*¥ H° HE C'H,, H® H° H!), 1.54 m (2H,
H® H®%, 1.64 m (1H, H), 1.91 m (1H, HY,
2.12d.d.d (1H, H, J,,8.3,J; 174 12.3, 3, 175 4),
2.22 d.sept. (1H, K, J;53,,1.3), 2.29 m (1H, H),
2.46d.d.d.d(1H, H?, J, ;2.5), 2.90d (1H, ¥°, 8.9),
3.19 d (1H, H9, 3.48 t (2H, H® HY, 370, =
Jiza178 = dea2 = Jiea 168 12.3), 3.98 d.d (1H,
H'®, Jigp 0 4), 4.25 d.d (1H, W', J55 1 4), 4.45 d
(1H, CH.Ph), 454 d (1H, ®,Ph, 12.5), 5.21 s
(CHPh), 5.41 s (1H, K, 7.257.46 m (10H,
2CHs). 13C NMR spectrum &, ppm): 16.15 (éi)
17.43 (&), 18.26 (G9, 19.37 (C), 20.52 (clcg,
21.24 (G%, 29.70 (), 33.36 (C°), 36.08 (C,
c!9, 36.93 (&), 37.01 (&), 38.05 (C"), 38.63
(C¥), 39.82 (G%®), 45.24 (&), 48.19 (&9, 53.24
(Ch, 55.13 (¥, 71.89 (C7), 73.15 (CY), 74.74
(C?), 79.59 CH,Ph), 107.42 CHPh), 124.91 (&,

126.00, 127.47, 128.26, 128.34, 128.46, 139.09H%), 2.36 d.t (1H, H, J

139.56 (2GHs), 147.46 (C?).

5-Benzyloxymethyl-13, 143-dihydroxymethyl-
5,9-dimethyl-16-isopropyltetracyclo[10.2.2.8°.0*9-
hexadec-15-ene (V). To a solution of 0.55 g
(2 mmol) of compoundV in 10 ml of methanol was
added0.03 g (0.1 mmol) of pyridinium p-toluene-

C NMR spectrum, 6., ppm: 16.00 (és), 17.37
(C%, 18.19 (&9, 19.51 (©), 20.48 (&Y, 21.16

c!9, 36.95 (&), 37.96 (¢, 38.17 (C), 38.63
C®, 39.91 (%), 4559 (@), 48.16 (¥, 53.96
(CY, 54.91 (¥, 61.07 (C), 65.51 (C°), 73.12
(C?9), 79.65 CH,Ph), 124.86 (&), 127.39, 128.31,
138.99 (GH:), 147.61 (C2).

16a, 17a-5-Benzyloxymethyl-17-hydroxymethyl-
5,9-dimethyl-13-isopropyl-14-oxapentacyclo
[11.4.1.3-1°0%°.0%octadecane(VI). To a solu-
tion of 0.26 g (0.47mmol) of compoundV in 5 ml
of methanol at @C was added 0.5 ml of 5% solution
of HCI in methanol, and the mixture was stirred at
20°C for 1 h, evaporated, the residue was dissolved
in 5 ml of ethyl acetate, washed with saturated solu-
tion of NaHCQ, (2x5 ml), with water (5ml), dried
on NgSQ,, evaporated, the residue was subjected to
chromatography (Si9) eluent hexaneethyl acetate,
1:1). We obtained.09 g (40%) ofdiol V and 0.11 g
(50%) of compoundVl. *H NMR spectrumg, ppm
(J, Hz): 0.74 s (3H, ¢H,), 0.85 m (1H, H), 0.91 s
(3H, C'H,), 0.92 d (3H, C*H,, 6.8), 0.97 d (3H,
C'™H,, 6.8), 1.161.67 m (13H, H, H*™ H> C°H,,
C'H,, H® C%H,, H' CMH,, H'S), 1.76 m (2H,
HY, H%, 1.89 d.d (1H, H° 11, 1.8), 2.07m(1H,
21 = J539.5, 164 3.7,
3,168 0), 2.89 d (1H, HC 8.9), 3.20 d (1H, K,
3.48 d.d (1H, H® Jiga 165 8.4), 3.67 t (1H, H,
Jza1 = d7a178 10.3), 3.84 d.d (1H, H, Jy7g,
3.8), 3.95 d (1H, H°, 4.45 d (1H, ®.,Ph, 12.5),
454 d (1H, ®,Ph), 7.2727.39 m (5H, GHx).
13C NMR spectrum &, ppm): 15.79 (¢¥), 16.59

rg]cl“), 30.28 (&), 33.16 (&%), 36.01 (C), 36.30
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(C!9), 16.88 (&9, 17.48 (&), 18.09 (C%, 18.82
(C%, 32.63 (&%), 32.97 (&), 35.94 (C), 36.98
(c'9, 37.41 (&), 37.99 (&), 38.06 (C), 39.17
(C%, 39.52 (@), 41.46 (C%), 48.96 (¥, 51.86
(Y, 54.77 (¥, 60.87 (C7), 67.88 (G, 73.14
(C?9), 79.41 CH,Ph), 84.41 (&%), 127.47, 128.33,
139.03 (GHs).

5-Benzyloxymethyl-5,9-dimethyl-13, 14B-di-
tosyloxymethyl-16-isopropyltetracyclo-
[10.2.2.3-1°.0*9hexadec-15-ene (VII) and 5-benzyl-
oxymethyl-5,9-dimethyl-19-isopropyl-15exapenta-
cyclo[10.5.2.8:100*9 013 17-
nonadec-18-ene (VIIl). To a solution of 0.27 g
(0.8 mmol) of diol V in 2 ml of pyridine at-20°C
in a flow of argon was added by portior&22 g
(2.2 mmol) of tosyl chloride, and stirring at20°C

TOLSTIKOV et al.

125.11 (GY, 127.44, 127.85, 128.05, 128.29,
129.90, 129.96, 132.62, 132.73, 138.94, 144.81,
144.96 (CHCgHs, 2CH,CeH,), 147.00 (C?).

Compound (VIIl). [o]2’ +10.2° (c 2.0, CHCE).
'H NMR spectrum,s, ppm @, Hz): 0.59 s 3H,
C'¥H,), 0.74 s (3H, €%H,), 0.85 m (1H, H), 1.01
d (3H, C**H,, 6.8), 1.04 d (3H, &H,, 6.8), 1.11 m
(1H, HY, 1.241.42 m (8H, H? H® H® C'H,,
H8 HO H'9, 1.47-1.65 m (3H, H, H° H°), 1.78
d.d (1H, HY, 8.8, 2.5),2.05 d.t (1H, H, J, , 8.2,
Ji178 = Ji174 8.5), 2.15 d.sept. (1H, H3 Ji5 4,
1.3), 2.38d.d.t (2H, H, H% 3, 32.6,3, 1655= .16
8.5), 2.86 d (1H, ¥°, 8.9), 3.07 t (1H, H', J;7a 175
8.5), 3.19 d (1H, B9, 3.21 t (1H, HS, 8.5), 3.76 t
(1H, H'), 3.86 t (1H, H), 4.44 d (1H, ®©,Ph,
12.5), 4.53 d (1H, €,Ph), 5.37 s (1H, *), 7.25-

continued for 24 h. Then was added 10 ml of ice7.39 m (5H, GH.). **C NMR spectrum,§., ppm:
water and 2 ml ofether, theseparated viscous oily 15.30 (G%), 16.17 (&), 17.42 (C9, 18.17 (©),
substance was ground with a glass stick till crystalsg.97 (39), 20.14 (G4, 28.66 (&), 33.61 (C9),

formed. The crystalsvere filtered off, washed with
ice water,with cold ether, and dried in high vacuum
at 20C, We obtained.34 g (75%) ofditosylateVII .

From the water-ether filtrate the organic products

were extracted into ethyl acetate x(@ ml), the
combined extracts were dried on J)$0,, evaporated,

36.01 (dg, 36.11 (&Y, 37.04 (©), 37.04 (©),
37.73 (C"), 38.78 (C), 39.39 (G%), 45.70 (&),
48.54 (33, 54.90 (&), 54.90 (¥, 70.75 (),
72.45 (C%, 73.09 (C9, 79.61 CH,Ph), 125.22
(C'Y), 127.33, 128.23, 139.03 (B.), 147.26 (C?).

the residue was subjected to chromatography {SiO  5-Benzyloxymethyl-13, 14B-bis(diphenylphos-

eluent hexaneethyl acetate, 7:3). We obtain@dl1g
(20%) of compoundVIll . The reaction at room
temperature in 3 h afforded 15% of compouvit
and 80% of compoundVIll .

Compound (VIl). mp 60-62°C, [0]2’ +14.3 (c
4.7, CHCL). *H NMR spectrum,s, ppm @, Hz):
0.45 s (3H, G%H,), 0.70 s (3H, €%H,), 0.80 m (1H,
H®), 0.82 d (3H, C*H,, 6.8), 0.85 d (3H, &H,,
6.8), 1.061.55 m (12H, CH,, H* H° C°H,,
C'H,, H® C%H,, H'9, 1.79 m (3H, H, H? H),
2.13 m (1H, @3), 2.45 s (3H, ®,CgH,), 2.46 s
(3H, CH3CH,), 2.58 m (1H, H), 2.86 d (1H, H°,
8.9), 3.16 d (1H, ®), 3.43 t (1H, H', J7a, =
di7a1789-5), 3.58 t (1H, H® Jjgp»= Jiga1688);
4.04 d.d (1H, H® Jig5,2.5), 4.12 d.d (1H, H,
Ji7.14.4), 443 d (1H, €,Ph, 12.5), 4.52 d (1H,
CH,Ph), 5.28 s (1H, &), 7.30-7.78 m (13H, GH,
2CH,). *C NMR spectrum@., ppm: 15.92 (¢9),
17.25 (&), 18.15 (C9, 19.08 (C), 19.77 (C°),
20.92 (C%, 21.74 (LTH,CeH,), 28.54 (C), 32.94
(), 35.11 (), 35.27 (C), 35.87 (Y, 36.88
(C?), 37.96 (C), 38.37 (&), 39.75 (C%), 41.08
(C?), 47.91 (33, 49.27 (C), 55.06 (C?), 68.34
(c'), 70.87 (C%, 73.06 (G9, 79.32 (MH,Ph),

phanylmettg)yl)-S,9-dimethyl-16-isopropyltetracyc|o-
[10.2.2.3-190%9hexadec-15-engIX). A mixture of

9 ml of dioxane,0.69 g (30mmol) of sodiummetal,
and 1.29 g (5.8mmol) of diphenylchlorophosphine
were refluxed at vigorous stirring in an argdiow

for 5 h. The orange dispersion obtained was cooled
to room temperature, and 2 g (2.6mol) of
ditosylateVIIl was addedhereto. Thereaction mix-
ture was stirred for 2 h, and a dispersion of 30 g of
Al,Ogin 70 ml of anhydrous benzene wadded. The
mixture was filtered, the filtrate was evaporated, the
viscous residue containing liganX was ground in
anhydrous ethanol till crystalermation. Thesolvent
was decanted, and the precipitate was recrystallized
from methanol. We obtaine@.65 g (31%) ofcom-
pound IX, mp 132134C, R 0.70 (benzeneethyl
acetate, 9:1),d]%’ -55.4 (c 1.0, CHCL). 'H NMR
spectrumg, ppm (, Hz): 0.58 s (3H, C'H,), 0.73 s
(3H, C'°H,), 0.86-2.32 m (21H, H, H? H® C*H,,
H* C°H,, C°H,, C7Hz, H8, C°H,, C'°H,, C'*H,,
C'H,), 1.11 d (3H, C*H,, 6.8), 1.12 d (3H, EH,,
6.8), 2.49 d.sept. (1H, #, J;3,1.3), 2.87 d (1H,
H?, 8.9), 3.18 d (1H, K%, 4.44 d (1H, @®.,Ph,
12.5), 4.52 d (1H, lelPh), 5.46 s (1H, &, 7.25
7.50 m (25H, 4GH5). %C NMR spectrumyg, ppm
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(J, Hz): 15.95 s (&%), 17.24 s (6), 18.05 s (%, (C*), 38.07 (C), 38.28 (%), 41.05 (&), 48.72
19.36 s (), 20.32 s (&%), 21.31 s (&%, 29.66 s (C? C%), 54.59 (G, C*), 59.79, 60.34 (ZH,CH.,),
(C%, 30.57 d (C® Jjpppp 14), 33.49 s (&), 73.16 (C9), 79.93 CH,Ph), 124.69 (&), 127.13,
35.81 s (G), 36.35 s (CY), 36.81 s (&), 37.71 d 127.25, 128.07, 139.04 (), 147.85 (C?),
(C3 J5py12), 37.85 s (€), 38.31 s (©), 39.26 q 17351, 173.98 (2CO).

(C* Lpg 6, Jopp 14), 4150 d (€ C', 5-Benzyloxymethyl-13, 14B-dihydroxymethyl-
Uepw) = d7pe 9, 47.85 s (€9, 48.09 q (C, 5,9-dimethyl-16-isopropyltetracyclo-
Jpe 8 Jipw 12), 55.06 s (&), 72.90 s (€Y, [10.2.2.0-1°0*Yhexadec-15-engXl). To a suspen-
79.29 s CH,Ph), 124.83 s (&), 127.14, 128.11, sion of 0.4 g(10.5 mmol) of LiAIH, in 20 ml of
139.00 3 s (CHCgHs), 127.83, 128.73 2d [8(;,,,  ether was added dropwise at°®0a solution of 3.1 g
4(PGHs). Jcp 9], 128.24, 128.38 2d [4G., (5.6 mmol)_ of compouno!X in 20 ml of ether, The
4(PCGHs), Jop 7], 132.15, 133.70, 133.78, reaction mixture was boiled for 4 h, 50 ml of ethyl
133.82 4d [égeta 4(PC%H5), ‘]CP 19)’ 137.40, acetat.e Wagdded,then 50 ml of 1 NHC' The
138.22, 140.25, 140.51 4d [%Eo’ 4(PCGH:), Je p organic. layer was separatedyashed with water,
14], 148.04 s (&9). 3P NMR spectrumg,, ppm: dried with NgSO,, evaporated, and the residue was
-10.61, -16.26. Found, %: C 82.18; H7.92. SUbjectEd to Chromatography (%I,OCthfOfOfm).

. . We obtained 2.5 g (95%) of compoupd, oily sub-
Hs,OP,. lcul %: 2.26; H 8.03.
CasHeiOP,. Calculated, %: C82.26; H 8.03 stance, ]2 -2.22 (c 1.0, CHCL). 'H NMR

5-Benzyloxymethyl-5,9-dimethyl-1$,148-  spectrum s, ppm @, Hz): 0.57 s (3H, ¢H,), 0.72
diethoxycarbonyl-16-isopropyltetracyclo- s (3H, C°H,), 0.86 m (1H, H), 0.97 d (6H, G*H,,
[10.2.2.3'1%0*9hexadec-15-eng(X). A mixture of Cl5|-|3, 6.8), 1.161.90 m (14H, H, C4H2, H*? HE,
resin alcohols (20g), 10g of sodiunydride, and 189 ¢S4, C'H,, H® C°H,, C'°H,), 2.00 m (1H, H),
of benzyl bromide in 200 ml of THF werstirred for
5 days.Then 30 ml of methanol waadded, the mix- ggg gq's(ilﬁ' (Hle? 2|1‘F93;]1§1(111H3?402§)9 r3n1(51Hd (T)H
ture was evaporated, the residue was dissolved iﬂ'zo) 359 t,(lH,I—P 3 :’J ' ’1(')) 3.60 m
300 ml of ether,washed with 10% solution of HCI TR LN SLTAL 17A,17B-~/» =
(2x100 ml) and with water (250 ml). Theorganic (2H, H™, H7), 4.41 d (1H|,l|10:_-|2Ph, 12.5), 4.52 d
layer was ‘dried with NzSO,, evaporated, and the (1H. CHoPh). 5.28 s (1H, 1), 7.31-7.28 m (5H,
residue was subjected to chromatography ¢(SiO CeéHs). ~C NMR spectrum,5c, ppm: 15.96 ((%821,
hexaneethyl acetate, 7:3). We obtained 22 g of a17.35 (C), 18.06 (C%), 19.34 (C), 20.62 (C*,
mixture of benzyl ethers of resin alcohols. 7 g of thisC*), 23.36 (&), 32.63 (C3), 35.60 (C), 35.65
mixture and 7 g of diethyl fumarate was heated for 4h(C*%), 36.14 (C), 37.05 (¢*), 37.96 (C), 38.74
to 180°c, the excess diethyl fumarate was distilled off (C'%), 40.03 (C), 44.90 (@), 48.49 (&), 55.53
in a vacuum, and the residue wasibjected to (C!), 55.82 (), 64.35 (G"), 66.98 (G%, 73.24
chromatography (Si¢) hexane). We obtained 3.2 g (c?9), 79.98 CH,Ph), 124.41 (&), 127.21, 127.30,
(31%) of compoundX, oily substance,dly” 27.0° 12814, 139.10 (gH.), 150.07 (.

(c 1.0, CHCL). *H NMR spectrum$, ppm @, Hz):
0'557 s (3H, C%Hy), 91'72 S §§H C%Hy), 0.83 m (1H, 5,9-dimethyl-16-isopropyltetracyclo-
H®), 1.06 d (6H, C*Hy C™Hy 6.8), 1.25 m (6H, 105 5 319 0*Inexadec-15-ene(Xll). To a mix-
2(BOCHZC;t|3), 18529-19.79 mlo(13H, CH,, H™ H>, ture of 3.26 g (7 mmol) of diol XI and 20 ml of
C°H,, C'H,, H™, CH,, CTHy), 2.39 d.sept. (1H, pyridine cooled to-20°C was added by portions in an
H' Ji531, 1.3), 2.55d.d.d (1H, H, J,, 5.9, 3,5 argon flow 4 g (21 mmol) of tosyl chloride, and the
2.7, 3; 45 2.7), 2.75 d (1H, H, J;1,5.9), 285 qd stirrin_g at t_his temperatureontir_lued for 16 h. The
(1H, |-|3, 33227, 33457 Ja3 2.8, 131 1.5), 2.89 d reaction mixtures was poured into 100 ml of water
(1H, H® 9), 3.17 d (1H, H%, 4.04 q (2H, cooled to 5C, the separated oily substance was
OCH,CH,, 7), 4.13 q (2H, O®,CH,), 4.42 d (LH, extracted with ether (860 ml). The combined

1 extracts were dried on N8O,, evaporated, and the
CHoPh, 9), 4.52 d (1H, 8,Ph), 5.36 s (1H, H), residue was subjected to chromatography (SiO

7.24-7.33 m (%H’ GHs). °C NMR spectrum,gc, hexaneethyl acetate, 7:3). We obtained 4 g (74%)
ppm: 14.14 (&), 16.07 (C7), 17.26 (C), 17.96,  of oily compoundXIl, [a]2’ 11.8° (¢ 1.0, CHCL).
19.25 (G4 CY), 19.11 (€), 20.54 (C), 32.64 H NMR spectrum,s, ppm {, Hz): 0.50 s (3H,
(C™), 34.79 (C9), 35.92 (C), 36.06 (C), 37.01 CBH,), 0.67 s (3H, G%H,), 0.73 m (1H, H), 0.82 d

5-Benzyloxymethyl-13, 14B-ditosyloxymethyl-
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(3H, C*H,, 6.8), 0.84 d (3H, ésHﬁ, 6.8), 1.05  10), 55.21 s (¢¥), 72.98 s (&%, 79.73 s CH,Ph),
1.75 m (16H, H, H? H3 C%H, H™ H° C°H,  127.01 s (&Y, 127.11, 127.99, 128.30, 138.90 4 s
C'H,, H% C°H,, C'°H,), 2.13 d.sept. (1H, F%, (CH,CH:), 127.62, 128.87 2 d (8%, 4PGHs,
Jiz11 1.3), 2.40 s (3H, @;CcH,), 2.41 s (3H, J.17), 128.24, 128.58 2d (4G, 4PGHs, Jcp 7).
CHyCqHa). 2.83 d (1H, H° 9), 3.13 d (1H, K%,  131.83, 133.58, 133.84, 134.08 4d (8¢ 4PCGH,
3.28t (1H, H® Ji6a2= = Jiea16810), 3.73 L(1H, 3. ., 19), 136.94, 137.57, 140.16, 140.45 4d {4C
HY, Ji7a1 = Ji7a17810), 4.02 m (2H, H% HY),  4pcH,, Je.p14), 148.50s (&). 3P NMR spectrum,
4.39 d (IH, CHPh, 12.5), 4.50 d (1H, B,Ph). 5 ppm:-17.59,-21.79. Found, %: C 82.35; B.11.
5.16 s (1H, H'), 7.24-7.82 m (13H, QHéé 2CeHs).  C,HgOP,. Calculated, %: G82.26; H 8.03.
CCB Nl'\/;%;p(e}%t)rugc%ppg' ;ggé (20 21817631 5,9-Dimethyl-133, 14B-diethoxycarbonyl-16-
(15)’ 99 (CY), 18.96 (C), 20.36, 20. (3’ isopropyl-5-carboxytetracyclo[10.2.2.61%0*9-
C'%), 21.36 (ZHyCeH,), 21.82 (C), 32.44 (Clb)’ hexadec-15-engX1V). A mixture of 23.5 g ofpine
33.18 (C), 36.09 (CY), 35.95 (C), 36.90 (C°), galipot and14.9 g ofdiethyl fumarate was heated to
37.64 (C), 38.51 (C%), 39.75 (C), 41.14 (C), 180°C for 2 h, the excess diethyl fumarate was
48.23 (G, 49.85 (C), 54.95 (C?), 71.60 (C'), distilled off in a vacuum, and the residue was sub-
72.65 (C%, 73.17 (C%, 79.67 CH,Ph), 123.97 jected to chromatography (Sj0 hexaneethyl
(C'Y), 127.24, 127.32, 127.61, 127.72, 128.13acetate, 7:3)R 0.42. Weobtained 9.5 g (25%) of
129.68, 129.75, 133.20, 133.38, 138.94, 144.54ily compound XIV. *H NMR spectrum,3, ppm
(CeHs, 2CH,), 149.96 (C?). Found, %: C 69.81; H (J, Hz): 0.55 s (3H, ¢°Hy), 1.04 d (6H, C'Hj,
7.48. GgHg0,S,. Calculated, %: (69.73; H 7.54. CM™H,, 6.8), 1.10 s (3H, &Hy), 1.20 m (6H,
a
5-Benzyloxymethyl-1P, 14-bis(diphenyl- 20CHCHy), 1.321.95 m (14H, CHy, H*, CH,
phosphanylmethyl)-5 9-dimethyl-16-isopropyl-  C/Ha C'Hz H™, C'Hy, C7Hy), 2.48 d. sept. (1H,
tetracyclo[10.2.2.(¥1°.04’9]hexadec-15-ene iy, H® J31:1.38),2.53d.d.d (1H, H, 3,,5.9,3,32.7,
A mixture of 9 ml of dioxane0.69 g (30mmol) of ~ Jp4s 2.7), 2.72.d (1H, M J;,5.9), 2.82 q.d (1H,
sodium metal, and..29 g (5.8mmol) of diphenyl- H% J35 2.7, J3 4= 3, ,, =2.8, %13 1.5), 4.01 q
chlorophosphine were refluxed at vigorous stirring in(2H, OCH CHg, 7), 4.12 g (2H, OG,CHy), 5.35 s
an argon flow for 5 h. The orange dispersion obtainec%lH, HY. 13C NMR spectrume, ppm: 14.00 (¢8),
was cooled taoom temperature, and 2 g (208mol) 14 15 (39, 15.88, 20.35 (& 9, 16.86 (C),
of ditosylateXIl was added thereto in ongortion. 54 79 (@), 23.41 (%), 32.58 (C9), 34.41 (A9
The reaction mixture was stirred for 2 h, and asc'oe (C?)’ 36.75 ((:7)’ 37 95 ((fgj 37.48 (é)’
dispersion of 30 g of AlO; in 70 ml of anhydrous 41:12 (dOé), 46.80 (é’), 4é.56 ((:2)” 48.99 (Cga):

benzene wasadded. The mixture was filtered, the
filtrate was evaporated, the residue was subjected 416 (C), 54.45 (C), 60.06, 60.53 (2QH,CHy),

chromatography (Si§) benzeneethyl acetate, 9:1). 124.17 (CY), 148.00 (C?), 173.56 (CO), 174.18
We obtained0.72 g (35%) ofcompoundXlll , R, (CO), 185.23 (CO). Found, %: C 70.98; H2.69.

0.70, h]ZDO 1.8 (c 1.0, CHCY). IH NMR spectrum, C,gH,,0g. Calculated, %: C70.85; H 12.59.

8, ppm @, Hz): 0.58 s (3H, ¢%,), 0.73 s (3H, 5,9-Dimethyl-138, 14B-diethoxycarbonyl-16-

C'H,), 0.87 d (6H, G'H,, C'°H,, 6.8), 0.952.82 Iisopropyl-5-chlorocarbonyltetracyclo-

m (22H, H, H% H?, C*H,, H* C°H,, C°H,, C'H,,  [10.2.2.0-*°.0"%hexadec-15-ene(XV). A mixture

H8a C9H2, Clon, H3 C16|_|2, C17|_|2), 2.89 d (1H, of 2 g (4.2 mmol) of compoundXIV and 1.64 g
H? 8.9), 3.19 d (1H, B, 4.42 d (1H, G,Ph, (12 mmol) of PC} was kept at 28C for 24 h, the
12.5), 4.48 d (1H, @,Ph), 5.29 s (LH, |;|1),_7_21_ excess PGlwas distilledoff, the residue was diluted

13 with toluene and evaporated. We obtained 2.1 g of
7.91 m (25H, 5@Hs). ~°C NMR spectrumpc, ppm o ge oily acyl chlorideXV. IR spectrum, ci:
(, Hz): 15.75 s (€Y, 17.25 s (€), 17.94 (C%), 1725, 1795

15
19426 s (O, 20§30’ 20.87 2s (géa(c ), 22.66 s 5,9-Dimethyl-13B, 14B-diethoxycarbonyl-16-iso-
(CY, 32.19 s (€3, 32.77 d (C® I pep 14), m Rxr | 5

A propyl-5-morpholinocarbonyltetracyclo
3591 s (C), 36.00 s (C), 36.90 s (C), 37.12 s [10.2.2.3+*°.0*Yhexadec-15-engXVI). To a stirred

3 G), 42.81 q  ivpia nf 7 e

(CZ’ J5pg) 13), 37.82 s (8), 38'5% S (17)’ : mixture of 7.4 g (15 mmol) of acyl chloridXV and
(C% J.p1) 6, Lo p2) 14), 41.67 d (%, CY, Ji6p1y= 100 ml of toluene at I was slowly (within 0.5 h)
J7p29). 48.39s (&), 54.43 q (C, Iy p») 8. J1py  added5.31 g (61mmol) of morpholine. The stirring at
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20°C was continued for 16 h. The separated pre16.01 (G%), 17.27 (&), 18.97 (9, 19.25 (©),
cipitate was filteredoff, the filtrate was diluted with  20.82 (G* C9), 23.29 (&), 32.45 (C3), 35.40
100 ml of ethyl acetate, washed with 50 ml of 10%(c3), 35.62 (GY, 36.53 (C), 37.93 (db), 38.25
HCI, with water, theorganic layer was separated, (c% 38.34 (G%), 39.76 (C), 44.69 (C), 48.53
dried on NgSO,, evaporated, the residue was sub-c8y 5547 (), 55.77 (%, 56.26 [(CH),N],
jected to chromatogrqphy (S0 hexaneethyl 63.95 (37), 66.63 (39, 67.28 [(CH),0], 69.62
acetate, 1:1). We obtained.52 g (95%) ofoily c29), 124.05 (@Y, 149.75 (C¢?. Found, %: C
compoundXV, [o]2° 4.8 (¢ 3.0, CHCE). THNMR (&), 124.05 (C), 149.75 (C7). Found, %:

» Plp ™ " ' 75.58; H 10.71; N 3.02. §H,/NO;. Calculated, %:
(6H, C*H,, C'°H,, 6.8), 1.13 s (3H, €H,), 1.17 m , _ ,
(6H, 20CH,CH,), 0.68-1.90 m (14H, éHZ’ H4 5,9-[?|methyl-13h},1|£_l{3-d|tosyrl]ox|ymethyl-161|so-
G, G, Ciiy He, O, G 233 dsep 10D S marmholinomethylietracyclo
\(]1H’2|; ’J‘]13'1% %’32 é;gdlde éil? 5 ;2'1 ggo mixture of 5.5 g (12 mmol) of dioXVIl and 50 ml
232-7, Jp.44 2.7), 2. (_ C 21'2 ) )’1' of pyridine at-20°C in an argon flow was added by
q.d. (AH, M Jg5 2.7, J3 45~ Jg4p 2.8, I3 13 1.5), small portions9.34 g (49mmol) of tosyl chloride.
3.58 Dbr.s (8H, 4CH), 3.96 q (2H, 01@ gHs’ 7);  The stirring at-20°C was continued for 16 h. Then
4.07 g (2H, O®,CHy), 5.31 s (1H, HY). "CNMR (g the reaction mixture was added 40 ml of iwater,
spectrum 8¢, ppm: 13.95 (€7, 2OCHZQH§, , 16.09 10 ml of ether, and theeparated thick oily substance
(C9), 16.22 (C), 18.63, 20.26 (&', C'), 21.86 was ground till crystallization. The crystals were
(C%, 23.27 (&), 32.48 (C3), 34.56 (CY, 35.58 filtered off, washed on filter with 20 ml of icevater,
(C?), 37.10 (C), 37.47 (&), 37.64 (C), 41.10 10 ml of coldether, and dried in acuum (1 mm Hg,
(C'%), 45.90 [(CH),N], 46.40 (C%), 48.92 (&), 40°C). We obtained4.5gog (50%) of compound
49.50 (&), 54.06 (C), 54.86 (C%, 59.89, 60.37 XV, mp 8392°C, [o];” -2.4° (c 4.0, CHCY).
(20CH,CH,), 66.70 [(CH),0], 124.34 (Y, 147.82  H NMR spectrums, ppm (), Hz): 0.48 s (3H,
C% 17351 (CO), 17418 (CO), 177.33 (CO). C Ha), 0.62 s (3H, CHy), 0.79 d (3H, CH,,
() 51 (CO), 18 (CO), 33 ( )'68)081d(3H &H,, 6.8), 0.852.22 m (20H
Found, %: C 72.74; H 9.41; N.52. GH,NO;.  °:P) & » Whig 5:0), U.0oc. '

HY, H? H° C*H,, H*¥ C°H,, C®H,, C'H,, H®
0% . . ’ ’ ) 21 ) 21 21 21 1
Calculated, %: C72.83; H 9.36; N 2.52. CoH,, CH,, H¥ C2%.). 2.39 s (3H, E1.CeH.).

_ 9,9-Dimethyl-13p, 14B-dihydroxymethyl-16- 2 40 s (3H, ®sC¢H,), 2.40 m [4H, (CH)N], 3.24 t
isopropyl-5-morpholinomethyltetracyclo- (1, H Jiea> = Jisa1es 10), 3.62 m [4H,
[10.2.2.0-1%.0" 9|hexadec-15-ene(XVIl). To a Sus- (CH,)0], 3.76t (LH, H’, Jyoa = Ji7a 17610), 4.04m
pension of 1.1 g (28 mmol) of LiAllj in 20 ml of (2H, H', H'7), 5.13 s (1’H Hl)’ 7 26-7.78 m
ether at 20C was added a solution of 7.4 g (14 mmol) ' ' 13~ n ’ o ;

: - (8H, 2GH,). °C NMR spectrum,5-, ppm: 15.79
of compoundXVI in 100 ml of ether. Thaeaction 18 R a @
mixture was stirred for 8 h and wasft overnight at (CH), 17-}9 (15)’ 18.90 (C°), 18.97 (C), 20.14,
room temperaturethen was added 10 ml of ethyl 20.28 (C*, C'), 21.42 (ZH;CeH,), 21.65 (C),
acetate and 5 ml of 50% NaOKolution. The 32.32 (G%), 32.77 (&), 35.17 (CY, 36.47 (C),
separated precipitate was filteraxff, washed with 37.81 ('), 38.20 (©), 38.45 (C%), 39.49 (&),
20 ml of hot dioxane, filtrate was evaporated, the40.82 (&), 48.81 (&%), 49.57 (C), 54.95 (C9),
residue was subjected to chromatography ¢SiO 56.29 [(CH)N], 67.23 [(CI—&)OC;, 69.59 (G%, 71.45
hexaneethyl acetate, 1:2). We obtained 5.8 g (93%)(C'"), 71.64 (¢%), 123.70 (CY), 127.65, 127.75,
of oily compoundXVIl , [a]2” -7.0° (c 4.4, CHCL).  129.65, 129.75, 132.65, 132.83, 144.64 {AQ),
'H NMR spectrum,s, ppm @, Hz): 0.56 s (3H, 149.79 (C3.
C'¥H,), 0.59 s (3H, €%H,), 0.73 m (1H, H), 0.97

14 15

az(%jf_' CHT;" Hg (;a 6C87|)_| 1|'_|1821£E| mclgﬁl;_" compound XVIII  was carried out by standard

! 2 CZ’O ' 2! 2 ,H 2 2/» — procedure on a diffractometer Bruker P4 (Kigir-
1.82 d1(32H’ Hp, 7), 2.15m (1H, M), 2.26 d.sept.  aqiation, graphite monochromator). Crystallographic
(1H, H™, Ji51,1.3), 2.34 m (1H, M), 2.43 m [4H, parameters of compourdVIil : monoclinic crystal,
(CHN)L, 283 t (L1H, H® Jiga2= Jiea1ee 10), a 11.544(2), b  11.192(2), ¢ 15.857(3) A, P
3.44 t (IH, H', ;a1 = = Ji7a17810), 3.57. m  105.90(1), V 1970.3(6) A°. C,HcN,O,S,. M
(1H, H'9), 3.62 m [4H, (CH),0], 3.83 m (1H, H),  754.02,Z 2, d 1.271 g/cmi, p 0.186 mm?, crystal
5.25 s (1H, HY). 3C NMR spectrum,5., ppm: size 0.70x0.17x0.12 mm. Intensities of 3646

X-ray diffraction study of the single crystal of
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Table 3.Coordinatesx 10%) and equivalent thermal factors independent reflections withé2 50° were measured,
(A% x10%) of nonhydrogen atoms in molecux/Il|

Atom X y z U,
s 3668(1) | 3024(2) 2411(1) 53(1)
g 573(2) | 4952(2) 4884(1) 57(1)
N' | -3855(4) | -2032(6) 2366(3) 49(1)
O' | -3572(5) | -3756(5) 3776(3) 68(2)
o’ 2529(4) | 3640(5) 2604(3) 54(1)
o’ 4252(4) | 3987(6) 2102(3) 76(2)
o’ 3289(4) | 2002(6) 1881(3) 70(2)
o’ 448(4) | 3770(5) 4350(3) 57(1)
o° -24(5) | 5875(5) 4330(4) 76(2)
o’ 1830(4) | 5019(7) 5308(3) 84(2)
ct | -1697(5) | -183(7) 590(4) 45(2)
C*> | -2609(6) | -1080(7) 54(4) 55(2)
Cc® | -3362(6) | -1598(6) 618(4) 54(2)
C' | -4020(6) | -679(6) 1036(4) 47(2)
C® | -3074(5) 255(5) 1528(4) 36(2)
C® | -3573(5) | 1250(6) 2004(4) 43(2)
C’ | -2574(5) | 1862(6) 2672(4) 40(2)
C® | -1632(5) | 2415(6) 2265(4) 35(2)
C® | -1237(5) | 1511(6) 1664(3) 34(2)
C* | -2262(5) 827(6) 997(4) 37(2)
C" | -310(5) | 2127(6) 1264(4) 43(2)
c* -64(5) | 3422(6) 1597(4) 40(2)
c® 458(5) | 3415(6) 2600(3) 37(2)
C* | -446(5) | 2747(6) 3001(4) 38(2)
C® | -2033(5) | 3538(6) 1761(4) 37(2)
C* | -1251(5) | 4084(6) 1406(4) 40(2)
CY | -1467(6) | 5206(7) 880(4) 54(2)
C'® | -1524(6) | 4961(9) -80(4) 67(2)
Cc® | -531(8) | 6157(8) 1270(6) 80(3)
C* | -2944(5) | 1659(6) 256(4) 46(2)
C* | -5093(6) | -126(8) 318(4) 63(2)
C* | -4621(6) | -1319(6) 1661(5) 52(2)
C® | 1709(5) | 2873(7) 2919(4) 45(2)
C* | -706(6) | 3447(7) 3741(4) 50(2)
C*® | -4016(7) | -1735(7) 3225(4) 60(2)
C* | -3301(7) | -2533(7) 3942(5) 67(2)
C* | -3352(7) | -4060(8) 2963(5) 69(2)
C® | -4111(7) | -3327(7) 2222(5) 61(2)
C*® | 4548(5) | 2570(7) 3435(4) 45(2)
C* | 5149(6) | 3409(7) 4044(5) 61(2)
C¥® | 5845(6) | 3043(8) 4843(5) 66(2)
C¥ | 6001(6) | 1856(8) 5066(4) 56(2)
C® | 5417(6) | 1031(8) 4455(5) 59(2)
C* | 4692(6) | 1407(7) 3642(4) 52(2)
C® | 6783(7) | 1469(9) 5956(5) 81(3)
C*® | -215(6) | 4675(6) 5663(4) 47(2)
c¥ 325(6) | 3976(7) 6375(5) 59(2)
C*® | -258(7) | 3745(8) 7001(4) 62(2)
C¥ | -1385(7) | 4239(8) 6934(5) 62(2)
C* | -1897(6) | 4928(8) 6217(5) 62(2)
C*" | -1327(6) | 5146(7) 5576(5) 59(2)
C* | -2001(8) | 4006(10) 7657(5) 96(3)

scanning by/26. A correction for crystafaces was
introduced by integration method (transmiss@7-
0.99). Thestructure was solved by the direct method
using SHELXS-97program. Thefinal refinement of
parameters was carried out by least-squares procedure
in the full-matrix anisotropic for nonhydrogen atoms
(isotrgpic for hydrogen atoms) approximation along
all F<. The positions of hydrogen atoms were
determined from geometrical considerations (rider
model). Thefinal values ofR-factors are as follows:
WR, 0.1192,S0.976 for allreflections R 0.0566 for
22541> 25). The absolute structure parameter (Fluk
parameter) equals to 0.08(14) indicating that the
structure is sufficiently reliablysolved. The co-
ordinates of nonhydrogen atoms of the molecule of
compoundXVIIl are listed in Table3,the structure
of the molecule is presented iRig. 2.

13B,14B-Bis(diphenylphosphanylmethyl)-5,9-di-
methyl-16-isopropyl-5-morpholinomethyltetracyclo-
[10.2.2.3-1°.0"9hexadec-15-ene(XIX).” A mixture
of 9 ml of dioxane,0.69 g (30mmol) of sodium
metal, and 1.29 g (5.8nmol) of diphenylchloro-
phosphine were refluxed at vigorowtirring in an
argon flow for 5 h. The orange dispersion obtained
was cooled toroom temperature, and 1.96 g
(2.6 mmol) of ditosylateXVIIl was added thereto in
one portion. Theeaction mixture was stirred for 2 h,
and a dispersion of 30 g of AD; in 70 ml of
anhydrous benzene waadded. The mixture was
filtered, the filtrate was evaporated, the residue was
ground in 10 ml of methanol till crystallization. The
solvent was decanted, the precipitate was recrystal-
lized from ethanotbenzene, 4:1. We obtain€d65 g
(32%) of compoundXIX, mp 154-156°C, R 0.70

(benzene ethyl acetate, 9:1),o%° -32.7 (c 1.0,
CHCIl3), mp 154156°C. 'H NMR spectrum$, ppm
(J, Hz): 0.63 s (3H, &H,), 0.71 s (3H, C%™H,),
0.90 d (6H, C*H,, C'®H,, 6.8), 0.652.85 m (22H,
H, H% H3, C4H23, H* C°H,, C°H, C'H, H®
C%H,, CH, HY C®H, C'H,), 1.82 d (2H,
C®H,, 7), 2.45 m [4H, (CH)N], 3.70 m [4H,
(CH,)0], 5.30 s (1H, HY), 7.22- 7.76 m (20H,
ACH:). ®CNMR spectrumg., ppm (@, Hz): 15.87 s
(c'®), 17.35 s (€), 19.13 s (&9, 19.43 s (&),
20.34, 20.57 2s (& C), 22.12 s (&), 32.55 s
(C"), 32.90 d (C*®, Jypap(r) 13). 35.28 d (€, I3y
12), 35.90 s (&9, 36.46 s (C), 37.74 s (cfb),
39.25 s (C), 39.71 s (€), 41.69 d (C® CY, Jjgp(
= Jizpe 9), 42.70 q (€, pq) 8, drpp) 12),
48.32 s (€9, 54.38 q (C, Jyp) = J1p@)8). 55.32
s (C*), 56.22 s [CH,)N], 67.21 s [CH,)O], 69.29 s
(C%9), 126.73 (CY, 127.71, 128.61 2d (8G
4PGHs, Jop 28), 127.99, 128.17 2d (4G,
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Fig. 2. Crystal structure of compoundVIll according to X-ray diffraction analysis.

4PGHs, Jc p 7), 131.69, 132.20, 133.61, 134.08 4d Complex XXI. Under the conditionsused in
(8Ceta 4PGHs, Jc p 19), 137.13, 137.57, 140.55, preparation of compleXX from 0.06 g (0.12mmol)
140.96 4d (4Gsp 4PGHg, Jc p 15), 149.92 s (&. of di-p-chlorobis(1,5-cyclooctadiene)dirhodium,
3P NMR spectrum, 8, ppm: -18.91, -21.96. 0.16 g (0.24mmol) of bisphosphineill , and 1 g of
Found, %: C 79.97; H 8.45; N..84. G,HgNOP,, ~ NaBF, we obtained).16 g (64%) ofcompoundXxI,
Calculated, %: C79.86; H 8.38; N 1.79. orange crystals, mp 218 (decomp.).”P NMR
) spectrumgdp, ppm @, Hz): 14.26 d.d (1PJg;, p 138,
Complex XX. A mixture of 0.06 g (0.12mmol) of 3, 30), 19.05 d.d (1P,Jx,p 143). Found, %:

di-p-chlorobis(1,5-cyclooctadiene)dirhodium, 20l Rh 9.23. G H-RF,0P,Rh. Calculated, %: RI9.35.
of 1,5-cyclooctadiene, and 15 ml of dichloromethane

was boiled for 1 h, cooled tooom temperature, and ~ Complex XXII. - Under the conditionsused in
0.16 g (0.024mmol) of bisphosphinéX was added. Preparation of compleXX from 0.06 g (0.12mmol)
The reaction mixture was stirred for 2 h, andau- O di-p-chlorobis(1,5-cyclooctadiene)dirhodium,
tion of 1 g of NaBF, in 5 ml of water was added. 0-18 g (0.24mmol) of bisphosphin&IX, and 1 g of
After stirring for 3 h the water layer was separated,NaBF, we obtained.15 g (56%) ocompoundXXll ,
the organic phase was dried with }$©, and dark-yellowcrystals, mp 228C (decomp.)” P NMR
evaporated. To the residue wamdded 5 ml of SPECUUMSp ppm @, Hz): 19.88 d.d (1PJgy p 142,

methanol, 10 ml of water, the mixture was stirred foréP4P537)’H24m2:9Ng'g IRE%]PJ(E{h'IP 1I4':1)d ngn%r;/oé?h
1 h at 20C, the precipitate was filteredff, washed -45.GooH7 K, 2RN. Lalculated, . e

with 5 ml of water, and dried in @acuum (1 mm Hg, Hydrogenation of (Z)-2-acetylaminocinnamic
40°C). We obtainedd.17 g of complex XX, orange acid XXIIl. To a solution 0f0.62 g (3mmol) of acid
crystals, mp 208C (decomp.).3'P NMR spectrum, XXIIl in 10 ml of anhydrous ethanol was added
8p, ppm (, Hz): 35.57 d.d (1PJg, p 116, 28), under hydrogen flowd.03mmol of complexXX. The
39.49 d.d (1P,Jgyp 121). Found, %: Rh9.48. mixture was shaken gi(H,) 1.5 at, then the solvent
Cg3H-6B8F,OPRN. Calculated, %: RIO.35. was evaporated, and the residue was subjected to
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chromatography (Si§) chloroform-methanol, 15:1,
then 10:1, 1:1). Similarly was carried out the
hydrogenation in the presence of complex¢xl,
XXII . The hydrogenation results are given in Table 1.

Hydrogenation  of  2-acetylamino-3-(3,4-di-
methoxy-1-phenyl)-2-propenoic acid (XXIV).To a
solution 0f0.82 g (3mmol) of acidXXIV in 10 ml of
anhydrous tetrahydrofuran was added under hydroge{;5
flow 0.03 mmol of one of the complexeXX-XXII .

The mixture was shaken gi(H,) 1.5 at, then the

solvent was evaporated, and the residue was subjectég '

to chromatography (Si§) chloroform-methanol,
10:1, then ethyl acetate). The hydrogenation results
are given in Table 1.
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