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Abstract—The nickel(ll) complexX3 containing a 14-membered macrocyclic triphosphine phosphinate ligand is obtained by regioselective
oxidation of the crown phosphine nickel(ll) compl2z with molecular oxygen. The X-ray structure ®H,0 (space group2;/c) has been
determined. Oxidation of the macrocyclic phosphinous acid nickel(ll) compéefP, donor set) with HO,/HCI or Br, and subsequent
demetallation affords the macrocyclic phosphinic agitReaction of its methylestérwith thionyl chloride and subsequent reduction with
LiAIH 4 gives the novel macrocyclic PH functional tetradentate phosghinéigh yields.© 1999 Elsevier Science Ltd. All rights reserved.

Introduction Demetallation of the macrocyclic phosphine complexes
should, however, be much easier after oxidation of their
In a series of papers we have described the high yield phosphorus atoms since phosphine oxides generally form
syntheses of complexes of macrocyclic tetradentate phos-weaker complexes than the corresponding phosphine
phine ligands (e.gA, B) by template mediated coupling ligands. Besides molecular oxygen, hydrogen peroxide
reactions of open chaim,w-PH functional phosphines and bromine have also been considered as reagents for the
with bifunctional halideso- or B-diketones and divinyl-  oxidation of the nickel(ll) complexes of tygg in aqueous
phosphines® Macrocyclic tetradentate phosphine oxides solution. Reduction of the macrocyclic tetradentate
(e.g.C) have been obtained by Vincens etfand Horner phosphine oxides obtained by oxidative demetallation
et al” in low yield multistage syntheses. Due to the strong should finally lead to the crown phosphine ligands with an
macrocyclic effect of crown phosphines their complexes isocyclan? type structure.
show an extreme stability in solution, both kinetic and
thermodynamic in nature. Decomplexation of the phosphine Complexes of macrocyclic tetradentate phosphines and
ligands with potassium cyanide could be achieved only in Qhosphine oxides incorporating radioactive nuclides like
those cases in which the macrocyclic ring system contained **Tc or °Pd are of increasing interest as model compounds
the kinetically more labile seven membered chelate rthgs. for radiopharmaceuticals used in tumor targeting and
diagnostic nuclear medicin@:**

d : .
[;\(:p\’i;p\::@ Results and Discussion
Mé Me cr
& Selective oxidation of the macrocyclic nickel(ll)
M . . ((CHz)S. . phosphine complex 2c
Br TW \P“oo”P/ The work reported in this paper is based upon the macro-

PhP-Ni—F —OH C 00, cyclic aminophosphine complegt obtained by template

|\) /PK iy assisted cyclization of H(Me)P—(GH-P(Ph)—(CH)s—

P; Br R (CHZ)n} R P(Me)H with (CH—CH),P—NE% (Eq. (1a)) (Scheme 1).
B Me C (n=2, 3; R = Ph, M¢) The derivative®a, 2b were synthesized by periphery reac-

tions (Eq. (1b) and (1c)) ot in almost quantitative yield.
Keywords regioselective oxidation; macrocyclic aminophosphine complex. For the. OXIdathn reactions of the pomp_lem 2b Only .
* Corresponding author. Tel.:-49-202-439-2517; fax:+49-202-439- those diastereoisomers were used in which the macrocyclic
2517. ring system had the aflis configuration (isomers I). This is
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Scheme 1.

indicated by the almost identical AM type **P{*H} NMR formation of 3 from 2c. No P(A)-P(X) coupling fine
spectra (A=P(Ph), M=P(Me), X=P(OH) or P-O’; Table structure is observed in the P(A) and P(X) part of the
1) of 2a—c (which are interrelated by exchange of the apical 3'P{*H} NMR spectrum of3. In the starting materialc,
halogen atoms (Eq. (1c)) and deprotonation of the P—OH however, the spins of the P atoms P(A) and P(Xjrans
unit (Eq. (1d)) and was proved f@a by an X-ray structural position are strongly coupled to each othéd(R(A)—
analysis! P(X))=195 Hz). These spectroscopic data are consistent
with the structure proposed f& The oxidation of2c to 3
Complex2c was chosen primarily for the oxidation with  proceeds regioselectively at P=0the additional oxygen
molecular oxygen. If oxygen gas is bubbled through the atom being inserted between Ni(ll) and P=@ith forma-
solution of 2c in water at 10€C for a couple of days, the tion of two six membered chelate ring systems [P(Me)—
mono-oxidation produc? is obtained (Eg. (1€)) in addition  (CH,),—PE&QO)—-0O-Ni] instead of the five membered in
to products of the exhaustive oxidation (see below). At 2c. As a consequence of the ring expansion from five to
ambient temperature, howeveét turned out to be stable  six*? the 3!P{*H} NMR signals of P(X) and P(M) ir8 are
towards molecular oxygen. No significant reaction was shifted upfield with respect t6P(X) and6P(M) of 2c.
observed even in the course of a month. The mono-
oxidation product3 shows an AMX type *P{*H} NMR Peroxide type complexes, e.p, have been proposed as
spectrum (A=P(Ph), M=P(Me), X=P-0O"). While the 6P intermediates for the transition metal catalyzed oxidation
values for P(A) in2c (2.5 ppm) and3 (13.1 ppm) differ of phosphines by dioxygelt. Similar intermediates (e.g.
only a little, the**P{*H} NMR signals for P(M) and P(X) E) may be anticipated for the oxidation of the macrocyclic
are shifted upfield by ca. 40 or 120 ppm, respectively, on complex2caccording to Eq. (1e), which are formed initially

Table 1. *P{*H} NMR data for 2a—6, 8. Chemical shiftsSP relative to HPQ, (85%); coupling constants in Hz, solvens®, if not stated otherwise. For
indication of P atoms see formukb, 4

S5P(A) SP(L) S5P(M) SP(X) J(AL) J(AM) J(AX) J(LX) J(MX)
2a (isomer I} 9.9 43.7 211.4 63 200 36

2b (isomer 1) 3.2 38.3 195.4 62 197 36
2c (isomer 1) 25 38.4 177.1 59 195 36

3 13.1 —-55 55.9 85 <1 7

4 (isomer 1) 49.2 58.5 42.1 5 57
(isomer 1) 49.0 58.6 42.2 5 56
(isomer 111) 49.0 58.2 58.4 42.7 5 5 55 55

5 (isomer 1) 49.1 58.0 51.0 ca. 5 ca.58
(isomer 1) 49.0 58.1 51.2 ca. 5 ca.57
(isomer 111) 49.0 57.8 58.0 52.0 ca. 5 ca. 5 ca. 57 ca.57
6 (isomer I) 48.9 57.2 57.4 63.9 5 5 59 57
(isomer 1) 48.9 57.1 57.6 63.9 5 5 58 59
(isomer 111) 48.9 57.6 63.1 5 59
(isomer 1V) 49.0 57.5 63.0 5 60
(isomer V) 48.8 57.3 63.0 5 58

8 (isomer I —24.0 —39.7 —60.4 2 11
(isomer ||)b -24.1 —-39.4 -53.9 2 9
(isomer III) —24.3 —38.2 —40.0 —57.2 2 <1 18 13
(isomer IV —24.4 —38.2 —40.6 —58.3 2 <1 11 17
(isomer V/VI)P —26.0 —40.2 -53.3 <1 12
(isomer V/VI)P —26.7 —40.8 —-61.4 <1 12

2Solvent HO/HBr.
b Solvent GDs.
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Figure 1. Molecular structure 08-H,0.

by addition of Q to the Ni—P(X) bond, the Clligand being of 3 by oxidation of2c* the conformation of the macrocycle
split off simultaneously. Hydrolysis of the ND-O-P with respect to the position of the substituents at the P atoms
peroxo bridge should afford the mono-oxidation proddict P(1)-P(4) is not changed, the als arrangement being
and hydrogen peroxide. adopted in both cases.

As a result of steric and electronic effecafisinfluence}*

of_the oxygen atom O(1) inserted into the Ni—_P(l) bond, the

The nickel atom in3 is bound to three P atoms and_the “::Eg)4()j|st?2n'<i(33|§(1cg)mprgéls;agl(blyzo)g)AO?é\AmlglotEg;tgg

oxygen of the 14-membered macrocyclic ligand in a compared with the_corresponding Ni—P bond length&an

distorted square planar arrangement (P(1)-Ni—P£,4) (2.166(2) 2159(2;/)\1

94.19(4), 96.25(2), O(1)-Ni—P(2#486.12(8), 86.09(8) ' T

(aF;;?é nle -I:I%b;e(jsisztairc]g g%'tﬁ‘él rllaic?(téjlrgfofrﬂ?rgorgi}]eedbgi&tlg)l/alrr\]eThe for{rgation of a four membered phosphinato chelate ring
' : o X system,” {[-(CH),].,P—O—-Ni-0}, ishampered by steric

through P(1), P(2), P(3) and P(4) is 0.208@n formation o nstraints due to the macrocyclic structure3ofWithin

Table 2. Atom positional parameters with equivalent isotropic displace- the Ni-O-P=O gr;ou_p the .e.XOCyC”C P—O bond distance
ment parameters (A10°%) for 3-H,0 (“equivalent isotropic U defined as one (P—Q(Z):1-486(3) A is significantly shorter than the endo-
third of the trace of the orthogonalizéd) tensor) cyclic (P-O(1)1.545(3) A and may be compared with

that in PhPEQ) %]6'46(1) A'® and PBP(EO)(OH)

X-Ray structure of 3

X Y z Uea) (P=0)=1.486(6) A*® indicating a higher degree of
Ni 7035(1) 8493(1) 8637(1) 27(2) (P—O)r contribution in the exocyclic P—O bond. The
cl 8271(1) 11531(2) 10135(1) 62(1) Ni—O(1) dista_nce (1.909_(2) 7'3 within the range j[ypicl?l
Eg; %2353 2;3323 gg%gg gg&; for covalent nickel alkoxide&’® carboxylates (terminal)

; ; c

Pi3) 8450(1) 8485(1) 87811 31 ando-phosphinates (terminal)’
P(4) 6615(1) 10409(1) 7851(1) 32(1) o o )
0o(1) 5735(2) 8198(3) 8351(2) 33(1) Exhaustive ligand oxidation in the crown phosphine
0(2) 4354(2) 8604(3) 8730(2) 48(1) complex 2a
0(3) 3379(4) 7013(5) 9445(3) 124(2) P
gg; gégggg ﬂggégg ggiégg iggg Using strong .oxidizing agents Iike_z ZB?/HCI or Br in
c@3) 7481(3) 11626(4) 7766(3) 47(1) agueous solution the crown phosphine ligand in the complex
C(4) 8292(3) 10811(5) 7694(3) 53(1) 2a(or 2b) can be completely oxidized. The phosphine oxide
g% ggg?gg 13%82((;)) gggg((g; jg((g complexes formed may be demetallated by precipitation of
&) 9208(3) 6705(6) 10191(3) so(1) Ni(Il) as insoluble Ni(OH) with potassium hydromdg (Eq.
c(8) 8408(3) 6784(6) 10459(2) 6o(1)  (2a)) (Scheme 2). On protonation of the macrocyclic potas-
C(9) 6479(3) 7457(5) 10095(3) 4g8(1)  Sium phosphinatd obtained as an intermediate according to
C(10) 6129(3) 9041(5) 9867(2) 41(1) Eq. (2a), the phosphinic achlis formed in high yields (Eq.
C(11) 5805(3) 10003(5) 6821(2) 46(1)  (2¢))
C(12) 6956(4) 5072(5) 9238(3) 66(1) '
88431; 3232% Zgggﬁg 3%33% 238; The product was isolated as HCI adduct containing small
C(15) 9515(3) 5453(6) 7726(3) 59(1) amounts of HBr bound to the phosphine oxide units (compo-
gg% %gg% gg%g ;égggg ggg; sition 5-1.2HCI-0.15HBr-5D). HCI and HBr coglsd not be
c(is) 7778(3) 6367(4) 7562(2) 22(1) removed completely by heating in vacuo {8010 ° mbar).

Phosphine oxides form thermally stable adducts with
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Table 3. Selected distances JAand bond angles)in 3-H,O

Ni-P(2) 2.1932(12) Ni-P(3) 2.1235(11) Ni—P(4) 2.1761(12)
Ni—O(1) 1.909(2) P(1)-0(2) 1.486(3) P(1)-0(1) 1.545(3)
P(1)-C(1) 1.807(4) P(1)-C(10) 1.804(4) P(2)-C(9) 1.844(4)
P(2)-C(8) 1.815(4) P(4)-C(2) 1.822(4) P(4)-C(3) 1.810(4)
c(1)-C(2) 1.525(5) C(9)-C(10) 1.542(6) P(3)-C(5) 1.824(4)
P(3)-C(6) 1.821(4)

P(4)-Ni-P(2) 163.71(4) P(3)-Ni-P(2) 94.19(4)

P(3)-Ni-P(4) 96.25(4) O(1)-Ni-P(3) 168.65(8)

O(1)-Ni-P(4) 86.09(8) O(1)-Ni-P(2) 86.12(8)

Ni—O(1)-P(1) 116.52(14) 0(2)-P(1)-0(1) 114.4(2)

C(11)-P(4)- Ni 113.6(2) C(12)-P(2)-Ni 112.3(2)

C(10)-P(1)-C(1) 110.6(2) C(6)-P(3)-C(5) 102.3(2)

hydrogen halides. Thus BP—O-HCI, which was character-
ized by X-ray structural analysis, eliminates HCI even
at 60C only very slowly®® The composition of the hydro-
gen halide adduct o6 was determined by titration with
KOH. The potassium sa#t isolated from this solution still
contains small quantities of potassium chloride and
bromide.

Although only the alleis isomer oRawas employed for the
oxidative demetallation reactions according to Eq. 2(a)—(c)
three isomers of the phosphine oxideand5 are formed.
The*P{*H} NMR spectrum of the aqueous solution4fn
addition to the 10-line pattern of two AN spin systems
shows a set of 14 lines corresponding to one ALMX spin
system, indicating the formation of isomers with equivalent
or inequivalent MeR€O) groups, respectively (Table 1).
The assignment of the signals of the AXfland ALMX spin
systems is based on intensity arguments and3tRe3'P
coupling fine structure. While the signal for=PQ)O™ (X)
appears as a triplet with a splittingJ(PP)=55-57 Hz)
typical for systems with P€O)—C—C—P¢O) fragments?’

a doublet of doublet fine structure is observed for the
MeP&O) units (L, M). The signals at ca. 49 pgm showing
a small triplet splitting of about 5 Hz*J(PP))® may be
assigned to PhP£O). Protonation o4 has no significant
effect on thedSP values of P(A) and P(L,M) while the signal
of P(X) (PE0)O") in 5 is shifted downfield by ca. 9 ppm
(Table 1).

The formation of the additional AMK and the unsymme-
trical ALMX diastereoisomer oft or 5 on oxidation of2a
with H,O,/HCI or bromine must be due to inversion of
configuration at the phosphorus atoms of the R\
groups (R=Me, Ph) of the macrocyclic ring system in the
acidic media. Racemization of optically active phosphine
oxides RR?R®P(=0) under the influence of acids gHCI
HBr) and peroxides was first reported by Horner et%&
and Denney et &%

Me

169
Q\)

ME4

If 2a (or 2b) is oxidized with HO, in neutral or basic
medium after demetallation one AM diasterecisomer
(I) of 4 is obtained preferably, however, as indicated by
the **P{*H} NMR spectrum. Under these conditions, race-
mization at the phosphorus atoms obV|oust occurs much
more slowly than in acidic media. This is in agreement
with the observations of Horner et & who found, that
(—)-methyln-propylphenylphosphine oxide is configura-
tionally completely stable in MeOH/NaOH, while in
concentrated HCI it racemizes very quickly. On heating
isomer | of4 with concentrated HCI, three diastereoisomers
are formed by inversion of configuration at phosphorus. The
31p{'H} NMR spectrum of the reaction mixture (after addi-
tion of a slight excess of KOH) shows the line patterns of
two AM, X (I, 1) and one ALMX spin system (lll) of4 in
about the statistic ratio of 1:1:2 (Fig. 2).

Acidification of 5 and subsequent reaction with trimethyl
ortho-formate HC(OMe) yields the methyl ested of the
macrocyclic phosphinic acicd (Eg. (2d)). Four main
diastereoisomers, showing AM (two) and ALMX line
patterns (two) can be identified in th&P{'H} NMR
spectrum of6. Further resonances of low intensity may
be attributed to an additional diasterecisomer XW
While the 8P values of P(A) (PhREO)) and P(L,M)
(MePE&Q)) are changed little on formation @& from 5,
the *'P{*H} NMR signal of the P(=0)(OMe) group of6,
lying in the 8P range typical for dialkylphosphinic
acid esters FPEO)(OR)? is shifted about 12 ppm
downfield compared with6P(X) in 5. The S|gnals
observed a®C=52.5-53 ppm {J(P(X)-C)=7 Hz) in the
3c{*H} NMR spectrum of6 may be assigned to the OMe
group in 6.

The mass spectrum éfexhibits the parent ion peak ate
466 and fragment peaks at'e 451 (M"—CH,) or 435
(M " —OCH;) indicating that the periphery reaction accord-
ing to Eq. (2d) was indeed successful.

L) /> ”
(23) (/\) (20) il
1 ii L/O\) (Zd) iv
@M i

(2b) i, ii, iii f Mc SW

Ph—=P=0 0 P—OH Ph— *O O P—OMe

Simes

Me

i) HyO,/HCl or Bry; ii) KOH, - Ni(OH),; iiii) HC; iv) KOH; v) HCL, HC(OMe);

Scheme 2.



T. Lebbe et al. / Tetrahedron 56 (2000) 157-164 161

T [ D — T T T T T T T T T ] T T 1 T T T T
60 58 56 54 52 50 48 46 44 42 40

(ppm)
Figure 2. 161.89 MHZz*'P{*H} NMR spectrum of4 (solvent water; Zisomer |, 2=isomer Il, 3=isomer III)

Synthesis of the tertiary secondary crown phosphine 8 The chemical shift valuessF (ca. —76 ppm) or 6P
(ca. 73 ppm), respectively, for the RQ)F unit and the
The macrocyclic phosphinic acid estér accessible by J(P-F) coughn? (ca. 1020 Hz) observed f@b in the
template assisted ring closure and periphery reactions'F{*H} and *'P{*"H} NMR spectrum are in ranges typical
(Eg. 1(a) and (b)), oxidative demetallation (Eq. (2b)) and for phosphinic acid fluorides.
O-methylation of5 (Eq. (2d)) in high yields, was expected
to give the macrocyclic PH functional phosphigeon The macrocyclic tertiary secondary phosphgrsynthesized
reduction with LiAlH,. according to Eq. (3a) and (3c) was obtained as a mixture of,
mainly, two symmetrical (I, Il) and two unsymmetrical
All attempts to synthesizé by direct reduction of the  diastereoisomers (lll, 1V) as indicated by the observation
phosphinic acid este® with LiAIH 4 were not successful, of two AM,X and two ALMX line patterns in an intensity
however, probably due to the very low solubility 6fin ratio of about 5:7:3:3 in thé'P{*H} NMR spectrum (Table
suitable solvents like ether or tetrahydrofuran. On treatment 1). While the signals for P(X) (P—H group) show triplet fine

of 6 with excess thionyl chloride a produtais formed (Eq. structure $J(PP)) in case of the symmetrical isomers, a
(3a)) (Scheme 3), which in contrast@aeacts cleanly with doublet of doublet splitting was observed for the unsymmet-
LiAIH 4 at 20C to give the macrocyclic phosphi®dn very rical diastereoisomers. The P(Me) groups in the symmetri-

good yields (Eq. (3c)). Chlorination of phosphinic acid cal isomers give rise to only one resonance (P(M), doublet
esters with SOGlis a well established synthetic route to of doublets), for the unsymmetrical isomers with inequiva-
phosphinic acid chloride¥. lent P(Me) groups two sets of signals (P(L,M)) being
observed, however. Two additional diastereoisomers (V,
The 3*P{*H} NMR spectrum of7a, dissolved in DMSO, V) are formed in lower quantities (each about 5%) in addi-
shows broadened resonances witR—>'P coupling fine  tion to the major isomers I-IV. Isomers V and VI may be
structure which may be assigned to three dlastere0|somersaSSI%ned to a symmetrical structure as evidenced by the
(§P(Me) ca. 54 ppmsP(Ph) ca. 41 ppm andP(Cl) ca. P coupling triplet fine structure of the signals for
50 ppm). No complete assignment of the individual P(X).
3P NMR resonances could be achieved due to signal over-
lapping and line broadening. For a further identification of The large doublet splitting'§(PH)=190—200 Hz) of the
the intermediat@a it was transformed into the fluoro deri- resonances in the-50 to —65 ppm range of thé'P NMR
vative 7b by CI/F exchange with NaF in DMSO (Eq. (3b)). spectrum supports the assignment of tHe{*H} NMR

lYIe
(\ P SOCl (\u/» NaF/DMSO (\ (\ />
o (excess) 700(; B
Phi \) —OMe ———> Ga) hL/ \) Cl ——> G3b) Phil’/ JP—F Phi/ \)
i i I

Me AN\ LiAlH, Go) Me

Scheme 3.
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resonances and proves the structure given above for theExhaustive oxidation of 2a. Preparation of 5
macrocyclic secondary tertiary phosphiie In the mass
spectrum of 8 intense peaks for M—-H=371, To a solution of 3.00 g (4.94 mmol) d?a (isomer [) in
M*—CHy=357 and M —C,H,=344 m/e are observed. 100 mL of HO excess bromine (12.0 g; 75.1 mmol) was
Vapor phase osmometry gave an apparent molecular weightadded dropwise and the reaction mixture was stirred for
of 376 in CHCI, (theoretical 372). 4 h at ambient temperature. After evaporation of all
volatiles, 0.1N KOH was added until the reaction mixture
Only a very few examples for PH functional macrocyclic showed a pH value of 8—9. The nickel(Il) hydroxide formed
phosphines and their Mo(C®)complexes have been was filtered off and the filtrate evaporated to dryness in
reported in the literature so faf.Kyba and Litf*®obtained ~ vacuo. The solid residue was extracted twice with 40 mL
the 11 membered ditertiary secondary phosphine a of ethanol. After addition of 1 mL of conc. HCI the solvent
multistage high dilution macrocyclization of o was removed in vacuo. The solid obtained was extracted
PhPLi»CgH, with bis(3-chloropropyl)(1-naphthylmethyl)-  with a mixture of 10 mL of isopropanol and 60 mL of
phosphine sulfide in a low total yield of ca. 15%. The CH,Cl,. Removal of the solvents from the extract under
1-naphthylmethyl PH protecting group was removed by reduced pressure gave a colorless powder which was dried
treatment with excess potassium naphthalenide. Trisecondin vacuo (20C, 10 3mbar). Yield: 2.34g (90%).
ary 1,5,9-triphosphacyclododecane has been obtained byAccording to the elemental analysis, the product contained,
Edwards et af*® using template mediated cyclization in addition to water, appreciable amounts of chlorine and
reactions similar to those reported by Norman 8. bromine, obviously bound t6 as HCI and HBr which could
not be removed even on prolonged heating in vacuo & 80
The contents of HCI and HBr were determined by titration
with 0.1N KOH. The composition of the product calculated

Experimental on the basis of the elemental analysis and the results of the
titration may be given as {gH3,05P,;-1.2HCI-0.15HBr-bD
Apparatus and materials (M;=526.3): C, 41.08; H, 6.77; Br, 2.28; CI 8.08. Found: C,

41.26; H, 6.61; Br, 2.05; Cl, 8.19.
All manipulations were carried out by using standard
vacuum line and inert atmosphere techniques. The Preparation of 4
coméplexesl, 2a—2c were prepared as reported earlier by
us2? The 3P, % and**C NMR spectra were obtained by 0.46 g (0.87 mmol) of the product obtained above were
using JEOL FX 90Q and Bruker AC 250 and AC 400 dissolved in 30 mL of water and the solution was neutra-
spectrometers equipped with standart] *°F, 3'P and**C lized with 0.1N KOH. The solvent was removed in vacuo
probe accessoried!P (relative to external 85%4R0y), *°F and the residue extracted with a mixture of 20 mL of,CH
(relative to internal CGF) and™*C, 'H (relative to internal ~ and 2 mL of isopropanol. After filtration the extract was
Me,Si) chemical shifts downfield from the standard are evaporated in vacuo to dryness yielding a colorless powder
given positive values. Mass spectra were determined on awhich was dried in vacuo. Yield: 0.41 g (93%). According
Varian MAT 311a instrument at 70 eV. to the elemental analyses, the product contained small quan-
tities of potassium chloride and bromide. Anal. Calcd. for
C1gH31KO5P4 H,O (M,=508.4): C, 42.52; H, 6.54. Found:
Partial oxidation of 2c C, 42.18; H, 6.76.

A slow stream of air was bubbled through a capillary into a Preparation of 6
solution of 1.00 g (2.08 mmol) dtc (isomer 1) in 50 mL of
water at reflux temperature for 7 d. The reaction mixture To a solution of 3.6 g (5.93 mmol) dfa (isomer I) in a
was concentrated in vacuo () 10 °mbar) to 10 mL mixture of HO (10 mL) and conc. HCI (10 mL) excess
and washed twice with 50 mL of GE&l,. The aqueous hydrogen peroxide (10 mL, 30%) was added dropwise.
phase was separated, the solvent stripped off under reduced’he temperature of the reaction mixture increased and
pressure and the remaining residue was extracted twice withbromine was evolved. Upon addition of further conc. HCI
50 mL of CHCI,. The extracts were concentrated under (10 mL) and HO, (1 mL) the green colored solution was
reduced pressure to 15 mL. The precipitate formed on addi- heated for 3 h at 7C. All volatiles were then stripped off
tion of methyltert-butyl)ether was collected by filtration  under reduced pressure and the solid obtained was dissolved
and dried in vacuo (Z€, 10 3mbar). Yield: 0.34g in 50 mL of water. Potassium hydroxide (0.1N aqueous
(33%) 3. Anal. Calcd. for GgH3,CINiO,P, (M,=497.5): C, solution) was added until the solution showed a pH value
43.46; H, 6.28; ClI, 7.13. Found: C, 43.04; H, 6.38; Cl, 7.10. of about8. The Ni(OH), precipitated was filtered off and the
solvent was removed under reduced pressure®Q20

On slow evaporation of a Ci&l, solution of 3, yellow 103 mbar). The solid was extracted twice with 30 mL of
crystals of compositior8-H,O were obtained which were  EtOH. After acidifying the extracts with HCI the solvent
used for the X-ray structural analystsC{*H} NMR (D ,0): was removed in vacuo. The residue obtained was dissolved

8133.8 (d, J=10.1Hz), 133.7 (d,J=2.0Hz), 130.4 (d, in a mixture of 30 mL of MeOH and 10 mL of trimethyl
J=10.2 Hz), 127.6 (d,J=48.7 Hz), 24.3 (d,J=88.1 Hz, orthoformate HC(OMe) and the solution was heated at
broad), 24.2 (dt,J=34.0, 5.1Hz), 22.9 (dt,J=4.7, reflux for 18 h. All volatiles were stripped off in vacuo
16.2 Hz), 21.0 (dtJ=5, 15Hz), 17.1 (s, broad), 7.6 (t, and the residue was extracted twice with 20 mL of
J=14.1 Hz). CH.,CI,. Upon addition of 100 mL of petrolether 40/60 to
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Chemical formula GgH33CINIO3P, F(000) 1072
Formula weight 515.49 Crystal size (mm) 03632¢0.18
Space group P2)/c 26 range ) 2.30-25.06
a(A) 15.691(4) index range 0-18, 0-10, —21to 19
b (A) 9.134(3) Reflections collected 4329
c(A) 18.002(4) Independent reflections 418QE0.0731)
B () 114.11(2) Absorption correction Semiempirical
V (AY 2355.0(11) Min./max. transmission 0.5195/0.6594
4 4 Refinement methods Full-matrix least square$on
T (°C) . 20 Data/restraints/parameters 4161/0/246
A (MoK,) (A) 0.71073 Final indicesl B2 (1)] R;=0.0389;wR,=0.0905
Crystal system Monoclinic Rindices (all data) R;=0.0609;wR,=0.1395
earc (g M) 1.454 Largest diff. peak and hole 0.589/-0.291
(eA™
w(cm™) 12.25

the extract (concentrated to 20 mL in vacuo) a colorless at 293 K with a Siemens P4/V diffractometer employing
solid was precipitated. In order to remove traces of HCI, graphite filtered MoK radiation {=0.71073 A. The struc-
the solid was dissolved in 20 mL of water and the solution ture was solved by using direct methods and refined by full-
was neutralized with 0.1N KOH. After evaporation of the matrix least squares. In the final refinement cycles, all non-
solution in vacuo the solid was extracted with CHp. hydrogen atoms were refined anisotropically. The H atoms
Removal of the solvent left a colorless powder. According were included at geometrically calculated positions with
to the elemental analysis, the product contained water andisotropic displacement parameters. All calculations were
small quantities of KCI. Yield 2.64 g (88%%:2H,0. Anal. carried out using the SHELXTL program$.
Calcd. for GgHs3O:P, (M,=502.4): C, 45.42; H, 7.62.
Found: C, 45.02; H, 7.60.
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