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Phosphite dendrimers and their organometallic derivatives
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Abstract—The synthesis of new classes of dendrimers, boranophosphate triesters and phosphite-based dendrimers has been
accomplished. The latter compounds have been successfully transformed into their palladium(Il) and rhodium(I) complexes,
possessing metal derivatives attached to the branching points within the dendrimer. © 2003 Elsevier Science Ltd. All rights

reserved.

Dendrimers create a new and unique class of unnatural
macromolecules exhibiting highly organized, branched
structures and well defined molecular weights. During
the last decade, enormous progress in the area of
dendrimers has been achieved. Excluding the purely
synthetic challenge, their potential for applications
seems to be the main factor stimulating rapid develop-
ment.! Catalysis appears to be the one of the most
promising areas of dendrimer applications, particularly
for their metal complexes.? Heteroatom-containing den-
drimers,> especially those based on phosphorus,* consti-
tute key precursors for metal complexation.’ The
introduction of a metal derivative to a dendrimer can
be effected either by way of its attachment to the
surface or via incorporation of a transition metal into
the interior, a substantially more difficult task.®

Recently, we revealed a divergent strategy for the syn-
thesis of phosphorus-based dendrimers involving a
phosphoroamidite approach.”® In this communication,
we wish to report on (1) an expedient synthesis of
novel, labile phosphite dendrimers via new dendritic
boranophosphotriesters and (2) the preparation of tran-
sition metal-complexed phosphite dendrimers having a
metal derivative within the cascade structure, as candi-
dates for homogenous catalysts.

The start point of our synthesis is the core triol, tris(5-
hydroxypentyl)boranophosphate 1,'° which can easily
be prepared from readily available chemicals in a simi-
lar manner to the thio-’ or selenophosphate® cores
described previously. The dendrimers 3P,B,—3P, B,
were prepared via reiteration of the synthetic strategy

* Corresponding author. Tel.: +48-(42)-681-8952; fax: +48-(42)-684-
7126; e-mail: gmsalamo@bilbo.cbmm.lodz.pl

as shown in Scheme 1. Phosphitylation of the appropri-
ate polyalcohol 1, 4P,B,, 4P,,B,,, 4P,,B,, (generation
3) with phosphoroamidite 2%° (1.2-1.5 equiv. per OH
group) in the presence of an excess of tetrazole (2-2.6
equiv. per OH group) in dichloromethane for 1 h at rt
followed by borane-methyl sulfide complex addition
[1.1 equiv. per 1 equiv. of the amidophosphite 2, (0°C,
3 h)] provided cleanly the corresponding dendritic bora-
nophosphotriesters in high isolated (3P B,, 93%,
3P,oB10, 90%, 3P,,B,,, 82%, 3P 4xB.s, 59%) yields.!! The
phosphite groups, generated during dendrimer synthesis
were not very sensitive to oxidation, however we
decided to protect them with BH; (from the initial step)
to avoid any degradation of the dendrimer skeleton
during deacetylation. Cleavage of the terminal acetates
in 3P,B,—3P,,B,, using saturated K,CO; in methanol
(2.5 h, rt) afforded the corresponding polyols 4P,B,—
4P,,B,, in quantitative yields. The dendritic bora-
nophosphate triesters are colorless liquids whose
viscosity increases with increasing generation number.
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Scheme 1. Reagents and conditions: (a) tetrazole,
Et,NP[O(CH,)sOAc], 2, dichloromethane; (b) (CH;),S-BHj;;
(c) K,CO;, methanol.
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The dendrimers obtained were characterized by 'H, *C,
3P NMR, FT-IR and MALDI TOF mass spectrome-
try. Their 3'P NMR spectra displayed a characteristic
very broad quartet centered at 115 ppm (!J 3'P-!'B=
~124 Hz). MALDI TOF mass spectrometry showed
only a single peak in the spectrum of 4P,B, (calcd for
Cs;H,,00,,P,B,; M+Na=1379.7. Found: m/z 1380).
The mass spectra of larger boranophosphate den-
drimers were not conclusive. Removal of the BH;
groups was carried out by treating compounds 3P,B, (6
h), 3P;,B,o (6 h), 3P,,B,, (10 h) and 3P B, (24 h) with
DABCO in tricthylamine at 80°C (Scheme 2). This
reaction was rigorously monitored by 3'P NMR (the
decline of the signal corresponding to P—BH;, together
with the appearance of a new signal corresponding to
the phosphite groups was observed). The new labile
phosphite dendrimers 3P,, 3P,,, 3P,, and 3P, were
isolated by simple filtration of the reaction mixture
through a short pad of silica gel under an argon
atmosphere using dried dichloromethane containing 5%
of triethylamine as an eluent.'> The *'P NMR spectra
of the phosphite dendrimers showed only a single reso-
nance line at about 139 ppm due to the coincidence of
chemical shifts of the signals from all the phosphorus
atoms present in the macromolecule. Moreover, their
MALDI-TOF mass spectral analysis was unsuccessful.
Therefore, it was necessary to perform an additional
experiment to prove that the deboronation reactions
did not cause any degradation of the dendrimer frame-
work. For instance, we decided to transform the 2nd
generation phosphite dendrimer 3P,, into the corre-
sponding thiophosphate dendrimer (Scheme 2). The
addition of an excess of elemental sulfur to a solution
of 3P,, (dichloromethane, 3 h, rt) furnished efficiently
the desired dendritic thiophosphate 3P,;,S;,. The *'P
NMR spectrum of 3P,,S,, showed three distinct reso-
nances integrating as 6:1:3 (68.50 ppm, 6P), (68.56 ppm,
1P), (68.60 ppm, 3P). Additionally, the MALDI-TOF
mass spectrum of 3P,,S,, verified its molecular weight.
Both analyses unambiguously confirmed the proposed
structure of 3P,,.
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The phosphite dendrimer possessing 10 trivalent phos-
phorus atoms throughout the structure provided the
possibility of specific complexation with a variety of
transition metals. In two series of experiments, the
complete loading, forming the metal-containing den-
drimers 3P,,Pds and 3P,,Rh;, was readily
accomplished'® under standard conditions with 5 equiv.
of [PdCI,(1,5-C3H;,)] and 5 equiv. of rhodium(I) dimer,
[(u-CI)(1,5-CgH,,)Rh], (Scheme 2). For the purpose of
characterization, *'P NMR spectroscopy was particu-
larly useful. The *'P NMR data of the parent phosphite
dendrimer 3P,, and of the palladium derivative 3P,,Pd;
differ drastically, 6=139.6 ppm for 3P,, and 6=94.6
ppm for 3P,,Pds. The intramolecular character of the
organometallic complex 3P,,Pds and the presence of
five palladium and ten chlorine atoms within the den-
drimer was confirmed by MALDI-TOF mass spec-
trometry [(2,5-dihydroxybenzoic acid) (DHB) caled for
C20H54605,P,,PdsCl,,=3857.5. Found: m/z 3859].
However, it is difficult to solve the precise structure of
3P,oPds.'* Furthermore, due to the statistical distribu-
tion of the metal, the formation of a single defined
product 3P,,Pds appears unlikely. The organophos-
phite dendrimer 3P,, was also smoothly transformed
into a rhodium derivative 3P, Rh,, by means of a
bridge splitting reaction!® of the rhodium(I) dimer. The
ligation of rhodium to phosphite branching points is
evidenced by the presence of a doublet [(6=117.9 ppm,
1J=240.8 Hz) due to P-Rh coupling] in the 3'P NMR
spectrum, as well as by a downfield shift of the cyclooc-
tadiene proton resonances in its '"H NMR spectrum.
No trace of any free phosphite group was detected by
3P NMR, prompting high efficiency in metal loading
into the dendrimer.!® The acquired spectral data,
together with literature information®® strongly support
the structure of 3P,,Rh,, as drawn in Scheme 2.

The organometallic [Rh(I) and Pd(II)] dendrimers were
also prepared starting from the 3rd and 4th generation
phosphite dendrimers. Their NMR spectra were virtu-
ally identical with the spectra of 3P,,Pds and 3P,,Rh,,.
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In all cases, no residual unbound phosphites were
observed by *'P NMR. Unfortunately, MALDI-TOF
mass spectrometry analysis was not successful for these
larger metal complexes. The Rh(I) and Pd(II) metallo-
dendrimers obtained will be tested in organic synthesis
as potential homogenous catalysts.

In summary, an efficient synthesis of new dendritic,
up to generation 4, boranophosphate triesters was
achieved. These compounds were successfully trans-
formed into key labile phosphite dendrimers without
any damage to the dendrimer skeleton. The applicabil-
ity of the phosphite dendrimers was demonstrated by a
simple preparation of metal-containing dendrimers.
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The triacetate derivative of 1 was prepared by the con-
densation of phosphorus trichloride with pentanediol
monoacetate, in the presence of triethylamine, followed
by the borane-methyl sulfide complex addition. Yield
95%, after flash chromatography on silica gel (CH,Cl,—
acetone 50:1). Treatment of the above compound with
saturated K,COj; solution in methanol furnished 1. NMR
(CDCly) 0y=~0.35 (br s, BH;, 3H), 1.37-1.73 (m,
B.p’,y-CH,, 18H), 3.59 (t, J=6.16 Hz, o-CH,, 6H), 3.95
(dd, J=6.29 Hz, 3Jyp=13.43 Hz, «-CH,, 6H) ppm.
3c=22.97, 31.18 (d, *Jop=5.3 Hz), 33.02, 62.68, 67.43
(d, 2Jep=3.1 Hz) ppm. dp 113.6-115.2 (br qt, J= ~129
Hz) ppm.

Analytical data for 3P,B,s: NMR (CDCl;) = ~0.40
(brs, 138H, BH,;), 1.37-1.49 (m, 186H, y-CH,), 1.54-1.71
(m, 372H, B,p’-CH,), 2.02 (s, Ac, 144H), 3.91-4.07 (m,
372H, a,o’-CH,) ppm. d-=20.62, 21.69, 27.79, 29.56 (dd,
*Jepw =522 Hz, *Jcp,=4.7 Hz), 63.97, 66.14, 170.88
ppm. Jp=114.4-116.0 (br d, 'Jzp=~125 Hz) ppm.
MALDI-TOF MS (DHB) (fragmentation) m/z 874, 905,
977, 1212, 1354, 1567, 1963, 2040, 2143, 2247, 2352, 2457,
2561, 2766, 2871, 3118.

Analytical data for 3P,,: NMR (CDCly) dy=1.26-1.57
(m, B,p, y-CH,, 270H), 1.89 (s, Ac, 72H), 3.77 (dd,
J=6.26 Hz, *J, ;1 =13.6 Hz, a-CH,, 90H), 3.96 (t, J=6.4
Hz, o’-CH,, 90H) ppm. J-=20.55, 22.18, 28.11, 29.84 (d,
*Jep=5.1 Hz), 64.26, 66.17 (*J-p=3.0 Hz), 170.8 ppm.
0p=139.6 ppm. MALDI-TOF MS (DHB) (fragmenta-
tion) m/z 392, 448, 536, 640, 741, 783, 850, 939, 963,
1041, 1082, 1147, 1191, 1254, 1360, 1621.

Crude complexes 3P,,Pds and 3P,,Rh,, were highly pure
according to 3'P NMR spectroscopy. 1,5-Cyclooctadiene
generated in the reaction of palladium(IT) complex with
3P,, was simply washed out with hexane.

NMR data for 3P,(Pds: Jy (CgDg)=1.22-1.63 (m, BB,
v-CH,, 126H), 1.69 (s, Ac, 36H), 3.97 (t, J=6.5 Hz,
o'-CH,, 42H), 4.19-427 (m, o-CH,, 42H) ppm. Jc
(CDCl;)=20.96, 21.96, 28.16, 29.76, 64.05, 67.63, 172.5
ppm.

Examples: Steele, D. F.; Stephenson, T. A. J. Chem. Soc.
1972, 2161-2169; Hartley, F. R.; Murray, S. G.; Potter,
D. M. J. J. Organomet. Chem. 1983, 254, 119-126.

'"H NMR data for 3P,;,Rh,,: (CsDg) 6=1.39-1.48 (m,
CH, COD, 40H), 1.61-1.79 (m, B.,p’, y-CH,, 126H), 2.02
(s, Ac, 36H), 2.43-2.54 (m, CH, COD, 40H), 3.91-4.05
(m, a,0’-CH,, 84H), 5.30-5.34 (br s CH=CH COD, 40H)
ppm.
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