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Synthesis of Functional Poly(1,4-ketone)s Bearing Bioactive
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The synthesis of novel alternating polyketones bearing pendent bioactive moieties is presented. These materials
were prepared by palladium catalyzed coordination polymerization of carbon monoxidedefins substituted

with protected tyrosine or with dipeptide sequences such as tyrosine-glycine, tyrosine-alanine, and tyrosine-
valine. Copolymerization experiments of CO with monomers containing vitamin E or testosterone were also
successfully performed under mild reaction conditions. The dicationic Pd (Il) bis(phoshine) complex [Pd(dppp)-
(NCCHg),](BF4)2 was used as catalyst precursor giving rise to macromolecules with well-defined structures.

Introduction Scheme 1. Synthesis of Functional Polyketones Bearing Pendent
Bioactive Molecules
Synthetic polymers bearing pendent bioactive molecules are = (PAIX 0
highly attractive materials due to their outstanding potential (CHp) + CO 2 N
applications in pharmacological and biological field&mong (CH2)m

different polymerization techniques, the late transition metal-

catalyzed polymerizations appeared to be the most promising
methods for preparation of functional polymers with precisely
controlled structures. Metathesis (ROMP and ADME&Tand

atom transfer radical (ATRPpolymerizations, for instance, are

extensively used to produce biofunctionalized macromolecules. : carbohydrates, amino acids, steroids, vitamins
A unique control of molecular weight, polydispersity, and
stereoregularity is offered, however, by metal catalyzed insertion
polymerization. For that reason, the use of the latter for
polymerization of monomers with polar functional groups is
attracting much interest.

Poly(1,4-ketone)s are a class of polymers accessible Via Pd
catalyzed insertion polymerization af-olefins and carbon
monoxide. A remarkable advantage of these materials is the
possibility to easily tune their mechanical and surface properties.
Hence, polymers ranging from highly crystalline to thermo-
plastic soft elastomers are availaBl€he hydrophilicity of the
surface is adjustable from nonpolar to highly polar by a proper
selection of thex-olefin component. Chiral polyketones with
high enantiomeric excess can also be prep&redaddition,
the carbonyl groups offer an opportunity for further function-
alization through chemical derivatizati@Besides these valu-
able properties, we have demonstrated that defined polyketone

m>2

containing pendent monosaccharid&$he surprising tolerance
shown by the catalytic system toward the glycosylated mono-
mers prompted us to perform copolymerization experiments with
CO and alkenes substituted with amino acids. Functional
polymers based on amino acids are ideal candidates for a variety
of applications, owing to their inherent biological compatibility,
multifunctionality, and chirality:* Due to the perfect alternation

of the two monomers (CO and-olefin), the Pd catalyzed
insertion polymerization would afford highly functionalized
materials with amino acids in the side chains. The present
communication describes the synthesis of such macromolecules.
Additionally, the polymerization catalysis of other biologically
relevant monomers like those containing representatives of
vitamins and steroids is discussed.

structures possess a promising biocompatibHiteepending Results and Discussion
on the monomer composition, the polymer surface supported a
selective growth of adult human bone marrow céli¥hese New vinyl monomers bearing tyrosine or dipeptides with

findings together with the fact that polyketones add a new type tyrosine-glycine, tyrosine-alanine and tyrosine-valine sequences
of polymer backbone to the family of biologically active \yere prepared (Scheme 2, a). Since the carboxyl or amino
polymers motivated us to focus research on the synthesis ofgroyps of the amino acids might interfere with the Pd-catalyst,
polyketones functionalized with bioactive molecules. One way they were reversibly protected. Esters of glycine, alanine, or
to design such materials is to copolymerize CO witblefins valine respectively were attached to precurer by means
bearing bioactive moieties (Scheme 1). Since there are only af routine peptide coupling agents EDAC and HOBT (see the
limited number of examples of functional polyketones re- gyperimental Section). Furthermore, monomers containing
ported:? these copolymerizations are challenging experiments. lipophilic groups such as vitamin E and testosterone were also
The first successful attempt was the synthesis of polyketones gynthesized. Monomérresulted from an etherification ofD,L-
tocopherol and 6-bromo-1-hexene in presenceAf® (Scheme

* To whom correspondence should be addressed. 2, b), whereas monomérwas synthesized through DCC/DMAP
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Scheme 2. Synthesis of Monomers 1—-4 (a), 5 (b), and 6 (c)
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mediated esterification between E7hydroxy-androst-4-en-3-  >cheme 3. Copolymerization of CO with Monomers 1-6

one and 5-hexenoic acid (Scheme 2, c). It is apparent from the [PA(dppp)(MeCN),I(BF 1)

literature that a longer spacer between the double bond and the ©© *+ Z>CHaR —— A
polar group reduces the tendency for chelation of the latter to e (PHeIm
the metal centet.Several authors showed that for successful m=34 R
polymerization of functional monomers with CO the functional- 712
ity has to be separated from the double bond by at least two o
methylene group®® Therefore, to disfavor backbiting of any A / _}—0
of the nucleophilic heteroatoms (OR and NHR) of the monomers R: ~°‘©_§_<o ~°4©_§_F<'\N

to Pd-centet8 we used C4-alkenyl spacers. An additional role HN O HN O

of the spacers was to provide materials with less sterically 7 8

. . o
congested functional groups, which would be advantageous for —0
interaction with other molecules (e.g., proteins and drugs). 4{=0 o)
Intentionally, in monomer6, the polymerizable spacer was ~OWN ~°@_>_%N§i
attached to the testosterone molecule via an ester linkage. Since HN ©
the ester bond is labile and might rapidly hydrolyze to liberate 9 a
a pharmacologically active steroid (Ringsdorf's model), the
corresponding oligomer could serve as a drug-delivery alfent.

The newly synthesized functional olefins were copolymerized 4 j\ %
with carbon monoxide according to Scheme 3. The catalyst ~o ~ o
precursor was activated by addition of a defined amount of 0
diethylene glycol (DEG}Y8 The results of the copolymerization
experiments are listed in Table 1. Table 1. Copolymerization Results

The narrow polydispersities revealed a formation of homo- Pco,  Mu?  Mpa yielde T,

geneous products under the conditions applied. As seen frommonomer oligomer bar gmol-t gmol-! PDI2 DP? = % °C
the degrees of polymerization, the standard catalyst used for 7 30 11800 8900 1.33 25 55  29.0

o (¢]

" 12

these first investigations afforded well-defined structures ranging 30
from oligomers to macromolecules of low molecular weight. 8 gg 3200 2500 128 6 10 407

However, the degrees of polymerization might be a question
of catalyst and process desi§® In addition, one should
consider that the optimal degrees of polymerization are applica-
tion-specific. The molecular weights reported can be ascribed
to backbiting of the monomer’s nucleophilic atoms to the a Average values measured by GPC (relative to polystyrene standards).
coordination site of the catalyst and/or steric hindrance of the ”Average degree of polymerization calculated from GPC data (CHCls
bulky monomer structures. In fact, the olefin insertion is the SCVen: ©Based on the isolated mass after purification.
rate determining step in the polymerization cy&leand the of polymerization and yields were obtained. We believe that
coordination of the olefinic double bond is likely to depend on  the backbiting effect was additionally contributed by the second
the steric characteristics of the alkene and on the geometry ofamide group (peptide linkage) present in those monomers. Most
the catalytically active comple’é@t probably the peptide oxygen coordinated to the Pd center, which
The high steric hindrance (more than for monorhgof the slowed down the propagation rate. Hence, termination reactions
olefins substituted with dipeptide2-4) influenced significantly became more competitive with propagation, and products with
their reactivity. Accordingly, oligomers with diminished degrees short chain lengths were obtained. Oligomers with slig}a{BV

9 60 3200 2500 128 6 15 60.5
10 60 5000 3800 132 8 21 82.5
11 30 18000 12500 1.44 23 70 —25.0
12 30 7600 4700 1.62 12 58 110.5
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higher yields were formed from the copolymerization of CO Studies concerning the biocompatibility of the described
with monomer4. Presumably the coordination of the carbonyl oligomers are in progress. Initial in vivo experiments with poly-
oxygen of the peptide linkage to the Pd center was partially (propylene-CO) polymers functionalized with tyrosine moieties
disfavored by the isopropyl branch from the valine residue, showed a good biocompatibility of the this polymer to urothelial
which led to an improved polymerization performance of this cells. The results of these studies will be reported elsewhere.
monomer.

The pressure of carbon monoxide played a crucial role for
the copolymerization of the monomers bearing dipeptides. Thus,
when 2 and 3 were copolymerized under 30 bar initial CO
pressure, no products were formed. This is consistent with the . aived unless otherwise stated. [Pd(dppp)(NQQBF.), was
assumption that the oxygen elgctron donors coqrdmate to theprepared as described previoudyCH,Cl, (Fluka) was dried by
metal center. The PO interaction could not be disrupted by refiyxing over Catand distilled prior to use. Diethylene glycol (DEG-

an incoming carbon monOXide molecule when the applied Fjyka) was passed as 1:1 mixture with dried/CH through a column
pressure was low. An increased CO pressure led, however, t0of ajuminum oxide, and then the solvent was removed under vacuum

Experimental Section

Materials. All chemicals were of commercial grade and used as

product formation. and DEG was stored ovd A molecular sieves. Carbon monoxide gas
Direct evidence that multiple insertions of monomgrs4 was provided by BASF AG and used without further purification.
occurred was provided by MALDI-TOF spectra of the corre- General Methods. Polymer molecular weights were measured in

sponding oligomers (Figure 1). The mass of each peak consistsCHCI; by gel permeation chromatography (GPC), using a Styragel

of a certain number of repeating units, plus one saturated andcolumn and calibrated relative to polystyrene standatidsand **C

one unsaturated chain end group and a sodium &om. NMRZ spectra were recorded on a Bruker AMX 500 spectrometer.
The best polymerization results were found for the copo- Chemical shifts ¢), referred to internal standards, are given in ppm.

lymerization of CO with monomes, most likely due to the Infrared spectra were recorded on a Bruker FT-IR IFS 113v spectrom-
fewer number of heteroatoms present in theocopherol eter. MALDI-TOF measurements were performed on a Bruker Daltonics

Reflex Il (Section Mass Spectrometry-University of Ulm). 2,5-

Dihydroxybenzoic acid (DHB) was used as matrix material. lons,
formed by a pulsed UV laser beam (nitrogen laser, 337 nm), were
accelerated at 20 kV. A Perkin-Elmer DSC 7 instrument was used for

. o . . differential scanning calorimetry measurements. Glass transitions were
(head-head, headitail, and tait-tail enchainment) i"C NMR determined from the second heating scan. Elemental analyses were

spectrum proved the regioirregularity F)f the oligomers. performed at the Microanalytical Section of the University of Ulm.
DSC measurements revealed the oligomers to be amorphous.  yionomer Synthesis.N-Acetyl-O'-(hex-5-enyl)t -tyrosine Ethy
The lack of crystallinity was attributed to the bulky pendent ggter (1). To a solution ofN-acetyl+-tyrosine ethyl ester (10 g, 37.1
groups and the stereoirregularity of the backbone.Thalues mmol) in acetone (100 mL) was added@O; (7.4 g, 53.8 mmol),
of the products were dependent on the nature of the side chainfollowed by 6-bromo-1-hexene (5 mL, 37.1 mmol). The mixture was
substituents. Oligomer bearing tyrosine moieties had a glass stirred at reflux for 3 days. After this time, the solvent was removed
transition temperature of Z&. The presence of a second amino on a rotary evaporator, and the remaining white solid was dissolved in
acid in the structure of oligome8 caused a decrease in the a mixture of aqueous 5% NaOHAEX (1/1 v/v; 450 mL). The aqueous
chain mobility. HigherTy was measured for those oligomers, layer was extracted with ED. The combined organic layers were dried
respectively. Further rising of the glass transition temperature (MgSQs) and concentrated. The resulting viscous oil was washed with
was observed for oligomer$ (60.5 °C) and 10 (82.5°C) in hexane to provide a white solid product (40% vyieldyi NMR
proportion to the increasing bulkiness of the pendent dipeptide (CDCL): 6 = 6.95 (d, 2H, 2HC=), 6.76 (d, 2H, 2HC=), 5.97 (d,
sequence. Oligomet2 showed the highesky (110.5°C) due 1H, NH), 5.80 (m, 1H,HC=CH,), 4.98 (m, 2H, HE=CH,), 4.79 (q,
to the rigid testosterone moieties, whereas oligohievossessed ~ 1H. CH), 4.13 (g, 2H, &), 3.89 (t, 2H, G1;), 3.10 (dd, 1H, G-

a very lowT, value (-25 °C) as a result of the more flexible ~ Hb). 2.96 (dd, 1H, ChHp), 2.10 (m, 2H, Gf), 1.95 (s, 3H,
structure of the vitamin E molecule (C12-alkyl chain). NHCOCH,), 1.75 (m, 2H, G1a), 1.53 (m, 2H, G1), 1.22 (1, 3H, Ga).
15C NMR (CDCE): 0 = 171.7 (HNCO), 169.4 COOCHy), 158.1

(>C=), 138.4 (HC=CH,), 130.2 (- C=), 127.6 (2 FC=), 114.7 (HC=
Conclusion CHy), 114.4 (2 HC=), 67.6 (CH>), 61.4 CHy), 53.20 C'H), 36.9 CH>),
33.4 (CHy), 28.6 CH>), 25.2 CH>), 23.1 CH3), 14.1 CHy). IR (cm %,
The presented approach is one of the rare instances ofKBr): 3300 (N-H), 1740 (G=0), 1656 (G-N), 1550 (N-H). Anal.
introducing bioactive molecules into a polar backbone using Calcd for GoHaNO, (333.42 g mot?): C 68.47; H 8.11; N 4.20.
insertion polymerization catalysis, which offers, in principle, a Found: C 68.39; H 8.09; N 4.18. _
unique control of the polymer microstructure. Since these were _ N-Acetyl-O-(nex-5-enyl)« -tyrosine (1-1). A solution ofN-acetyl-
initial experiments, we applied a cheap and readily available O'(heX'S'enfl)thyros',ne EthﬁlfeSteoﬂc 59,15 mmgl) in etganozl (15
catalyst. However, the results clearly demonstrated that for the ML) W‘;‘Z Cgo_?h n a.mt'ce at Olrl L n;n: Next l.t M Na tH( > m,l[‘)
copolymerization of such highly functionalized monomers a new was added. The mixiure was aflowed fo warm fo room femperature
o . .. .. and stirred overnight. After that, the solution volume was reduced in
catalyst design is needed. A catalyst with reduced electrophilicity .
vacuum to 25 mL and washed with CHCIThe aqueous layer was
of the metal center would be presumably more favorable toward

h lied R | d Iacidiﬁed with NaHSQ (pH 2—3) and extracted with CH@l The
the applied monomers. Recently, we reported on a new neutra 'combined organic layers were dried (MggQand then the solvent

single site Pd-catalyst that produces nonalternating ethylene 54 removed on a rotary evaporator to yield the product (81% yield).
CO copolymer$? Further research will be focused on the 1 NMR (THF-ck): & = 6.83 (d, 1H, NH), 6.72 (d, 2H, ZHC=), 6.45
synthesis of ligands suitable for polymerization of bulky polar (g, 2H, 2Hc=), 5.50 (m, 1H,HC=CH,), 4.68 (m, 2H, HG=CH)),
monomers. 4.35 (g, 1H, CH), 3.58 (t, 2H, ®1,), 2.77 (dd, 1H, Gl.-Hy), 2.57 (dd,

Since chiral systems are of high interest for bio-applications, 1H, CH-Hy), 1.79 (m, 2H, G12), 1.49 (s, 3H, Els), 1.42 (M, 2H, G1.),
a real challenge would also be the use of catalytic systems able1.23 (m, 2H, &,). 13C NMR (THF-tb): 6 = 173.7 COOH), 169.7
to produce chiral biofunctionalized polyketones. (HNCO), 159.3 ¢C=), 139.7 (HC=CH,), 131.3 (2 HC=), 130.4

molecule.

The chemical structures of the obtained products were
confirmed by!3C and!H NMR and IR spectroscopies. The three
signals attributable to the carbonyl groups of the main chain

Ccbv
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Figure 1. MALDI-TOF spectra of the oligomers bearing dipeptide sequences: (a) 8, (b) 9, and (c) 10.

(>C=), 115.2 (HG=CH,), 115.1 (2 HC=), 68.5 CH,), 54.4 C'H),
37.8 (CH>), 34.6 CH>), 30.05 CHy), 26.6 CH>), 22.7 CH3). IR (cnm %,
KBr): 3300 (N—H), 3000-2480 (O-H overlapped with €H), 1710
(C=0), 1625 (C-N), 1556 (N-H), 1248 (G-O—C). Anal. Calcd for
Ci17H23NO4 (305.37 g motl): C 66.89; H 7.54; N 4.59. Found: C
66.50; H 7.45; N 4.35.

N-Acetyl-O'-(hex-5-enyl)+ -tyrosylglycine Ethyl Ester (2). A
solution ofN-acetylO'-(hex-5-enyl)t-tyrosine (—1; 2.2 g, 7.1 mmol)
in dry DMF (15 mL) was added to a mixture of glycine ethyl ester

hydrochloride (1.5 g, 10.7 mmol), 1-[3-(dimethylamino)propyl]-3-
ethylcarbodiimide hydrochloride (EDAC; 1.6 g, 8.5 mmol), and
1-hydroxybenzotriazole (HOBT; 0.96 g, 7.1 mmol). Next, triethylamine
(EtsN; 2 mL, 14.2 mmol) was added, and the mixture was stirred at
room temperature for 24 h. After that, the solvent was removed under
vacuum, and the obtained yellow oil was partitioned betwegd &hd

ethyl acetate (70 mL of each). The aqueous layer was extracted with
ethyl acetate, and the combined organic layers were dried (MgSO
concentrated, and chromatographed on silica gel (G&@gtsOH — CDV
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98/2) to yield a white solid product (65% yieldHd NMR (CDCl): 6
=7.06 (d, 2H, 2HC=), 6.78 (d, 2H, 2HC=), 6.63 (d, 1H, NH), 6.38
(d, 1H, NH), 5.80 (m, 1H,HC=CH,), 4.98 (m, 2H, HG=CH,), 4.65
(9, 1H, CH), 4.13 (q, 2H, ®i2), 3.94 (t, 2H, ¢,), 3.89 (s, 2H, Ely),
3.10 (dd, 1H, ®a-Hp), 2.92 (dd, 1H, CEHy), 2.08 (m, 2H, G1),
1.92 (s, 3H, NHCOGE3), 1.75 (m, 2H, ®&y), 1.53 (m, 2H, &), 1.23
(t, 3H, CHs). %C NMR (CDCk): 6 = 171.4 (HNCOCH), 170.1
(HNCO), 169.2 COO0), 158.0 ¢ C=), 138.4 (HC=CH), 130.2 ¢ C=
), 128.2 (2 HC=), 114.7 (HC=CHy), 114.5 (2 HC=), 67.6 CH>), 61.4
(CHy), 54.3 C'H), 41.2 CH>), 37.3 CH.), 33.4 CHy), 28.6 CH>),
25.2 (CHy), 23.1 (NHCGCCHg), 14.1 (CHCHj). IR (cm %, KBr): 3300
(N—H), 1753 (C=0), 1645 (C-N), 1546 (N-H). Anal. Calcd for
C21H30N205 (390.47 g mot?): C 64.62; H 7.69; N 7.18. Found: C
64.61; H 7.69; N 6.95.

N-Acetyl-O'-(hex-5-enyl)+ -tyrosylalanine Methyl Ester (3) and
N-Acetyl-O'-(hex-5-enyl)+ -tyrosylvaline Methyl Ester (4). Monomers

Biomacromolecules, Vol. 7, No. 11, 2006 2935

(CCHj3), 22.7 (CHCHg), 22.6 (CHCH3), 21.0 (CHy), 20.6 (CHy), 19.8-
19.6 (2 CH3), 12.7 (QCH3), 11.8 (GCH3), 11.7 (CCHg). IR (cm?,
KBr): 2926-2865 (CH, CH,, CH), 1460, 1385 (&C), 1255 (C-
O—C). Anal. Calcd for GsHgO, (512.85 g mot?): C 81.96; H 11.81.
Found: C 81.72; H 11.72.

17$-5-hexenoyloxy-androst-4-en-3-one  (6). 17-5-hydroxy-
androst-4-en-3-one (4 g, 14 mmol), 5-hexenoic acid (2 mL, 16.8 mmol),
and 4-(dimethylamino)pyridine (DMAP; 0.34 g, 2.8 mmol) were
dissolved in CHCI, (70 mL). N,N-Dicyclohexylcarbodiimide (DCC;
3.5 g, 16.8 mmol) was dissolved in another portion of,CH (40 mL).
The two solutions were combined and stirred &00for 1 h. The start
of the reaction was indicated by formation of dicyclohexylurea
precipitate. The mixture was stirred at room temperature for another
24 h. After this time, the white precipitate was filtered off and the
residual mixture was diluted with GRBl,. Next the solution was washed
successively with 0.5 M HCI, saturated NaHEC&nd distilled water.

3 and4 were prepared following the same procedure as described for The organic phase was dried (#$4;), filtered, and concentrated. The

4. However,1—1 was reacted with-alanine methyl ester hydrochloride

for the synthesis o5 (40% yield) or with L-valine methyl ester
hydrochloride for the synthesis df(65% yield), respectively 3): *H
NMR (CDCl): 6 = 7.07 (d, 2H, 2HC=), 6.78 (d, 2H, 2HC=), 6.42
(d, 1H, NH), 6.24 (d, 1H, M), 5.79 (m, 1HHC=CH,), 4.98 (m, 2H,
HC=CH,), 4.62 (q, 1H, CH), 4.44 (m, 1H, CHCHs), 3.89 (t, 2H,
CH,), 3.68 (s, 3H, OEl3), 3.08 (dd, 1H, Ei;-Hp), 2.92 (dd, 1H, CH
Hp), 2.08 (m, 2H, E1,), 1.94 (s, 3H, NHCOGE3), 1.75 (m, 2H, &),
1.53 (m, 2H, G1,), 1.33-1.31 (d, 3H, CHCHs). 33C NMR (CDCl):
0 = 172.6 (HNCOCH), 170.6 (HNCO), 169.9 COOCH;), 158.1
(>C=), 138.4 (HC=CH,), 130.3 ¢ C=), 128.1 (2 HC=), 114.7 (HG=
CH,), 114.5 (2 HC=), 67.7 CH,), 54.4 C'H), 52.3 (QCH3), 48.2 C'-
HCHs), 37.6 CH,), 33.4 CH), 28.7 CHy), 25.3 CH,), 23.1
(NHCOCHS3), 18.1 (CHCHy). IR (cn?, KBr): 3290 (N-H), 1753 (C=
0), 1641 (C-N), 1551 (N-H). Anal. Calcd for G;H3oN-Os (390.47 g

mol1): C 64.62; H 7.69; N 7.18. Found: C 64.78; H 7.67; N 7.24.

(4)™H NMR (CDCl): 6 =7.07 (d, 2H, 2HC=), 6.78 (d, 2H, 2HC=
), 6.52 (d, 1H, NH), 6.44 (d, 1H, NH), 5.77 (m, 1HHC=CH,), 4.98
(m, 2H, HG=CHy), 4.75 (g, 1H, CH), 4.37 (m, 1H, CHCH(CHs)»),
3.88 (t, 2H, @4,), 3.66 (s, 3H, OEl), 3.10 (dd, 1H, El-Hy), 2.92
(dd, 1H, CH:-Hp), 2.07 (m, 3H, CHCH(CHs)z; CHy), 1.93 (s, 3H,
NHCOCHs), 1.74 (m, 2H, &), 1.51 (m, 2H, &1,), 0.81-0.75 (m,
6H, CHCH(H3)2). 23C NMR (CDCk): 6 = 171.6 (HNCOCHg), 171.1
(HNCO), 170.0 COOCHp), 158.0 ¢ C=), 138.4 (HC=CH,), 130.2
(>C=),128.1 (2 HC=), 114.7 (HG=CH,), 114.5 (2 HC=), 67.6 CH>),
57.4 C'HCH(CHs),), 54.6 C'H), 52.0 (QCHs3), 37.4 CHy), 33.4 CH.),
31.0 (CHCH(CHa)y), 28.7 CH5), 25.3 CH), 23.0 (NHCQCH3), 18.8—
18.1 (2C, CHCHCHs),). IR (cm?, KBr): 3292 (N-H), 1740 (G=
0), 1641 (C-N), 1544 (N-H). Anal. Calcd for GsHz4N20s (418.53 g

mol™Y): C 66.02; H 8.13; N 6.69. Found: C 65.76; H 8.05; N 6.49.

5-Hexen-1-yl-@-Tocopheryl)-ether (5). To a solution ofa-D,L-
tocopherol (8 g, 18.5 mmol) in DMF (60 mL) was addegdOs (5.1

g, 37 mmol), followed by 6-bromo-1-hexene (4.5 mL, 33.4 mmol).

The mixture was stirred at 11T for 3 days. Then the CO; solid

product was flash chromatographed on silica gel (hexane/ethyl acetate,
6 > 2.5/1) to give a white solid (88% yield)H NMR (CDCly): 6 =
5.74 (m, 1H,HC=CH,), 5.69 (s, 1H, Gi=C<), 4.97 (m, 2H; HG=
CHy), 4.57 (t, 1H, GHOCO), 2.39-2.26 (m, 6H, 3 Ei,), 2.13-1.98
(m, 4H, 2 H,), 1.69-1.32 (br., m, 12H, 5 E,, 2 CH), 1.15 (s, 3H,
CHjz), 1.02-0.91 (br., m, 3H, El,, CH), 0.80 (s, 3H, El3). 13C NMR
(CDCl): 6 = 199.4 C=0), 173.5 (A=0), 170.9 £C=), 137.6
(HC=CH,), 123.8 (HC=), 115.2 (HG=CH,), 81.2 (CH), 53.6 CH),
50.1 CH), 42.4 CCH), 38.5 CCH), 36.5 CH,), 35.6 CH.), 35.3 CH),
33.8 CHy), 33.7 CHy), 33.0 CH>), 32.6 CH>), 31.4 CH,), 27.4 CHy),
24.1 CHy), 23.4 CHy), 20.4 CH.), 17.3 CH3), 12.0 CH3). IR (cm,
KBr): 2940-2850 (CH, CH,, CH), 1731 (G=0, ester), 1675 (€0),
1230 (C-0—C). Anal. Calcd for GsH3s03 (384.52 g motl): C 78.08;
H 9.44. Found: C 77.85; H 9.37.

Oligomer Synthesis. N-Acetyl-O'-(hex-5-enyl)-I-tyrosine ethyl
ester/CO (7).[Pd(dppp)(NCCH)](BF), catalyst (70 mg, 90.amol)
and diethylene glycol (0.52 mL, 5.5 mmol) as activator were placed
under argon into a 50 mL stainless steel autoclave equipped with a
glass inlay and a stirring bar. Then a solutionlof2.5 g, 7.5 mmol)
in dry CH,Cl, (20 mL) was added. Next the autoclave was pressurized
under vigorous stirring with 30 bar of carbon monoxide. The reaction
was running for 72 h at room temperature. After this time, the remaining
gases were vented off, and the polymerization mixture was extracted
with the same amount of water. The organic phase was filtered,
concentrated, and added dropwise into colDEB00 mL) with stirring.
The resulting precipitate was dissolved in £, the solution was
passed through a short silica column (Merck silica 60880 «m))
to remove the catalyst, concentrated, and poured in the same manner
into cold EtO. The solid precipitate was dried under vacuum for 24 h
at room temperaturéH NMR (CDCLk): 6 = 6.92 (2H, 2HC=), 6.69
(2H, 2HC=), 6.34 (1H, NH), 4.70 (1H, CHNH), 4.06 (2H, G1,CH),
3.79 (2H, CHCH,0Ar), 2.93 (2H, CHC®1,Ar) 2.65-2.26 (br., G and
CH; oligomer backbone), 1.87 (3H, NHC®{g), 1.64-1.31 (6H, 3
CHy), 1.15 (3H, CHCHjy). 13C NMR (CDCh): 6 = 214.3,211.9, 208.5

was filtered off, and the solvent was removed under reduced pressure (C=0O oligomer backbone); 171.7 (N\BOCH), 169.5 COOGH:),

The remaining brown oily product was dissolved in 5% NaObZEt
(/1 viv; 400 mL). The aqueous layer was extracted witsOEThe
combined organic layers were dried (Mgg@nd concentrated. The

157.8, 130.1, 127.9, 114.3 (&Gma), 67.3 (CHCH,OAr), 61.1 CH,-
CHg), 53.2 C'HNH), 45.2-42.1 (br.,CH andCH, oligomer backbone);
36.9 (CHCH,Ar), 30.8, 29.1, 23.4 (XHy), 22.7 (NHCCCH3), 13.9

obtained viscous oil was flash chromatographed on silica gel (hexane/ (CH2CHz). IR (cn™, KBr): 3400 (br., N-H), 3000-2867 (CH, CH,,

ethyl acetate, 14 3/0.3) to yield a light orange honey-like product

(37% yield).'H NMR (CDCk): 6 = 5.84 (m, 1H,HC=CH,), 5.00
(M, 2H, HG=CH,), 3.63 (m, 2H, CHCH.0), 2.56(t, 2H, G1,), 2.15
(s, 3H, Ar—CHa), 2.11 (s, 3H, AF-CH3), 2.07 (s, 3H, A-CHs), 1.79

(m, 4H, 2 (Hy), 1.64-1.02 (broad m, 25 aliph. protons), 1.22 (s, 3H,

CCHs), 0.87 (d, 6H, 2 Els), 0.85 (d, 3H, Els), 0.84 (d, 3H, Els). 1°C
NMR (CDCl): ¢ = 148.4 (-C=), 147.6 & C=), 138.7 (HC=CH)),
127.8 ¢ C=), 125.8 ¢ C=), 122.8 ¢ C=), 117.4 - C=), 114.6 (HC=
CHy), 74.7¢:C=), 72.8 CHy), 40.1 CH,), 39.4 CH,), 37.6-37.4 (4
CHy), 33.7 CHCHs), 32.8 CHCHs), 32.7 CHy), 31.3 CH,), 29.8
(CHy), 27.9 CH(CHs)), 25.5 CH,), 24.8 CH.), 24.4 CHy), 23.8

CH), 1743 (G=0), 1707 (G=0 oligomer backbone), 1660 {N), 1556
(N—H).

N-Acetyl-O'-(hex-5-enyl)-I-tyrosylglycine Ethyl Ester/CO (8).
Monomer2 (4.6 mmol, 1.80 g) was copolymerized with CO in the
same manner as described for monofyérowever, 60 bar CO pressure
was applied. The catalyst was separated from the product by the use
of preparative GPC'H NMR (CDCly): 6 = 7.04 (2H, 2HC=), 6.69
(2H, 2HC=), 4.73 (1H, CH), 4.12 (2H, G4,CHs), 3.89 (2H, CHCH,-

OAr), 3.78 (2H, CONH@Ei,), 2.98-2.85 (br., 2H, CHEI,Ar), 2.49—
2.28 (br., ¢4 and H; oligomer backbone), 1.87 (3H, NHC®f3),

1.66-1.33 (br., 6H, 3 @), 1.18 (3H, CHCHy). **C NMR (CDCH):
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0 = 212.1-208.6 C=O0 oligomer backbone), 172.0 (N\eDCHs), 170.4
(CONH), 169.4 COOGHs), 157.7, 130.1, 128.6, 114.2 (§6ma), 67.3
(CH,CH,OAr), 61.2 (CH,CH3), 54.3 C'H), 45.5-42.5 (br.,CH and
CH_ oligomer backbone), 41.ZH,COOGHSs), 37.2 (CHCHy), 29.2,
28.7, 25.7 (3CHy), 22.8 (NHCQCH3), 14.0 (CHCHg). IR (cnmd,
KBr): 3400 (br., N-H), 3000-2860 (CH, CH,, CH), 1751 (br., &
O ester and Ac groups) with shoulder at 1707—@ oligomer
backbone), 1652 (€N), 1540 (N-H), 1240 (C-O—C).

N-Acetyl-O'-(hex-5-enyl)-I-tyrosylalanine Methyl Ester/CO (9).
Monomer3 (2.0 mmol, 0.80 g) was copolymerized with CO in the
same manner as described for monoretH NMR (CDCL): 6 =
7.04 (2H, 2HC=), 6.71 (2H, 2HC=), 4.74 (1H, CHCH,), 4.43 (1H,
C'HCHg), 3.83 (2H, CHCH,OAr), 3.67 (3H, COOGI3), 2.98-2.83
(br., 2H, CHCH,), 2.69-2.20 (br., G4 and (H; oligomer backbone),
1.90 (3H, NHCOG3), 1.69-1.40 (br., 6H, 3 Ely), 1.29-1.21 (3H,
C'HCH3). 3C NMR (CDCk): ¢ = 211.9-209.3 C=O oligomer
backbone), 172.7 (NBOCHs), 171.4 CONH), 170.2 COOCHy),
157.8, 130.2, 128.6, 114.4 (6Gna), 67.6 (CHCH,OAr), 54.4 C'-
HCH,), 52.2 (COCCHj3), 48.1 C'HCH;), 45.4-42.5 (br.,CH andCH;
oligomer backbone), 37.5 {BCH,), 29.2, 28.6, 25.7 (XH,), 22.9
(NHCOCH3), 17.7 (CHCHs). IR (cnm%, KBr): 3400 (br., N-H),
3060-2860 (CH, CH,, CH), 1749 (br., GO ester and Ac groups)
with shoulder at 1706 (€0 oligomer backbone), 1645 (€N), 1549
(N—H), 1244 (G-O—C).

N-Acetyl-O'-(hex-5-enyl)-I-tyrosylvaline Methyl Ester/CO (10).
Monomer4 (6.7 mmol, 2.8 g) was copolymerized with CO in the same
manner as described for mononmr'H NMR (CDCk): 6 = 7.00
(2H, 2 HC=), 6.67 (2H, 2HC=), 4.86 (1H, CHCH,), 4.37 (1H,
C'HCH(CHg)2), 3.79 (2H, CHCH,0Ar), 3.65 (3H, COO@E!s), 2.93
(br., 2H, CHCHy), 2.79-2.34 (br., G4 and (H, oligomer backbone),
2.05 (1H, GH4(CHa),), 1.88 (3H, NHCOGEi3), 1.65-1.31 (br., 6H, 3
CHy), 0.82-0.77 (br., 6H, 2 El3). 1%C NMR (CDCk): 6 = 214.0,
212.2, 208.8C=0 oligomer backbone); 171.7 (br., overlapgedNH
and NHCOCH,), 170.2 COOCHy), 157.7, 130.3, 128.7, 114.3 (669,
67.3 (CHCH,0Ar), 57.5 C'HCH(CHs),), 54.5 C'HCH,), 51.9
(COOCHj3), 45.3-42.4 (br.,CH and CH, oligomer backbone), 37.6
(C'HCH,), 30.8 (CHCH(CHs)), 29.2, 28.8, 23.5 (3CHy), 22.9
(NHCOCH3), 18.8-17.9 (2C, 2CHz3). IR (cm™t, KBr): 3400 (br.,
N—H), 3000-2870 (CH, CH,, CH), 1747 (br., GO ester and Ac
groups) with shoulder at 1707 €0 oligomer backbone), 1648 (€
N.), 1548 (N-H), 1244 (G-O—C).

5-Hexen-1-yl-@-Tocopheryl)-ether/CO (11).The copolymeriza-
tion of monome: (6.8 mmol, 3.5 g) was performed in the same manner
as described for monomér The product was isolated by precipitation
of concentrated oligomer’s solution in cold acetoriél NMR
(CDCl): 6 = 3.59 (2H, CHCHOAr), 3.16-2.96 (br., 2H, G,
oligomer backbone), 2.522.40 (br., 3H, & oligomer backbone
overlapped with €, tocopheryl moiety), 2.262.05 (br., 9H, 3 Ei3),
1.73-1.07 (br., m, 32H), 0.870.84 (br., 12H, 4 E3). 1°C NMR
(CDCly): 6 = 212.4, 212.1, 208.7G=O0 oligomer backbone), 148.2,
147.6,127.6, 125.6, 122.6, 117.3 (ffx), 74.6 CCHz), 72.4 (CHCH,-
OAr), 45.6-42.2 (br.,CH and CH; oligomer backbone), 40.3, 39.3,
37.6-37.4, 32.7, 31.2, 27.9, 25.5, 24.7, 24.4, 23.6, 22.7, 22.6, 21.0,
20.6, 19.6, 12.7, 11.8, 11.7 (25 CH, and CH). IR (cm?, KBr):
2925-2864 (CH, CH,, CH), 1708 (G=0 oligomer backbone), 1458,
1377 (G=C arene), 1255 (€EO-C), 1088.

17#-5-hexenoyloxy-androst-4-en-3-one/CO (12)he copolym-
erization of monome6 (9.1 mmol, 3.5 g) was performed in the same
manner as described for monomer The product was isolated by
precipitation of concentrated oligomer’s solution in cold methattl.
NMR (CDCl): 6 = 5.65 (s, 1H, GI=C<), 4.52 (br., 1H, GIOCO),
3.04-2.83 (br., 1H, & oligomer backbone), 2.352.09 (br., m, 8H,
CH, oligomer backbone, 3 id,), 1.96-1.30 (br., m, 16H, 7 €, 2
CH), 1.12 (s, ®&i3), 0.98-0.88 (br., m, 3H, Ei,, CH), 0.77 (s, 3H,
CH3). 13C NMR (CDCk): 6 = 212.2-208.1 C=0 oligomer back-
bone), 198.9 €=O0 testosterone), 172. 0 ester linkage), 170.4

Communications

(CH=C<), 123.8 CH=C<), 82.2 (+CHOC), 53.6 CH), 50.1 CH),
45.1-42.3 (br., 3C,CH,, CH oligomer backbone, overlapped with
>CCHz), 38.4 (> CCH), 36.5 CH>), 35.6 CH>), 35.2 CH), 33.7 (2C,
OCQOCH; overlapped with &=CCH,), 32.5 CH,), 31.3 (2C, 2CH,),
27.4 CH,), 23.3 CH,), 22.2 CH>), 20.4 CH,), 17.2 CH3), 12.0 CH3).

IR (cm™%, KBr): 2940-2855 (CH, CH,, CH), 1731 (br., GO ester
linkage) with shoulder at 1706 €0 oligomer backbone), 1674 €€
O testosterone), 1230 (€O—C).
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