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ABSTRACT: The samarium(ll) aryloxide complexes Sm(OAr),(THF); and [(CsMes)Sm(u-OAr)]. (Ar =
CeH,'Bu,-2,6-Me-4) showed an extremely high activity for the ring-opening polymerization of e-caprolactone
(CL) and o-valerolactone (VL). By using Sm(OAr)(THF); as an initiator, polyesters with very high
molecular weight (M, up to 6 x 10° and relatively narrow molecular weight distributions (MW/Mp, <
1.65) could be quantitatively obtained within a few minutes at room temperature. y-Butyrolactone (BL)
did not polymerize under the similar conditions. However, the copolymerization of BL with CL took place
under the coexistence of both monomers, which gave CL—BL copolymers in which the BL units all exist
in an isolated form, and the CL units all in blocks, as confirmed by the two-dimensional *H—3C HMQC
and HMBC NMR studies. Part of the previously reported *C NMR spectrum of poly(e-caprolactone) was
reassigned on the basis of the two-dimensional H—'3C HMQC NMR study. In all these polymerization
reactions, incorporation of the CH3O group of quenching methanol into the end of polymer chains was
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observed.

Introduction

The ring-opening polymerization of lactones is a
convenient method for the synthesis of biodegradable
polyesters, which are of great potential for applications
in various areas such as agriculture and medicine.! The
polymerization reactions can be achieved by using a
variety of metal catalysts,~6 among which lanthanide
catalysts have received most current interest due to
their high activity and the capability of producing
narrow polydispersity polymers.6 Divalent®2b and
trivalent®¢9 lanthanide metallocene complexes and
trivalent lanthanide alkoxides®" " are typical examples
of the lanthanide initiators for living polymerization of
lactones.

As part of our recent studies on lanthanide(ll) aryl-
oxide complexes in polymerization reactions,” we have
investigated their activity for the ring-opening polym-
erization of lactones. In this paper, we report the
polymerization and copolymerization of e-caprolactone
(CL), o6-valerolactone (VL), and y-butyrolactone (BL) by
the samarium(l1) aryloxide complexes Sm(OAr),(THF)3"2
and [(CsMEs)Sm(‘M—OAr)]Q (Ar = CeHztBUZ-Z,G-Me-4).7b
We have found that these easily available samarium-
(1) aryloxide complexes are extremely active for the
polymerization of CL and VL. Compared to most of the
previously reported initiators, they show a much higher
activity and can produce polymers with very high
molecular weights and relatively narrow molecular

T The Institute of Physical and Chemical Research (RIKEN).
* Chiba University.

10.1021/ma990101l CCC: $18.00

weight distributions. By using Sm(OAr)(THF); as an
initiator, copolymerization of CL with BL has been
achieved, which gives a new type of CL—BL copolymers
under the presence of both monomers. Careful examina-
tion of the resulting polymers by NMR spectroscopy has
led to the discovery of incorporation of the alkoxy groups
of quenching alcohols into the end of polymer chains and
to reassignment of the previously reported *C NMR
spectrum of poly(e-caprolactone).

Results and Discussion

Polymerizations of e-Caprolactone (CL) and
o0-Valerolactone (VL). The polymerization reactions of
CL and VL with Sm(OAr),(THF)3; were carried out in
toluene at room temperature. Upon addition of a
monomer, an immediate color change from dark brown
to pale yellow was observed, suggesting that the Sm-
(1) species was converted into a Sm(I11) species.62 The
resulting pale yellow solution became viscous very
quickly, which thus seriously hampered the magnetic
stirring. Addition of methanol precipitated the colorless
polymers.

Representative results of the polymerization of CL
and VL are shown in Table 1. The polymerization of 100
equiv of CL by Sm(OAr),(THF); was completed in less
than 2 min, yielding poly(e-caprolactone) with M, = 3.4
x 10* and My/M, = 1.52 (run 1, Table 1). When the
monomer/initiator ratio was increased, the molecular
weight of the resulting polymers also increased almost
linearly, with little changes in the molecular weight
distributions being observed (runs 1—4, Table 1; see also
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Table 1. Polymerization of e-Caprolactone (CL) and é-Valerolactone (VL) by Samarium(ll) Aryloxide Complexes?

run initiator (mmol) monomer  [monomer]/[Sm]  time (min) yield (%) Mn(x 1074  My/MpP  efficiency (%)
1 Sm(OAr)2(THF)3 (0.1) CL 100 2 100 34 1.52 34
2 Sm(OATr)(THF)3 (0.1) CL 500 2 100 15.3 1.43 40
3 Sm(OATr)2(THF)3 (0.05) CL 1000 5 100 26.5 141 46
4 Sm(OAr)2(THF)3 (0.02) CL 2000 5 100 62.6 1.56 38
5 Sm(OAr)2(THF)3 (0.1) VL 100 1 95 25 1.55 38
6 Sm(OAr)(THF); (0.1) VL 500 1 98 11.2 1.62 43
7 Sm(OATr)2(THF)3 (0.05) VL 1000 2 95 15.8 1.65 63
8 [(CsMes)Sm(u-OAr)]2 (0.02) CL 500 2 99 12.3 1.40 46

a All reactions were carried out at room temperature in toluene (ca. 1 mL per mmol of monomer). ® Determined by gel permeation

chromatography (GPC) against polystyrene standard.
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Figure 1._Molecular weight vs monomer-to-initiator ratio for
the polymerization of e-caprolactone with Sm(OCg¢H»-'Bu,-2,6-
Me-4)2(TH F)3
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Figure 2. GPC profile of poly(e-caprolactone) with M, = 62.6
x 10* and Myw/M, = 1.56 (run 4, Table 1).

Figure 1). When 2000 equiv of CL was used, a polyester
with My, of as high as 62.6 x 10* and M,,/M,, = 1.56 was
quantitatively obtained within 5 min (run 4, Table 1).
It was also found that the present Sm(OAr)(THF)-
based polymerization system was still active even after
complete consumption of the substrate. For example,
addition of 100 equiv of CL to a completed polymeriza-
tion solution of CL (100 equiv) and Sm(OAr)(THF)3
produced rapidly a polymer whose molecular weight (Mp
= 6.8 x 10%) was as twice as that (M, = 3.4 x 10%)
obtained from the initial polymerization solution (cf. run
1, Table 1).

Under similar conditions VL could also be quantita-
tively polymerized by Sm(OAr),(THF); within a few
minutes. The molecular weight of the resulting poly(o-
valerolactone)s also increased as the monomer/initiator
ratio was increased (runs 5—7, Table 1).
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(e}
(0}
CHgOH _ CHaO)@K/\/\/ WOH
o

0]

O Sm(OAr),(THF)3
(n+1) _
room temp.
toluene

o

CHyCH,0H ()K/\/\/O

e 2 CH4CH,0 ‘)ﬁ(\/\/\OH
o

These results clearly demonstrate that the samarium-
(I bis(aryloxide) complex Sm(OAr),(THF);3 is an ex-
tremely active initiator for the polymerization of CL and
VL. It is much more active than the previously reported
lanthanide metallocene complexes,52~9 probably due to
the smaller steric hindrance of the ArO ligand compared
to that of CsMes.%27¢8 It is also noteworthy that all
polymer products obtained in the present reactions
showed a unimodal molecular weight distribution (for
an example, see Figure 2), which is in contrast with
what was observed in the samarocene(ll) (CsMes),Sm-
(THF)x-promoted reactions.®® The latter yielded poly-
mers showing, to some extent, bimodal molecular weight
distributions, due to the degradation of the initially
formed polymers by the samarium species.5 The present
reactions are also in contrast with those promoted by
other non-metallocene Sm(Il) initiators, such as Sm-
(N(SiMe3)2)2(THF), and Smly(THF)2, which produced
polymers with much broader polydispersities (around
3.0).62

The CsMes/OAr-ligated heteroleptic Sm(l11) complex
[(CsMes)Sm(u-OAr)]; is also active for the ring-opening
polymerization of CL. When 500 equiv of CL was used,
poly(e-caprolactone) with M, = 12.3 x 10* and My/M,
= 1.40 was obtained almost quantitatively in 2 min (run
8, Table 1). Similar to those obtained in the case of Sm-
(OAr)(THF)3, the polymer obtained in this reaction also
showed a unimodal and moderately narrow molecular
weight distribution, suggesting that ligand redistribu-
tion of [(CsMes)Sm(u-OAr)], to give Sm(OAr); and (Cs-
Mes),Sm did not occur during the polymerization.”8

As for the mechanistic aspects of the present polym-
erization reactions, it is apparent that the Sm(ll) ion
was oxidized at the early stage, and the polymerization
was probably catalyzed by a Sm(I1) species.62° How-
ever, details on the initial step of the polymerization
reaction are not yet clear. A careful examination of the
polymer products by H NMR spectroscopy has revealed
that these polymers all contained a methoxy end group,
which appeared as a singlet at 6 3.67 in the 'TH NMR
spectrum (Scheme 1 and Figure 3a). When the polym-
erization was quenched by ethanol instead of methanol,
a polymer containing an ethoxy group was obtained,
which showed a quartet at 6 4.13 for the CH; group and
a triplet at ¢ 1.26 for the CH3 group (Scheme 1 and
Figure 4). Obviously, the methoxy and ethoxy groups
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Table 2. Copolymerization of e-Caprolactone (CL) with y-Butyrolactone (BL) by Sm(OAr)2(THF)32

content of BL

conversion of conversion of

run BL (mmol) CL (mmol) time (mol %)P BL (%) CL (%) Mp (x 1074)¢ Mw/Mp®
1d 10 10 10 min 11 8 65 2.6 1.55
2 10 10 10 min 12 9 64 2.8 1.50
3 50 10 2h 22 3 58 5.7 1.63
4¢ 20 20 10 min 11 8 64 12.9 1.42

a All reactions were carried out at room temperature by addition of a mixture of CL and BL to 0.1 mmol of Sm(OAr),(THF)3 in toluene
(ca. 1 mL of toluene per mmol of a monomer), unless otherwise noted. ® The content of BL unit in copolymers, determined by 'H NMR.
¢ Determined by gel permeation chromatography (GPC) against polystyrene standard. 9 CL was added to a reaction mixture of

SM(OATr),(THF)3; and BL. ¢ 0.04 mmol of Sm(OAr)(THF); was used.
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Figure 3. Full assignment of (a) *H NMR (600 MHz) and (b)
13C NMR spectra of poly(e-caprolactone) obtained by using Sm-
(OCsH2-'Buz-2,6-Me-4),(THF);3 as an initiator and quenching
with CH30H (cf. run 1, Table 1).

in these polymers were derived from the corresponding
qguenching alcohols. The present acylation of methanol
and ethanol apparently requires the presence of an
electrophilic acyl end group in the original polymer
chains. This might suggest that an aryl ester end group
(ArOOC) could probably be formed initially via an attack
of the ArO group to a CL monomer.1° However, attempts
to gain structural information on the end group of a
polymer or oligomer species prior to alcoholysis were
not successful due to the influence of the paramagnetic
samarium species.

Copolymerization of e-Caprolactone (CL) with
y-Butyrolactone (BL). In contrast to CL (seven-
membered ring) and VL (six-membered ring), the five-
membered BL is thermodynamically stable and known
as a nonpolymerizable monomer.12 For example, both
CL and VL can be easily polymerized by (CsMes),YOMe,
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Figure 4. Part of the *H NMR spectrum (600 MHz) of poly-
(e-caprolactone) obtained by using Sm(OC¢H,-'Bu,-2,6-Me-4),-
(THF);3 as an initiator and quenching with CH3;CH,OH.

0.0 75 15.0 min
Figure 5. GPC profile of a CL—BL copolymer with M, = 2.8
x 10* (Mw/M, = 1.50) and BL content of 12 mol % (cf. run 2,
Table 2).

whereas the reaction of BL with (CsMes),YOMe gives
only a simple adduct, (CsMes),Y(OMe)(BL),% which is
stable and does not undergo ring-opening reaction. In
an attempt to check the activity of Sm(OAr),(THF);
toward BL, the reaction of Sm(OAr),(THF); with 100
equiv of BL was carried out in toluene at room temper-
ature. Upon addition of BL an immediate color change
from dark brown to pale yellow was observed as in the
case of CL and VL. However, no polymer product was
obtained. Interestingly, when 100 equiv of CL was
added to this yellow reaction mixture, a CL—BL copoly-
mer, which contained 11 mol % of BL unit, was obtained
(run 1, Table 2). Addition of a mixture of 100 equiv of
CL and 100 equiv of BL to a toluene solution of Sm-
(OAI)2(THF)3 also yielded a similar copolymer that
contained 12 mol % of BL unit (run 2, Table 2; Scheme
2). When BL was increased from 100 to 500 equiv, the
BL content in the copolymers increased from 12 to 22
mol % (run 3, Table 2). The increase of both CL and BL
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% (cf. run 2, Table 2).

1H NMR spectrum (600 MHz) of a CL—BL copolymer with M, = 2.8 x 10* (Mw/Mn, = 1.50) and BL content of 12 mol
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Figure 7. Full a53|gnment of the 13C NMR spectrum of a CL—BL copolymer with M, = 2.8 x 10* (Mw/M, = 1.50) and BL content

of 12 mol % (cf. run 2, Table 2).
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from 100 to 500 equiv led to the increase of the
molecular weight (M,) of the resulting copolymers from
3.1 x 10*t0 12.9 x 10* (cf. runs 2 and 4, Table 2). The
GPC profiles of the copolymer products all showed a
unimodal narrow molecular distribution (My/M, =
1.42—1.63). A typical example is shown in Figure 5.

The H and ¥C NMR spectroscopic studies have
shown that these CL—BL copolymers are different from
any of the conventional alternating, block or random
copolymers. The 'H and 13C NMR spectra of a CL—BL

Scheme 2

Sm(OAr)Z(THF);;

room temp
toluene

copolymer with BL content of 12 mol % are shown in
Figures 6 and 7, respectively. The IH NMR spectrum
showed two sets of signals, which have significantly
different intensities (Figure 6). The one set of strong
signals at 6 4.06, 2.31, 1.65, and 1.38 was identical with
that of homo-poly(e-caprolactone) (PCL) (cf. Figure 3a)
and could therefore be assigned to the PCL units of the
copolymer, while the other one set of weak signals at o
4.10, 2.38, and 1.96 could be easily assigned to the BL
unit (Figure 6). The significant difference in intensity
between these two sets of signals clearly excludes the
possibility that the copolymer is an alternating one. The
13C NMR spectrum showed three signals (6 173.22,
173.07, and 172.52) in the carbonyl carbon region
(Figure 7). This suggests that the copolymer is neither
block nor random, since a CL—BL block copolymer
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Figure 8. Part of the *H—3C HMQC NMR spectrum of a CL—
BL copolymer with M, = 2.8 x 10* (Mw/M, = 1.50) and BL
content of 12 mol % (cf. run 2, Table 2) (see also Figures 6
and 7).

should show four signals (two strong ones for the blocks
and two very weak ones for the joint units) in the
carbonyl carbon region, while a random CL—BL copoly-
mer would give more complex signals.

Further studies by the two-dimensional tH—3C HMQC
(*H-detected multiple quantum coherence) and HMBC
(*H-detected multiple-bond heteronuclear multiple quan-
tum coherence) NMR experiments provided more de-
tailed information on the structure of the copolymer. It
was revealed that the BL units in the copolymer all exist
in an isolated form and the CL units all in blocks;
between each two CL blocks is inserted a single BL unit.
The full assignment of the 13C NMR spectrum for the
CL—BL copolymer is given in Figure 7. The six strong
signals at 6 173.22, 64.03, 34.07, 28.31, 25.50, and 24.54
were almost identical with those of homo-poly(e-capro-
lactone) (PCL) and could therefore be assigned to the
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PCL units of the copolymer (Figure 7, see also Figure
3b). On the basis of the TH—3C HMQC NMR spectrum
shown in Figure 8, the signals at 6 30.73 and 24.05 could
be easily assigned to the carbon atoms 9 and 10,
respectively (Figure 7). The 'H—13C HMBC spectrum
has shown that the 13C NMR signals at 6 172.52 (Figure
9b) and 6 63.21 (Figure 9a) are both related to the
protons on the carbon atoms 9 (6 2.38) and 10 (6 1.96).
This suggests that the two carbon atoms appearing at
0 172.52 and ¢ 63.21 are not far from the carbon atoms
9 and 10 in the polymer skeleton and could therefore
be assigned to the carbon atoms 8 (6 172.52) and 11 (6
63.21), respectively (Figure 7). By comparison with the
13C NMR signals of the PCL units, it is now not difficult
to assign the remaining signals at 6 173.07, 64.26, and
33.98 to the carbon atoms 12, 7, and 13, respectively
(Figure 7). Furthermore, the HMBC NMR spectrum has
shown that the 13C NMR signal for the carbon atom 12
(6 173.07), which belongs to a CL unit, is related to the
protons on the carbon atom 11 (6 4.10) of a BL unit
(Figure 9b). This clearly shows that the CL unit and
the BL unit are connected in the polymer.

It is also worthwhile to point out that the 13C NMR
signal of the carbon atom 4 (6 25.50) in the PCL units
is low field shifted compared to that of the carbon atom
3 (0 24.54) (Figures 3b and 7), although the 'H NMR
signal of the protons on the carbon atom 4 (6 1.38) is
high field shifted compared to that on the carbon atom
3 (0 1.65) (Figures 3a and 6), as confirmed by HMQC
NMR spectroscopy (see Figure 8). In previous reports,
the 3C NMR signals for these two atoms were incor-
rectly assigned without confirmation by a two-dimen-
sional TH—13C NMR experiment.4ab.5c.6m

It was also found that the copolymerization reactions
of CL with BL took place only under the coexistence of
both monomers. When 100 equiv of BL was added to a
reaction mixture of CL (100 equiv) and Sm(OAr)(THF)3,
in which all the CL monomer had been completely
polymerized, the incorporation of BL into the polymer
was almost negligible (<1%), although the completed
polymerization mixture was confirmed to be active for
further polymerization of CL (vide supra). This result
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Figure 9. Part of the *H—3C HMBC NMR spectrum of a CL—BL copolymer with M,, = 2.8 x 10* (M./M, = 1.50) and BL content

of 12 mol % (cf. run 2, Table 2) (see also Figures 6 and 7).
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well demonstrated that continuous insertion or polym-
erization of BL to form a BL block or BL homopolymer
was difficult in the present system. This is consistent
with the fact that no BL block was observed in the CL—
BL copolymers, as well as with the well-known inertness
of BL toward homopolymerization.12

Although CL itself could be quantitatively polymer-
ized by Sm(OAr)2(THF); within 5 min in the absence of
BL (cf. Table 1), its conversion in the copolymerization
reactions was only 65% or less under the similar
conditions (see Table 2). Apparently, the polymerization
speed of CL became much slower when BL was present.
This is probably due to the coordination of the less
polymerizable BL to the active Sm center, which inter-
fered with the access of CL to the catalyst center.

As for the mechanistic aspects of the copolymeriza-
tion, in view of the great difference in reactivity between
CL and BL, the copolymerization reaction is probably
initiated by polymerization of CL. Since BL is smaller
than CL in size, it is easier for BL to access to the metal
center than for CL. An attack of the PCL active site to
a coordinated BL unit could result in the incorporation
of the BL unit into the polymer.® Since continuous
incorporation of BL does not occur as mentioned above,
further propagation of the polymer chain should result
from the subsequent insertion of CL units. Repetitions
of these processes would give a CL—BL copolymer in
which each two CL blocks are connected by a single BL
unit.

Concluding Remarks

We have demonstrated that the easily available
samarium(ll) aryloxide complexes Sm(OAr),(THF); and
[(CsMes)Sm(u-OAr)], are excellent initiators for the ring-
opening polymerization of CL and VL. By using Sm-
(OAr)2(THF)3 as an initiator, polyesters with very high
molecular weight (M, up to 6 x 10° and relatively
narrow molecular weight distributions (My/M, < 1.65)
can be quantitatively obtained at room temperature
within a few minutes. The copolymerization of CL with
BL by Sm(OAr),(THF); constitutes a rare example of
solution copolymerization of the nonpolymerizable BL
monomer.!! The formation of CL—BL copolymers with-
out BL blocks in the present reactions is unique, which
is in sharp contrast with what was observed in the case
of copolymerization of CL with VL® and the bulk
copolymerization of y-BL with other lactones.’'29 The
incorporation of the alkoxy groups of quenching alcohols
into the polymer chains in the present system is also of
interest, which, as far as we are aware, has not been
reported previously, although the mechanistic aspects
are yet to be clarified.

Experimental Section

All polymerization reactions were carried out under a dry
and oxygen-free argon atmosphere by using Schlenk tech-
niques or under a nitrogen atmosphere in a Mbraun glovebox.
The argon was purified by passing through a Dryclean column
(4A molecular sieves, Nikka Seiko Co.) and a Gasclean GC-
XR column (Nikka Seiko Co.). The nitrogen in the glovebox
was constantly circulated through a copper/molecular sieves
(4A) catalyst unit. The oxygen and moisture were constantly
monitored by an O,/H,O Combi-Analyzer to ensure that both
were always below 1 ppm. 'H and 3C NMR spectra were
recorded on JNM-LA600 (600.0 MHz for *H) and JNM-GSX
270 (67.80 MHz for 3C) spectrometers, respectively. Two-
dimensional NMR measurements were carried out on a JINM-
LA400 spectrometer. Chemical shifts are reported in parts per
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million downfield from tetramethylsilane. Molecular weights
and molecular weight distributions were determined against
polystyrene standard by gel permeation chromatography
(GPC) on a Shodex GPC System-11 apparatus with two KF
805L columns. THF was used as an eluent at 40 °C. Toluene
for polymerizations was distilled from sodium benzophenone
ketyl, degassed by the freeze—thaw method (three times), and
dried over fresh Na chips in the glovebox. e-Caprolactone (CL),
d-valerolactone (VL), and y-butyrolactone (BL) were purchased
from Tokyo Kasei Co., dried by stirring with CaH, for 24 h,
distilled under reduced pressure, and degassed by the freeze—
thaw method (three times). Sm(OAr)z(THF)s (Ar = CgH2'Bu,-
2,6-Me-4)"@ and [(CsMes)Sm(u-OAr)]." were prepared accord-
ing to literature procedures.

A Typical Procedure for Polymerization Reactions.
The procedures for the polymerizations of CL and VL are the
same (cf. Table 1), and only a typical procedure for polymer-
ization of CL is given below (run 2, Table 1). In the glovebox,
SM(OATI)2(THF); (80 mg, 0.1 mmol) was dissolved in 50 mL of
toluene in a two-neck flask that was equipped with a magnetic
stir bar and a dropping funnel containing 5.7 g of CL (50
mmol). The flask was taken outside and connected to a Schlenk
line. CL was added through the funnel with vigorous stirring.
The color of the mixture changed immediately from dark
brown to pale yellow, and the resulting pale yellow solution
quickly became viscous. The magnetic stirring was ceased
within a minute due to the viscosity. Addition of methanol
precipitated poly(d-caprolactone), which after filtration was
dried at 60 °C overnight and weighted (5.7 g, 100% yield). *H
NMR (22 °C, CDCls) (see also Figure 3a): 6 4.06 (t, J = 6.8
Hz, 2 H), 2.31 (t, 3 = 7.5 Hz, 2 H), 1.65 (m, 4 H), 1.38 (m, 2
H). 3C NMR (22 °C, CDClg) (cf. Figure 3b): 6 173.23, 64.04,
34.09, 28.33, 25.52, 24.57.

1H NMR for poly(o-valerolactone) (22 °C, CDCls): 6 4.08 (t,
J=59Hz 2H),234(t, J =69 Hz, 2 H), 1.68 (m, 4 H).

Quenching of the Polymerization Reaction of CL by
Ethanol. The polymerization reaction was carried out in the
same way as described above. Addition of ethanol precipitated
a polymer whose 'H NMR spectrum was identical with that
of the PCL obtained above, except the part for the ester end
group which was shown in Figure 4.

A Typical Procedure for Copolymerization of CL with
BL (Run 2, Table 2). In the glovebox, Sm(OAr),(THF); (80
mg, 0.1 mmol) was dissolved in 20 mL of toluene in a two-
neck flask that was equipped with a magnetic stir bar and a
dropping funnel containing a mixture of CL (1.14 g, 10 mmol)
and BL (0.86 g, 10 mmol). The flask was taken outside and
connected to a Schlenk line. The mixture of CL and BL was
added through the funnel with vigorous stirring. The color of
the mixture changed immediately from dark brown to pale
yellow, and the resulting pale yellow solution became viscous.
After 10 min, methanol was added to precipitate a colorless
polymer, which after filtration was redissolved into CHCI; and
precipitated again with methanol. After filtration and drying
under vacuum, 0.80 g of a colorless polymer was obtained. The
molar ratio of CL to BL in the polymer was 78:12 as confirmed
by 'H NMR. *H NMR (22 °C, CDClI3) (see also Figure 6): o
1.38 (m, PCL), 1.65 (m, PCL), 1.96 (quintet, J = 6.9 Hz, PBL),
2.31(t, J = 7.5 Hz, PCL), 2.38 (t, J = 7.7 Hz, PBL), 3.63—3.71
(m, CH,0OH), 3.67 (s, OCHj3), 4.06 (t, J = 6.8 Hz, PCL), 4.10 (t,
J = 6.6 Hz, PBL). 1*C NMR (22 °C, CDCls) (see also Figure 7):
0 173.22, 173.07, 172.52, 64.26, 64.03, 63.21, 34.07, 33.98,
30.73, 28.31, 25.50, 24.54, 24.05.
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