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Abstract—The first selective reductive amination of carbonyl telechelic oligoisoprene (CTPI) using NaBH(OAc); as the reducing
agent is described. An access to tri- and tetrafunctionalized oligoisoprenes is realized in two or three steps from CTPI in high yield.

© 2007 Elsevier Ltd. All rights reserved.

The design and the development of new polymers are a
continuous task for polymerists to target specific appli-
cations. In this respect, our group has developed an
interesting method! (Scheme 1) consisting of a selective
cleavage of synthetic or natural high molecular weight
polyisoprene leading to liquid carbonyl telechelic cis-
1,4 polyisoprenes (CTPI) with controlled microstruc-
ture, and with precise chain ends and functionalities
(fn = 2). These oligoisoprenes were engaged as precur-
sors in the synthesis of linear polyurethanes,> which
have showed very interesting physico-chemical and bio-
logical® properties as thermoplastic elastomers. To ex-
plore the scope of these oligomers, we were strongly
involved in the reactivity control of each CTPI carbonyl
chain end. Thus we particularly focused our efforts on
regioselective chemical modifications using direct reduc-
tive amination. Different chemical modifications were
tested affording polyfunctional oligomers. Beyond the
fundamental interest of such investigations, the objec-
tives behind chemical modification research are twofold:
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on one hand to prepare new materials for specific uses in
nontraditional areas, on the other hand to find alterna-
tive methodologies to conventional ones using environ-
mentally friendly sources such as natural rubber latex.

Direct reductive amination of carbonyl compounds,
which allows a one step access to amine from aldehydes
or ketones, is a well known reaction.*® However, to our
knowledge, very few authors described a selective direct
reductive amination towards aldehydes over ketones.

Thus, Oshawa and co-workers® carried out inter- and
intramolecular competition reactions in order to com-
pare the reactivity of aldehyde and ketone groups
towards aniline. They determined a complete selectivity
in favour of aldehydes under Hantzsch dihydropyridines
reduction’-® conditions, ketones remaining unchanged.
Rather than using similar reductive conditions, we opted
for the more traditional NaBH(OAc); reducing agent
because of its commercial availability and smooth
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reactivity demonstrated not to reduce neither isoprene
double bond nor ketone.** The first experiments were
carried out with butylamine,!® a very reactive primary
amine. Used in excess, it has been demonstrated that
the reductive amination occurred at the two chain ends
(Table 1, entry 1), whereas used in default (entry 2), a
mixture of oligomers was obtained. On the other hand,
we have shown that the use of ammonium acetate
towards CTPI (entry 3) led to a clean and selective
reductive amination of the aldehyde function only after
activation with acetic acid (Scheme 2). If this latter
derivative showed a good stability at room temperature

Table 1. Direct reductive amination of CTPI

a fast polycondensation occurred when heated above
40 °C.°

When less reactive amines are used, a complete selectiv-
ity was observed. Thus, when diethyl aminomalonate
was used (entry 4), the 'H NMR investigation showed
the disappearance of characteristic signals (CHO and
CH, o to the aldehyde) indicating a total conversion
of the aldehydic group, whereas the ketone entity did
not react even when 2 equiv of amine were used.!® This
suggested that the unshared pair of electron on the
amine nitrogen was not sufficiently nucleophilic to add

amine (2.1 equiv),

H
1

nBuNH, (2.1 equiv)
24 h, RT, solvent

BuH — NHBu
N

n

R
NaBH(OAc)3 (2.8 equiv), N _ 0
acetic acid (1 equiv) R
" 24 h,RT, solvent

2R=R'=H
4R =H, R = CH(CO,Et),
5 R = RI = CHchQEt

6 R = R' = CH,CH,Cl
7 R = R' = CH,CH,OH

3
Entry Amine* Product Yield (%)
1 n-Butylamine 3 86
2 n-Butylamine® — ND*¢
3 NH,;OAc 2 86
EtO,C
4 »—NH, 4 67
EtO,C
EtO,C —\
5 NH 5 84
Et0,C—/
Cl
6 NH 6 97
Cl
HO
7 NH 7 77

R

H

2 For entries 1, 2, 3, 5, 7: dichloroethane was used as the solvent of the reaction; for entries 4 and 6: a mixture of dichloroethane/DMF.

®1.2 equiv of amine was used.
“Not determined, mixture of oligomers.
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to the ketone. Moreover, no competing aldehyde>!'!

and/or ketone reduction was observed. Secondary
amines were then tested (entries 5-7) and afforded amine
oligomers in high yields. We confirmed that the selectiv-
ity of the reductive amination of aldehydes over ketones
was dependent on the nature and the substitution pat-
tern of the amine.

It is worth noting that alcohol oligoisoprene 8'2 can be
prepared by a selective reduction of diester 5 using
NaBH, as depicted in Scheme 3. From the same diester
5, the interesting triol 9'3 was synthesized switching the
reductant to LiAlH, (Scheme 3). At last, diol 7 was pro-
duced directly from CTPI (entry 7). Thus, three comple-
mentary oligoisoprenes bearing hydroxy groups were
obtained from CTPI in one or two steps. These precur-
sors could offer various possibilities to design new poly-
mers. From dichlorooligoisoprene 6, chlorines are easily
substituted by azido group (Scheme 4). Organic azides'*
are particularly useful intermediates in synthetic chemis-
try because they are readily introduced into molecules.
They can be engaged in 1,3-dipolar additions or they
can be transformed into a variety of functionalities such
as azo or amine compounds in order to obtain polyure-

b
H EtO,C
o _ o2 L T\ _ o
- Et0,C—/
1 5 n
C

thane foams and coatings. Finally, reduction of 10'3
using Staudinger conditions!'® afforded diamino oligo-
isoprene 11'7 confirmed by IR investigations showing
the disappearance of azido bands.

From a telechelic oligomer, a trifunctional oligomer was
obtained with a possible orthogonal modification of the
various functionalities. We, then, focused on tetrafunc-
tional oligoisoprenes. Indeed, tetraamine macromono-
mer 14'® could be obtained by a double reductive
amination of end chain ketone employing N,N’-ethylene
diamine and starting from 6. In this case, ethylene dia-
mine in the presence of acetic acid is nucleophilic en-
ough to form iminium salt and dimer 12 was obtained
in good yield. Chlorines were then substituted with azi-
do groups, which were easily reduced in primary amine
in nonoptimized yield (Scheme 4).

In summary, CTPI can be modified selectively without
any protection of the ketone moiety by reductive amina-
tion using prefunctionalized amine. Chemical modifica-
tions of these functionalities lead in two or three steps
to interesting tri or tetrafunctionalized oligomers. A
wide panel of macromolecules with different degree of
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Scheme 3. Reagents and conditions: (a) reductive amination; (b) NaBHy, 60 °C, 6 h (83%); (c) LiAlHy4, Et,0, rt, 5 h (68%).
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Scheme 4. Reagents and conditions: (a) NH,CH,CH,NH,, NaBH(OAc);, CH;CO-H, DCE, 24 h, rt (90%); (b) NaN3;, THF/DMF, 24 h, 75 °C; (c)

PPH,, THF, H,0.
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functionality is obtained and could lead to various
hyperbranched polymers.
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The reaction performed at 60 °C went to completion after
4 h (disappearence of characteristic signals in 'H NMR).
Molecular weight, measured by light diffusion has reached
50,000 g/mol.

General synthetic procedure for reductive amination of
CTPI. Carbonyl telechelic cis-1,4-oligoisoprene 1
(0.04 mol/L) and amine (2.1 equiv, see Table 1) in solvent
(dichloroethane or dichloroethane/DMF) were mixed in a
three-necked round bottom flask. The solution was then
treated with sodium triacetoxyborohydride (2.8 equiv) and
glacial acetic acid (1 equiv) at room temperature. After
stirring for 24 h, the reaction mixture was washed with 1 N
NaOH solution. The organic layer was then dried
(MgSO4) and concentrated to dryness. 'H NMR
(400 MHz, CDCl3) of a-carbonyl-o-N-malonateaminote-
lechelic cis-1,4-oligoisoprene 4, ¢ (ppm): 1.28 (4,
J=7.6 Hz, CHj; ester), 1.67 (s, CHj; isoprene), 2.04 (s,
2 x CH, isoprene), 2.13 (s, CH; o to ketone), 2.26 (m, CH,

11.

12.

13.

14.

15.
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B to ketone), 2.43 (t, J =7 Hz, CH, a to ketone), 2.57 (m,
CH, o to nitrogen), 4.03 (CH malonate), 4.28 (q, CH,
ester), 5.12 gm, CH isoprene); IR (KBr): 3400, 1748, 1721,
1664 cm~!. "H NMR (400 MHz, CDCl5) of a-carbonyl-o-
N,N-diethylacetateaminotelechelic cis-1,4-oligoisoprene 5,
0 (ppm): 1.28 (t, J=7.5Hz, CH; ester), 1.67 (s, CH;
isoprene), 2.04 (s, 2 x CH, isoprene), 2.13 (s, CH; o to
ketone), 2.26 (m, CH, B to ketone), 2.43 (t, J=7.9 Hz,
CH, o to ketone), 2.69 (m, CH, o to nitrogen), 3.54 (s,
CO-CH>-N), 4.17 (q, J = 7.5 Hz, CH, ester), 5.12 (m, CH
isoprene); IR (KBr): 1748, 1721, 1664, 1448 cm~!. 'H
NMR (400 MHz, CDCl;) of a-carbonyl-m-N,N-dichloro-
ethylaminotelechelic cis-1,4-oligoisoprene 6, 6 (ppm): 1.67
(s, CHj; isoprene), 2.04 (s, 2 x CH, isoprene), 2.13 (s, CHj3
o to ketone), 2.26 (m, CH, P to ketone), 2.43 (t,
J=7.3 Hz, CH, a to ketone), 2.54 (m, CH, « to nitrogen),
2.86 (t, J="7.2 Hz, CI-CH,~CH,-N), 3.49 (t, J= 7.2 Hz,
C17CH27CH27N), 5.12 (m, CH isoprene); IR (KBr): 1721,
1664, 1448 cm~'. 'H NMR (400 MHz, CDCl;) of a-
carbonyl-®-N,N-dihydroxyethylaminotelechelic  cis-1,4-
oligoisoprene 7, ¢ (ppm): 1.67 (s, CH; isoprene), 2.04
(s,2 x CH, isoprene), 2.13 (s, CH; o to ketone), 2.26 (m,
CH, B to ketone), 2.43 (t, J=7.9 Hz, CH, a to ketone),
2.54 (m, CH, o to nitrogen), 2.69 (t, J=5.4 Hz, HO-
CH,-CH>-N), 3.63 (t, J=54Hz, HO—CHZ—CHZ—N?,
5.12 (m, CH isoprene); IR (KBr): 3400, 1721, 1664 cm™".
Aldehyde could be reduced before imine formation, see:
Caufield, T. J.; Prasad, C. V. C.; Prouty, C. P.; Saha, A.
K.; Sardano, M.; Schairer, W. C.; Yawman, A.; Upson,
D. A.; Kruse, L. I. Bioorg. Med. Chem. Lett. 1993, 12,
2771.

Synthesis of a-hydroxy-m-N,N-diethylacetateaminotelech-
elic cis-1,4-oligoisoprene 8: Sodium borohydride (NaBH,)
(49 mg, 1.29 mmol) in 5 mL of THF was added dropwise
to a solution of a-carbonyl,m-N,N-diethylacetateaminote-
lechelic cis-1,4-oligoisoprene 5 (0.4 g, 0.21 mmol) in 10 mL
of THF. After stirring for 6 h at 60°C, hydrolysis of
borane complexes was performed after cooling by drop-
wise addition of THF solution on ice. The reaction
mixture was washed with saturated aqueous NaCl and
dried (MgSQ,). The solvent was evaporated under reduced
pressure to afford 8 in 83 % yield. 'H NMR (400 MHz,
CDCl;) 6 (ppm): 1.18 (d, J= 6.5 Hz, CH; B to OH), 1.26
(t, J="7.3 Hz, CHj; ester), 1.67 (s, CH; isoprene), 2.04 (s,
2 x CH, isoprene), 2.69 (m, CH, o to nitrogen), 3.54 (s,
CO-CH»-N), 3.80 (m, CH-OH), 4.17 (q, / = 7.3 Hz, CH,
ester), 5.12 (m, CH isoprene); IR (KBr): 3450, 1748,
1664 cm ™.

Synthesis of o-hydroxy-m-N,N-dihydroxyethylaminote-
lechelic cis-1,4-oligoisoprene 9: To a solution of lithium
aluminohydride 1 M in Et,O (1.05mL, 1.05 mmol) in a
three-necked round bottom flask with magnetic stirring
under nitrogen atmosphere, a-carbonyl,®-N,N-diethyl-
acetateaminotelechelic cis-1,4-oligoisoprene 5 (0.281 g,
0.15 mmol) in 15 mL of Et,O was added at 0 °C. After
stirring for 5h at room temperature, hydrolysis of
lithioaluminate complexes was performed by dropwise
addition of water at 0 °C. The organic layer was separated
and dried. The solvent was removed under reduced
pressure to give 9 in 68% yield. 'H NMR (400 MHz,
CDCl;) 6 (ppm): 1.18 (d, J= 6.1 Hz, CH3 B to OH), 1.67
(s, CHj; isoprene), 2.04 (s, 2 x CH; isoprene), 2.54 (m, CH,
o to nitrogen), 2.67 (t, J=5.4 Hz, HO-CH,-CH»-N),
3.62 (t, J = 5.4 Hz, HO-CH,-CH,-N), 3.80 (m, CH—OH?,
5.12 (m, CH isoprene); IR (KBr): 3400, 1664, 1448 cm™ .
Scriven, E. F. V.; Turnbull, K. Chem. Rev. 1988, 88, 297—
368.

Synthesis of a-carbonyl,o-N, N-diazidoethylaminotelechelic
cis-1,4-oligoisoprene 10: a-carbonyl,®-N,N-dichloroethyl-
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aminotelechelic cis-1,4-oligoisoprene 6 (1477 g,
0.71 mmol) in 8 mL of THF and 15mL of DMF and
sodium azide (NaN3, 0.186 g, 2.86 mmol) were stirred for
24 h at 75°C into a three necked round bottom flask under
nitrogen atmosphere. The reaction mixture was poured
into 5 mL of cold H,O and the product was extracted with
Et,O. The organic layer was dried and the solvent was
removed under reduced pressure to give 10 in 89% yield.
'H NMR (400 MHz, CDCl;) 6 (ppm): 1.67 (s, CH;
isoprene), 2.04 (s, 2 x CH, isoprene), 2.13 (s, CH; o to
ketone), 2.26 (m, CH, B to ketone), 2.43 (t, J=7.3 Hz,
CH, a to ketone), 2.51 (m, CH, o to nitrogen), 2.71 (t,
J=5.8Hz, N3-CH,~CH,-N), 3.30 (t, J=5.8 Hz, N3—
CH,-CH,-N), 5.12 (m, CH isoprene); IR (KBr): 2120,
1721, 1664cm™'. A similar procedure was used to
synthesize 13 (83%). 'H NMR (400 MHz, CDCl;) of 13,
d (ppm): 1.05 (d, J=6.2 Hz, CH; B to NH), 1.67 (s, CHj3
isoprene), 2.04 (s, 2 x CH, isoprene), 2.61 (m, CH o to
NH), 2,71 (t, J = 5.8 Hz, N3-CH,~CH,-N), 2.75 (m, NH-
CH,-CH,-NH), 3.30 (t, J=5.8 Hz, N3—CH2—CH2—N2,
5.12 (m, CH isoprene);. IR (KBr): 2120, 1721, 1664 cm™".
For a review of the Staudinger reaction, see: Gololobov,
Y. G.; Zhmurova, 1. N.; Kasukhin, L. F. Tetrahedron
1981, 37, 437-472.

Synthesis of o-carbonyl,®-N, N-diaminoethylaminotelechelic
cis-1,4-oligoisoprene 11: a suspension of triphenylphos-
phine (0.321 g, 1.45 mmol) in 2 mL of H,O was added to
a-carbonyl,w- N, N-diazidoethylaminotelechelic cis-1,4-oli-
goisoprene 10 (1.256 g, 0.60 mmol) in 10 mL of THF into
a round bottom flask. After 24h stirring at room
temperature, the reaction mixture was washed with H,O
(5mL). The product was extracted with Et,O and dried
(MgSO,). The solvent was removed under reduce pressure

18.

to give 11. 'H NMR (400 MHz, CDCl5) & (ppm): 1.67 (s,
CHj3; isoprene), 2.04 (m, 2 x CH, isoprene), 2.13 (s, CH3 o
to ketone), 2.26 (m, CH, f to ketone), 2.43 (m, CH, o to
ketone), 2.52 (m, 3xCH, o to nitrogen), 2.74 (t,
J=17.3Hz, H,N-CH,-CH,-N), 5.12 (m, CH isoprene);
IR (KBr): 1721, 1664, 1448 cm™". A similar procedure was
used to synthesize 14 (25%). 'H NMR (400 MHz, CDCl5)
of 14, § (ppm): 1.03 (d, J= 6.2 Hz, CH3, B to NH), 1.67
(s, CHj3 isoprene), 2.04 (m, 2 x CH, isoprene), 2.48 (t,
J=17.3Hz, NH,~-CH,~CH,-N), 2.51 (m, CH,-N), 2.64
(m, CH o to NH), 2.71 (t, J=7.3Hz, NH,-CH>—
CH,-N), 2.74 (m, NH-CH,~CH,-NH); IR (KBr): 1664,
1448 cm ™.

Preparation of N,N-dichloroethylaminotelechelic macromo-
nomer 12: a-carbonyl,m-N,N-dichloroethylaminotelechelic
cis-1,4-oligoisoprene 6 (0.992 g, 0.45 mmol) in 10 mL of
dichloroethane and ethylene diamine (15 pL, 0.23 mmol)
were mixed into a three-necked round bottom flask with
magnetic stirring under nitrogen atmosphere. The mixture
was then treated with glacial acetic acid (26 pL,
0.45 mmol) and sodium triacetoxyborohydride (0.137 g,
0.62 mmol). After stirring for 24 h at room temperature
under nitrogen atmosphere, the reaction mixture was
washed with 1 N NaOH solution and the product was
extracted with dichloromethane. The organic layer was
separated and dried (MgSQOy). The solvent was removed
under reduced pressure to give 12 in 90% yield. '"H NMR
(400 MHz, CDCl5) 6 (ppm): 1.06 (d, J = 6.5 Hz, CH3 B to
NH), 1.67 (s, CHj; isoprene), 2.04 (s, 2 x CH, isoprene),
2.54 (m, CH, a to N), 2.62 (m, CH o to NH), 2.77 (m,
NH-CH,-CH,-N-), 2.86 (t, J=6.8 Hz, CI-CH,~CH>—
N), 3.49 (t, J=6.8 Hz, CI-CH,-CH,-N), 5.12 (m, CH
isoprene); IR (KBr): 1664 cm™".
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