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hoth end of the polyamine is observed. The procedure is useful for the prcparatxon of polymer

containing different chiral and non-chiral polyamine functionalities. © 1998 Elscvier Science Litd.
All rights rescrved.

INTRODUCTION

Insoluble polymers containing polyamine chains have several important potential aplications.' Cyclic and
non-cyclic polyamines can interact, sometimes in a selective fashion, with a variety of species such as transition
metal cations, organic and inorganic anions and even neutral compounds, the exact behavior being modulated
by the pH of the medium.”> Accordingly, polymers containing such functionalities can be used for separation
processes or for the preparation of supported catalysts based on transition metal cations. Several examples of
this kind of polymers have been reported as well as their application in hydrometallurgy processes3 in
environmental applications® and in the preparation of some copper catalysts.” For the development of novel

supported catalysts that could be of interest for the Fine Chemicals industry, chirality has to he always taken
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into account as an essential factor.® This is also important when enantioselective separations are considered.
Accordingly, preparation of resins containing chiral polyamine chains is an important target. On the other hand
recent advances in the area of combinatorial chemistry demand further studies on the functionalization of solid
supports and on the development of useful synthetic transformations of the attached fragments. In this context,
a careful control of the synthetic procedure is needed in order to obtain polymers having structurally well
defined chiral sites that could afford reproducible results and allow for a rational design of novel supported
systems.

Here we report on our results on the preparation of polymers containing chiral aliphatic polyamine
chains. Diffcrent approaélles have been considered for the grafting of the desired functional groups onto

preformed polystyrene-divinylbenzene polymers and their scope and limitations have been studied.

0040-4020/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
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RESULTS AND DISCUSSION

he most simple situation was found when the grafting of ethylenediamines was considered.
Ethylenediamine (2) and (R,R)- or (S,5)-1,2-diphenylethylenediamine (3 and 4) were supported on crosslinked
polystyrene by reaction with a chloromethylated resin under conditions that prevent quaternization
(DMF/NaHCO3).’
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Complete disappearance of the C-Cl bands at ca. 1260 and 688 cm’' revealed a quantitative
transformation of the chloromethyl groups. However, the functionalization degree determined by nitrogen
analysis indicated the presence of the general structures 5-7 where both amino groups are linked to the

polymeric backbone. Similar crosslinking processes have been described with the use of other difunctional
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i with loadings of 0.4-0.5
mmol/g (DF=0.11).

For the introduction of polyamines such as the tetraamines 8a-11a, direct alkylation with polymers such
as 1 does not seem to be appropriate, as side reactions could also take place through the secondary nitrogen

atoms.
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polyamines at the primary amino groups can be generally obtained by the use of
appropriate N-protecting groups like tosyi or related groups.'' Thus, when pertosylated polyamines 2b, 8b-
11b were reacted with a Merrifield polymer (1.08 mmol Cl/g, 1% DVB, DF=0.11), in the presence of a base,
an uncomplete conversion of the chloromethyl groups was observed, giving place to the formation of resins
12b-16b with loadings of ca. 0.2 mmol/g (DF=0.05, 45% conversion). Additionally, deprotection to give the
desired supported polyamines 12a-16a could not be efficiently accomplished because of the very drastic

conditions required for N-detosylation.'" An obvious alternative was the use of a protective group requiring

milder deprotection conditions. Recently, the nitrobenzenesulfonyl (nosyl) group has been shown to be a
reasonable alternative for the protection of primary amino groups in N-alkylation

mild conditions for deprotection, conditions that, apparently, were compatible with the polymeric backbone.'”
According to this, the same procedure outlined in the Scheme 2 was carried out starting from polyamines 2c,
8c-11¢ (X=Nos). Quantitative conversions were obtained in the preparation of polymers 13¢-14¢ derived from
non-chiral pernosylated polyamines 8¢ and 9¢, but lower yields were obtained when chiral compounds 10¢ and
11c were used. Moreover, when elimination of the nosyl groups was attempted under the usual conditions
(PhSH, HSCH,COOMH,...), a partial loss of the polyamine moiety was always observed.

A second alternative assayed was the one shown in the Scheme 3 which does not require N-protection of
polyammes. In solution, this procedure has been shown to be very efficient for the terminal
f lin

alkylatlo ar polyamines. "’

~ NV ~ NI~
FCHO  + HN w HJ NH, —  \g#~CHN [ﬁ an N=HC\gJ

17 2a (n=0),8a-11a (n = 1) 18 (n =0), 19-22 (n = 1)
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Scheme 3

The polymeric benzaldehyde 17 was prepared by oxidation of the chloromethyl groups with DMSO
(1.006 mmol/g, 1% DVB, DF=0.11) as has been previously described." Reaction of 17 with polyamines 8a-

11a as well as with diamine 2a afforded polymeric diimines 18-22. This reaction can be easily monitored
P L ~f thha ~Anel hAangl hand ot 1700 r\m-l and the annearance nf a new (= hand
1y1 Udlid dut 17UV Uil dllu Ulv applaidlive Ul a Uy —iy valig

mrougn he CO“I‘p iete aisappearaince o1 tne caroot
at 1642 cm’'. Elementai analyses for these polymers showed, however, nitrogen conients slightly lower t
expected for resins 18-22.

Conversion of polymeric diimines 18-22 into supported polyamines 12a-16a could not be carried out
with the use of NaBH, under different conditions. A quantitative transformation was obtained, however, in all
cases with the use of BHy/THF. Thus, polymer-supported polyamines 12a-16a were obtained with loadings
ranging from 0.5 mmol/g for 12a to ca. 0.3 mmol/g for resins 13a-16a.
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iiral polyamines 10a and 11a were prepared from 1,3-propylenediamine and aminoacids phe"ly}alanine
A 1 Az M= P - Pre- . —— 15
and valine, diamides 23 246 h h This lead 1 i

approaches were used. According to the former results, reaction of compounds 23-24 with polymeric
benzaldehyde 17 gave supported diimines 25 and 26. A complete disappearance of the carbonyl band at 1700

cm’ was observed along with the presence of the new amide band at 1671 cm™. As in the former case, the
nitrogen content was lower than expected.

4")
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Scheme 4
Simultaneous reduction of both the imine and the amide groups could be easily achieved, in a quantitative
way, with the use of BH;/THF in refluxing THF. The corresponding polymers 15a and 16a with loadings of
0.25 mimol/g were thus obtained. Attempts to selectively reduce the imine groups to transform resins 25-26

into polymers 27-28 using milder conditions, were unsuccessful. A partial reduction of the amide group was
always obtained along with the complete reduction of the imine functionality as evidenced by FT-IR
spectroscopy.

In a second approach, direct reaction of diamides 23-24 with a Merrifield polymer, under conditions
similar to those used for ethylenediamines 2-4, afforded diamides 27-28. Quantitative conversion of the
chloromethyl groups could be monitored through the complete disappearance of the C-Cl band at ca.1260 cm’
in the FT-IR and , specially, in the FT-Raman spectra of those resins (see Figure 1). The presence of the
expected functional groups is shown by the observation of the amide C=0O band at 1670 cm’ as well as distinct
N-H bands (see Figure 1). Reduction of resins 27-28 with BH;/THF gave the desired polymers 15a-16a, again

in quantitative yields.
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Figure 1

CONCLUSIONS

Polymers containing polyamine chiral groups can be prepared in different ways starting from
chloromethylated resins. Direct alkylation at both ends of the polyamine chain can be accomplished when
ethylenediamines 2-4 or chiral diamides 23-24 are used. As an alternative, in particular for polyamines 8a-9a,
formation of polymeric diimines 18-22 and 25-26 can be obtained from resin bound benzaldehyde 10.
Reduction of the imine group as well as reduction of the amide functionality in 25-28, can be easily achieved
with the use of BH/THF. Preliminary experiments have shown that these polymers containing polyamine

y to that ennrted for related systems. Copper-

favored DV in¢ presence o1

-

of those resin are currently being carried ou

EXPERIMENTAL
Commercial polystyrene-divinylbenzene copolymers were purchased from Fluka and washed and vacuum
dried to constant weight before use. IR spectra of KBr pellets of polymers were recorded on a Perkin-Elmer
2000 FT-IR specirophotome ATnar were obtained on the Raman accesory for the same instrument
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Quantitative elemental analyses were performed in duplicate on a Carlo Erba EA
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A SUITEG aubycuoxuu of a Merrifield polymer (1% crosslinked, 1 mimol vg, DF = 011,
[(CioH10)0.01(CsHs)o.s5(CsHoCl)o.11]) (100 mg, 0.1 mmol) and (R,R)-1,2 diphenylethylenediamine 3 (64 mg, 0.3

mmol) in dry DMF (20 mL) containing anhyd. NaHCO; (25 mg, 0.3 mmol) was heated at 80°C for 24 h. The
resulting resin was filtered and washed (3x) with DMF, H,0, MeOH:H,O (1:2, 1:1, 2:1), CH,Cl, and vacuum
dried at 0°C overnight. IR (KBr): peaks absent at 1260 and 688 cm'. Anal. caled. for
[(CioH10)0.01(CsHs)0.8s(Ci16H16N)o.11]: C, 91.0; H, 7.6; N, 1.3. Found: C, 90.6; H, 8.0; N, 1.35. The nitrogen
content corresponds to 0.48 mmol/g (DF = 0.11).

General procedure for the preparation of polymer-supported diimines 18-22. Synthesis of 18.

A suspension of polymeric benzaldehyde (1% crosslinked, 1 mmol CHO/g, DF = 0.11,
[(CioH10)0.01(CsHg)o.8s(CoHgO)o.11]) (200 mg, 0.2 mmol) and ethylenediamine (36 mg, 0.6 mmol) in dry DMF
(20 mL) was heated at 80°C for 24 h. The resulting resin was filtered and washed (3x) with DMF, H,O,
MeOH:H,0, MeOH and CH,Cl; and vacuum dried at 5S0°C overnight to give polymer 18. IR (KBr): peak
absent at 1701 cm’, peak present at 1642 cm™. Anal. caled. for [(CioH;0)o01(CsHs)o ss(CioH11N)o11]: C, 90.1;

H, 7.7, N, 1.4. Found: C, 90.0; H, 7.9; N, 1.2. The nitrogen content corresponds to 0.43 mmol/g (DF = 0.11).

General procedure for the preparation of resins 12a-16a by reduction of diimines 18-22. Synthesis of 12a.

To a suspension of resin 18 (1% crosslinked, 0.43 mmol/g, DF = 0.11, [(Ci0H10)0.01(CsHs)o.28(Ci1oH11N)o.1(])
(100 mg, 0.43 mmol) in dry THF (5 mL) a 1 M solution of BH3/THF was added under an inert atmosphere.
The mixture was stirred at rt for 24 h. The resulting resin was filtered and washed (3x) with THF, diluted HCI,
MeOH:H;0, MeOH and CH,Cl; and vacuum dried at 50°C overnight to give polymer 12a. IR (KBr): peak

ahsent at 1642 (_!’l’ll Anal. caled. for ”CmH ( gHg)g‘gg(-lanN)g“}Z C, 90.7; H, 7.8; N, 1.2. Found: C,
AaNN-H 79-N 14 The nitrnoen content caorreenande to 0 8§ mmaol/a ME =0 11)
JU.O 5, 1.2 0N, 1.4, The mitrogen content correspondas to U.0 mmol/ g (D O.11)

Preparation of polymer-supported diimines 25 and 26. Synthesis of 25.

A suspension of polymeric benzaldehyde (1% crosslinked, 1| mmol CHO/g, DF = 0.11,
[(C10H10)0.0:1(CsHg)oss(CyHsO)o.11 1) (100 mg, 0.1 mmol) and diamide 23 (82 mg, 0.3 mmol) in dry DMF (20
mL) was heated at 80°C for 24 h. After the usual work up, the resin 25 was obtained. IR (KBr): peak absent at

1700 (_‘,!"!’l_’l9 pﬁ@_ks pr_b ]640—'675 Cm A na _' Ca lC(vL Tor [(C’L‘H}ﬂ)ﬂ Gl(CSHQ)G g(r|< KH'YI\N’YO)“ ”]: 1\]7 2_4
Fnund- N 1 4 The nitranoen cantent carreennnde to 1 25 mmanl/oc (ME =0 11)
CounaG: 0N, 1.4, 100 NIRTogen Content COIresPoONas 10 V.22 INMOVE i U.ii)

Reduction of polymer-supported diimine 25.

To a suspension of resin 25 (0.25 mmol/g, 50 mg, 0.13 mmol) in dry THF (5 mL) a 1 M solution of BH3/THF
was added, and the resulting mixture was refluxed for 24 h under an argon atmosphere. After the same work
up described for 12a, the polymer 15a was obtained. IR (KBr): peaks absent at 1640-1675 cm’'. Anal. calcd.
for [(CioHi0)0.01(CsHe)oss(Cis5HuN2)o 11} N, 2.5, Found: N, 1.6. The nitrogen content corresponds to 0.29

LA IUE 21UV 22418200 11 3. N L. UL AN, LA B TI 211 d

General procedure for the preparation of polymer-supported diamides 27 and 28. Synthesis of 27.

A suspension of a chloromethyladed resin (1% crosslinked, 1 mmol Clg, DF = 0.11,
[(C1oH10)0.01(CsHg)o.88(CsHoCl)o 11]) (100 mg, 0.1 mmol) and diamide 23 (82 mg, 0.3 mmol) in dry DMF (20
mL) containing anhyd. NaHCO; (25 mg, 0.3 mmol) was heated at 70°C for 24 h. The resulting resin was
filtered and washed (3x) with DMF, H,O, MeOH:H,0, MeOH and CH,Cl, and vacuum dried at 50°C
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3053 and 3081 cm’. Anal calcd. for [{CioHi0)0.01{CsHs)o.ss(CissH2:N20)0.111: N, 2.4. Found: N, 1.8. The
nitrogen content corresponds to 0.32 mmol/g.

-

Reduction of this polymer with BHy/THF as described before afforded the corresponding resin 15a containing
0.34 mmol of functional group/g.

Acknowledgments. Financial support has been provided by the CICYT (projects MAT96-1053 and PB96-
0792).

REFERENCES AND NOTES

A Yo 1 AL

a) Ford, W. T. Ed. Polymeric Reagents and Catalysts; A. C. S. Symposium Series 308, American

Chemical Society: Washington. D. C., 1986: b) Sherrington, D. C.; Hodge, P. Eds. Syntheses and

Separations using Funtional Polymers;, John Wiley & Sons, Inc.: New York, 1988: ¢) Smith, K. Ed.

Solid Supports and Catalysts in Organic Synthesis; Ellis Horwood, Chichester, 1992.

Kimura, E.; Tetrahedron. 1992, 48,6175.

3.  a) Warshasky, A. Polymeric Ligands in Hydrometallurgy. In ref. 1b, pp. 325-386. b) Warshasky, A.;
Deshe, A.; Rossey, G.; Patchornic, A. Reactive Polymers. 1984, 2, 301.

4. a) Emerson, D. W. Ind. Eng. Chem. Res. 1991, 30, 2426: b) Emerson, D. W, Ind. Eng. Chem. Res.

1993, 32, 1228.

—

[ DN RA T R Mo ~ T T Aae L Crn 10QO 1777 AON2. b\ AAnivyase Ao Moiiimn
J. d) IVICTIgET, ', VL., LSUil0, 1. . J. Affii. Lriéri. 5SOC. 1707, 111, 47U5! U) MENEET, F. M.; Tsuno, T. J. Am.
saan 115 £791
Chem. SOC. 19, 11£,0/.43

6. a) Seebach, D.; Marti, R. E.; Hintermann, T. Helv. Chim. Acta 1996, 79, 1710. b) Canali, L.;
Karjalainen, J. K.; Sherrington, D. C.; Hormi, O. Chem. Commun. 1997, . c) Altava, B.; Burguete, M. I;
Escuder, B.; Luis, S. V.; Salvador, R. V.; Fraile, J. M.; Mayoral,J. A.; Royo, A. J. J. Org. Chem. 1997,
62, 3126.

7. a) Pirkle, W. H.; Mohler, G. S. Use of Chiral Polymers for the Separation of Enantiomers, in ref. 1b,
pp. 305-324: b) Subramanian, G A Practical Approach to Chiral Separations by Liquid
Chromatography. VCH, New York, 1994,

o]

STGL 5
Y Terret. N K - Gardner. M.: Gordon. D. W.: Kobvlecki R J.: Steele. 1. Tetrahedron 1995 51. 8135
J aCTIITL, iN. D, JAQlGICT, Vi, STUI1U01, 7. VY A‘vullvvl\l S, v., BWCREC, o, 8T GREGTON 1570, Vi

b) Thompson, L. A.; Ellman, J. A. Chem. Rev., 1996, 96, 555: c) L K. S;
Chem. Rev. 1997, 97, 411: d) Nefzi, A.; Ostresh, J. M.; Hougten, R. A. 1997, 97, 449

9.  a) Itsuno, S.; Sakurai, Y.; Ito, K.; Maruyama, T.; Nakahama, S.; Fréchet,J. M. J. J. Org. Chem. 1990,
55, 304. b) Soai, K.; Niwa, S.; Watanabe, M. J. Org. Chem. 1988, 53, 927: c) Fraile, . M.; Mayoral, I:
A.; Royo, A: J Tetrahedron 1996, 52, 9853: d) Altava, B.; Burguete, M. L.; Collado, M.; Luis, S. V.;
Pozo, O.; Salvador, R. V. Anal. Quim., Int. Ed. 1997, 93, 260.

10. Gaviiia, F.; Luis, S. V.; Costero, A. M.; Burguete, M. I.; Rebek, J. J. Am. Chem. Soc. 1988, 110, 7140.

11. a) Bencini, A.; Burguete, M. 1.; Garcia-Espaia, E.; Luis, S. V.; Miravet, J. F.; Soriano, C. J. Org. Chem.
1993, 58 4749. b) Burguete;, M.1., Escuder, B.; Garcia-Espafia, E.; Luis, S.V_; Miravet, J.F. J. Org.



3588

12.
13.

14.
15.

F. M. Adrian et al. / Tetrahedron 54 (1998) 3581-3588

Q 1047 c T i QYU - avnis Domada -
b4 o/, .1, BSCUGCr, . LUis, o.V., UarCia-cspand, E.,

Chem. 1994, 59, | ,
Muifioz, M.C. Teirahedron. 1597, 53, 2625
Fukuyama, T.; Jow, C.; Chemig, M. Tetrahedron Letters 1995, 36, 6373.

a) Silafani, J. A.; Marauto, M. T.; Sisk, T. M.; Van Arman, S. A. J. Org. Chem. 1996, 61, 3221: b)
Bernardo, M. A.; Guerrero, J. A.; Garcia-Espafia, E.; Luis, S. V.; Llinares, J. M.; Pina, F.; Ramirez, J.
A.: Soriano, C. J. Chem. Soc., Perkin Trans. 2, 1996, 2335.

Fréchet, J. M. 1. ; Schuerch, C. J. Am. Chem. Soc. 1971, 93, 492.

Wagler, T. R.; Fang, Y.; Burrows, C. J. J. Org. Chem. 1989, 54, 1584.

D



