Y/ <A —
%5 / TETRAHE
NP

LETTE
Tetrahedron Letters 39 (1998) 5163-5166

)

W =
@)
2!

Pergamon

Substrate-Directed Diastereoselective Hydroaminomethylation of Methallylic

Bernhard Breit

Philipps-Universitdt Marburg, Fachbereich Chemie, D - 35043 Marburg, German

,,,,, pPDs 1

'~<

Received 27 March 1998; accepted 15 May 1998

Abstract: Substrate directed diastereoselective hydroaminomethylation of methallylic alcohols has been
achieved with the aid of the substrate bound catalyst directing o-DPPR-group (o-DPPR = ortho-
diphenylphosphanyl benzoate). The amines 3-7, 10, 11 have been obtained in fair to good yields in
diastereomer ratios > 94:6 (syn : anti). © 1998 Elsevier Science Ltd. All rights reserved.
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Efficient synthetic methods in organic synthesis are stereoselective framework constructing reactions

employing sequential transformations.’ Hydroaminomethylation of olefins - originally discovered by Reppe i
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ould 1n principle become such a process. nowever, no elficient variants to control stereoselectivity n
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We recently found that o-diphenylphosphinobenzoic acid (o-DPPBA) may be used as an effective
substrate bound catalyst directing group in stereoselective hydroformylation of methallylic®” and homomethallylic
alcohols.® In these processes high 1,2- and 1,3-asymmetric induction is realized by means of the catalyst
directing group. We report now that employing the same concept and catalyst directing group (o-DPPB = ortho-
diphenylphosphanyl benzoate) enables the development of a diastereoselective hydroaminomethylation of acyclic
methallylic alcohols.
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of a secondary amine (see Table 1) the iertiary amines 3-7 were formed in diastereoselectivities of 95% (see table
1, entries 1-4).* ' Thus, this process allows in one step, the rormauon of a C-C bond, a C-heteroatom bond, the
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duction of the ubiquitous amine functionality, and additionally generates a new st

The use of cyclic secondary amines gave the best yields (— 3, 4, Table 1, entries 1 and 2).
Conversely, employing acyclic secondary amines such as diethylamine and diisopropylamine provided only
moderate yields of syn-amines 5 and 6 (entries 1 and 2). Formation of the syn-amine as the major diastereomer
(95:5) was observed in all cases.'® Furthermore, the reaction could be used efficiently for the construction of a
stereotriad (2 — 7, entry 5) - one of the central, structural bulding blocks of the polyketide class of natural

products."!

Table 1  Results of the diastereoselective hydroaminomethylation of methallylic-o-DPPB esters 1, 2 with
secondary and primary amines.
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(0-DPPB)
Q(o-DPPB), .
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| e T 1 =~

1 3
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2 1 H@ \)\/\/@ 64 955
4
O(o-DPPB)
3 1 HNE, wNEtz 45 95:5
1 n
5
O(o-DPPB)
4 1 HNF-Pr, \r'\r\/mprg 40 95:5
6
5 9 9 9 63 94:6
2 T
4
O(o-DPPB)
6 1 cHexNH, S AAOANH A 46 95:5
10
QO(0-DPPB)
7 1 NH,Bn A~ NHBn 40 95:5
[ A
11
[a] For a general procedure see ref. 9. [b] Isolated yield after column chromatography. [c] Determined by NMR analysis of the crude

The mechanism of this sequential transformation involves presumably three steps. First o-DPPB

irected stereoselective hydroformylation provides the aldehyde 8.* ' which should react immediately with the

secondary amine present, giving rise to the formation of the corresponding enamine 9. Rhodium catalyzed
hydrogenation of this enamine finishes the sequence of reactions, and affords the saturated amines 3-7



Q(o-DPPB)
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imine reduction (— 10, 11).
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amines and alkenes, employing similar rhodium-catalysts, under similar reaction conditions were found to stop

generally at the stage of the imine.” A plausible explanation for the increased reactivity on reacting methallylic o-

DPBB ester 1, takes into account the presence of the catalyst directing 0-DPPB group. Thus, it is plausible, that

after imine formation, a second catalyst precoordination occurs and an intramolecular imine hydrogenation

process takes place. Such an intramolecular process should be kinetically favored compared to a corresponding

intermolecular reaction pathway. Thus, the 0-DPPB group may be acting here in two different ways within one

sequential transformation. Firstly, this f
secondly controls chemoselectivity in th

selectivity

y in the hydroformylation step and



5166

Acknowledgment: We would like to thank the Fonds der Chemischen Industrie, the Deutsche

Forschungsgemeinschaft (SFB 260) and the Otto R6hm Gedichtnisstiftung for financial suppon as well as
Professor R. W. Hoffmann for his continuous support. Donation of chemicals by BASF and Degussa is

mmlren ]l adaad

dbMIUWICugc.'ru

REFERENCES

i a) L. F. Tietze, U. Beifuss, Angew. Chem. 1993, 105, 137; Angew. Chem. Int. Ed. Engl. 1993, 32,
131;b) T. L Ho, Tandem Organic Reactions, Wiley, New York 1992; ¢) H. M. R. Hoffmann, Angew

W b

O 00~ N

—
<

ii

Chem. 1992, 104, 1361; Angew. Chem. Int. Ed. Engl. 1992, 31, 1332.
a) Ww. Reppe Experientla 1949, 5, 93 b) W Reppe, H Kindler, Liebigs Ann. Chem. 1953, 582, 133.

TAAN. L.\ RA T oo Y N MNL... 100N ALC WATN- N
d) 1"\ F 1Vl qudl HCLV \,rum nuu 1711, ‘fJ 144VU; U) VL Lallic, J. UTrg. urnen. 170U, 4, 33/4U, C)

Co(I)/dppe als Katalysator siche: K. Murata, A. Matsuda, T Matsuda, J. Mol. Car. 1984, 23, 121; d) F.
Jachimowicz (W. R. Grace and Co.) Belgian Patent 887630 (1980); Chem. Abstr. 1981, 95, 152491; e)
F. Jachimowicz, P. Manson (W. R. Grace and Co.) Canadian Patent 1231199 (1984); Chem. Abstr.

sy D - o an Eatiea
1988, 109, 38485; f) F. Jachimowicz, J. W. Raksis, J. Org. Chem. 1982, 47, 445; g) E. E. Mac Entire,

J. F. Knifton (Texaco Development Corp.) European Patent 240193 (1987); Chem. Abstr. 1989, 110,
134785; h) S. Toros, 1. Gémes-Pésci, B. Heil, S. Maho, Z. Tuber, J. Chem. Soc., Chem. Commun.
1992, 858; i) E. Drent, A. J. M. Breed (Sheli Int. Res. M) European Patent 457386 (1992); Chem Abstr.
1992, 116 83212; j) M. D. Jones, J. Organomet. Chem. 1989, 366, 403; k) T. Imai (Uop Inc) US
Patent 4220764 (1978); Chem. Abstr. 1980, 93, 239429; 1) G. Diekhaus, D. Kampmann, C. Kniep, T.
Miiller, J. Walter, J. Weber (Hoechst AG) German Patent DE 4334809 (1993); Chem. Abstr. 1995, 122,
314160.

For recent results on efficient hvdroaminometh

jw o § fea 185 1 R Lraitatiiy Y 1813010104, i i ivead! Lo i bt / iz ¥ L4 % X .

Eilbracht, Synthesz.s 1997, 1331.
a) T. Baig, P Kalck J Chem Soc., Chem. Commun. 1992, 1373; b) T. Baig, J. Molinier, P Kalck, J.
n e 1.

e o F POy SC N10. <\ T T qaac Ao n n

urgunumet Chem. 177.‘), 4.7.) Z197,C) A. L. Lapiaus, A. P. Rodin
Ugrak, Izv. Akad. Nauk S‘S‘S‘R S’er Khim. 1990, 1448; Chem. A} 171812.
B. Breit, Angew. Chem. 1996, 108, 3021; Angew Chem Int Ed. Engl. 1996, 35, 2835.
B. Breit, Liebigs Ann. 1997, 1841.

B. Breit, Chem. Commun. 1997, 591.

General procedure: To a solution of 1.8 mg Rh(CO)acac (7- 107 mmol) in THF (5 ml) at 20 °C (exclusion

of air and moisture), was added 9 mg P(OPh)3 (2.8-107 mmol) and the reaction stured for 15 min at 20 °C.
Subsequently metha.llylic alcohol o-DPPB ester (1 rnmol) and the correqpondmg amine (1.5 mmol) were

added and the resulting solution transferred by cannula with rinsing (THF, 5 mi) into a carefully evacuated
and argon filled stainless-steel autoclave. The autoclave was heated to 90 °C and subsequently pressurized
with 20 bar (H/CO, 1:1). After stirring for 8 h at 90 °C, the reaction temperature was raised to 120 °C and
the reactlon pressure was mcreascd to 80 bar (H /CO, 1:1). After stlrrmg for a further 24 h at 120 °C the

autoclave was cooled rapidly to 20 °C. The reaction solution de filtered through a small plug of silica with
tert-butyl methyl ether (50 ml). After evaporation of the solvent in vacuo the crude product was analyzed by

NMR 10 determine diastereomer ratio (95 5). Subsequent column chromatography on silica (solvent 3/7
ethyl acetate/petrolether) provided the amines 3-7, 10, and 11 as highly viscous oils.

All compounds were characterized by 'H, "°C, ”'P NMR-spectroscopy and elemental analysis. The relative
configuration of the amine Droducts was assigned by analogy of their *C-NMR spectroscopical data with
the known | syn-aldehydes 8’7 Spectrosopic ¢ data of 3: '"H NMR (300 MHz, CDCL,): 6 = 0.7 (d, J = 6.7
Hz, 3 H, CH,), 0.75 (d, J = 6.8 Hz, 3 H, CH,), 0.78 (d, J = 6.8 Hz, 3 H, CH,), 1.1-1.9 (m, 10 H), 2.2
(m, 6 H, NCHZ),472 (dd, J = 7.5, 4.6 Hz, | H, OCH), 6.83 (m, 1 H, ArH), 7.1-7.62 (m, 12 H, ArH),

8.02 (m 1 H, ArH). "C NMR (75469 MHz, CDCL): & = 13.86, 18.06, 18.11, 24.28, 25. 75 (20),

29.36, 30.52, 32.71, 54.39 (2 C), 56.89, 8203 127.86, 128.16 (d,J cp = 0.6 Hz, 4 C), 128.2 5@20),
130 29, 131.55, 133.62 (d, J, = 20.8 Hz, 2 C), 133.75 (d, JCP=208H z), 133.83 (d, J., =21.0Hz, 2
C), 134.04, 138.11 (d, J.p = ‘2.4 Hz, 2 C), 14094 (d, J.,. = 28.1 Hz ) 166 08 (d, J., =29 Hz). °'P
NMR (161.978 MHz, CDC »: 8=-3.1. C,,H, NO,P (501.6): calcd. C 76.62 H 8.04 N 2.79 found C

76.84 H 7.96 N 2.79.
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