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Abstract

Chiral allyltitaniums prepared from cyclic carbamate of optically active 4-aminoalk-1-en-3-ols and a
Ti(O-i-Pr)4/2i-PrMgCl reagent react with aldehydes with good to excellent regio- and stereoselectivity to afford
optically active 1,5-amino alcohols, from which optically active 2,6-cis-disubstituted piperidines are
synthesized. © 1998 Elsevier Science Ltd. All rights reserved.
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Recently, we have developed a new efficient entry to allyltitanium compounds by the
reaction of allylic alcohol derivatives such as halides, carbonates and acetates with a Ti(O-i-
Pr)4/2i-PrtMgCl reagent (1) which proceeds via an oxidative addition pathway [1]. The
resulting allyltitaniums react selectively with aldehydes and imines, thus providing an
efficient method for synthesizing homoallylic alcohols or amines [1,2]. In these previously
reported examples, it was found that optically active 4-aminoalk-1-en-3-ols (2) reacted, after
converting to the ethyl carbonate 3, with 1 to afford the corresponding chiral allyltitaniums
and which in turn react with aldehydes regio- and stereoselectively to afford B-vinyl-y-
aminoalkanols 4 (R = Bn or Boc) having the structure depicted in Scheme 1 [2d]. We have
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Table 1. The Addition Reaction of Allyltitaniums Derived from 5 with Aldehydes?

Substrates Product(s)®
= } OH
Entry R! Y{; R Y:\/'\ HZ
N~ R2CHO Bn-NH g
Bn 0O

5¢ Diastereoselectivity® Yield, %'
1 R' =CHj n-PrCHO 6a 5:19 81
2 R'=n-Pr EtCHO 6b 141 79
3 R = CH,0TBS MeCHO 6c 14:1 83
4 EtCHO 6d 18:19 82
5 PhCHO 6e 20:1 79
6 S ScHo 6t 11:1 81

2A mixture of 5 (1.0 equiv), Ti(O--Pr)4 (1.5 equiv), and -PrMgCl (3.0 equiv) in ether was stirred for 1.5 h at -50~-40 °C,
and then the mixture was allowed to warm to 0 °C and stirred for 2 h. After cooling to -78 °C, to this was added an
aldehyde (1.5 equiv). The reaction afforded a mixture of 6 and its regicisomer 4 (R = H) in a ratio of more than 12:1 in
all cases. The ratio was determined by 'H and/or '3C NMR. °5 was prepared from 2 (R=Boc) by treatment with NaH in
THF (88~92% yield). A mixture of two diastereomers in a ratio of 4:1 for entry 1 and entry 2, 7:3 for entries 3-6 was
used. 9>98% (2)-olefin geometry in all cases. ®Determined by 'H and/or 13C NMR analysis after separation of 4.
fCombined yield of two diastereomers of 6. 9Stereochemistry was confirmed by converting to the corresponding
piperidine, see Scheme 2.

now found that allyltitaniums derived from cyclic carbamates 5 (prepared easily from 2!
(R=Boc) by treatment with NaH) react with aldehydes to afford another regioisomer, 1,5-
amino alcohols 6, highly selectively (Scheme 1, Table 1).

As shown in Table 1, the reaction of the allyltitaniums generated irn sitv from 5 and 1
with aldehydes afforded 1,5-amino alcohols 6 and their regioisomers 4 (R = H) in a ratio of
more than 12:1. The 1,5-amino alcohols 6 thus produced consisted of two diastereomers
having Z-geometry with respect to the olefin moiety; the isomer having E-olefin geometry
was not detected. The diastereoselectivity associated with the 1,5-asymmetric induction was
somewhat dependent on the steric bulkiness of R1 in 5 and, when RI is a methyl group, it
was 5:1 (entry 1) while it was better than 11:1 in the case where the bulkiness of R! is
larger than that of the methy!l group. The stereochemistry of the main diastereoisomer was
verified as shown in Table 1 by IH NMR analysis after derivatization to the corresponding
piperidine derivative in several representative cases (vide infra). It should be noted that in
these reactions, although the regioisomers 4 and 6 could be readily separated from each

IThe compound 2 (>94% e.c.) where Rl s CH3 or CHpOTBS was synthesized from the corresponding L-amino acid by the

conventional reaction sequences shown below. Meanwhile, the compound 2 where R is n-Pr (95% e.e.) was prepared from rcadily
available optically active 2,3-cpoxy-1-hcxanol: sce ref. 2d.
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other by column chromatography, two stereoisomers of 6 were inseparable. However, since
the diastereoselectivity is very high except for the case where Rl is a methyl group, the
value of the reaction as synthetic methodology of 6 would not be detracted?,

With a convenient method for synthesizing optically active 6 in hand, we carried out
their conversion into piperidine derivatives in several representative cases. Thus, as
illustrated in Scheme 2, 2,6-disubstituted 3,4-didehydropiperidines (1,2,5,6-
tetrahydropyridines) 7a and 7d3 were synthesized in good overall yields from the
corresponding 6 by the following reaction sequence: (1) protection of the amino group with
Boc using (Boc)20 and Et3N in THF at room temperature, (2) removal of the benzyl group
using Na / lig. NH3 at -70 ~ -40 0C, (3) mesylation of the alcohol group using MsCl and
Et3N in CH2Cl2 at ambient temperature, and (4) cyclization reaction using t-BuOK in THF
at 0 0C. The unsaturated piperidines 7 thus obtained were hydrogenated (H7, Pd/C, EtOH,
room temp.) quantitatively to saturated 2,6-disubstituted piperidines 8, the cis-
stereochemistry of which was confirmed by IH NMR analysis¢. It should be noted that a
new asymmetric entry has now been opened up to saturated and unsaturated cis-2,6-
disubstituted piperidines, the structure of which frequently occurs as a subunit of alkaloids
and biologically active compounds [3,4].

1) (Boc)20, Et3N —

. 2) Na, lig. NH, R! Ha, Pd/C R!
N N
3) MsCl, EtgN / gquant. /
4) t-BuOK, THF Boc R? Boc g2
overall yield
a; R'=CHg, R%=nPr 7a;60% 8
d; B! = CH,OTBS, R? = Et 7d;61%
Scheme 2

The regio- and stereochemistry of the aldehyde addition reaction of the allyltitanium
derived from 5 and 1 can be explained by the preference for the secondary allyltitanium 10

2The characteristic 'H NMR data of 6 (300MHz, CDCl3): for 6a: & 1.17 (d, J = 6.0 Hz, 0.5, CH3CHN, minor), 1.18 (d, / = 6.3
Hz, 2.5H, CH3CHN, major), 3.51-3.68 (m, 2H, CHN, CHOH), 5.41-5.63 (m, 2H, CH=CHCH3). for 6b: & 3.36-3.46 (m, 1H,
CHN), 3.51 (quintet, J = 6.0 Hz, 1H, CHOH), 5.41 (t, J = 10.2 Hz, 1H, CH=CHCH3), 5.63 (dt, J = 10.8, 7.8 Hz, 1H,
CH=CHCH2). for 6¢: 8 3.50-3.85 (m, 4H, TBSOCHCHN, CHOH), 5.43-5.52 (m, 1H, CH=CHCH?), 5.68 (dt, J = 7.8, 11.1 Hz,
1H, CH=CHCH?3). for 6d: & 3.45-3.65 (m, 4H, TBSOCHCHN, CHOH), 5.42-5.51 (m, 1H, CH=CHCH?3), 5.68 (dt, / =7.8, 11.1
Hz, 1H, CH=CHCHp>). for 6¢: § 3.43-3.61 (m, 3H, TBSOCH7CHN), 4.68 (dd, J/ = 4.5, 8.1 Hz, 1H, CHOH), 5.52 (dd, J = 7.8,
10.8 Hz. 1H, CH=CHCH>y), 5.70 (ddd, J = 7.8, 8.4, 10.8 Hz, 1H, CH=CHCH?). for 6f: & 3.48-3.65 (m, 3H, TBSOCH;, CHN),
404 (q.J = 6.3 Hz, 1H, CHOH), 5.40-5.55 (m, 2H, CH=CHCHjy, CH=CHCH3), 5.60-5.73 (m, 2H, CH=CHCH7, CH=CHCH3).
3The characteristic 1H NMR data of cis-7 (300 MHez, CDCI3, 65 °C): For 7a 8 1.93 (dd, J = 6.3, 17.1 Hz, 1H, CH=CHCH23).
2.23.2.37 (m, 1H, CH=CHCH»), 4.28-4.43 (m, 2H, 2CHN), 5.54 (dt. J = 10.2, 3.3 Hz, 1H, olefinic proton), 5.63-5.74 (m, 1H,
olefinic proton). For 7d 8 1.95 (dd, J = 6.3, 17.4 Hz, 1H, CH=CHCH>»), 2.22-2.36 (m, 1H, CH=CHCH2), 3.44 (1, / = 9.0 Hz,
1H. OCH2), 3.78 (dd, J = 4.5, 9.0 Hz, 1H, OCH2), 4.18-4.38 (m, 2H, 2CHN), 5.70-5.79 (m. 1H, olefinic proton), 5.88 (dt, J =
10.2, 3.0 Hz. 1H, olefinic proton).

4The cis- and trans-7 (or 8) were nscparable by column chromatography. The ratios determined by 1H NMR analysis werc as
follows: for 7a or 8a: cis : trans = 4.8 : 1; for 7d or 8d: cis : trans = 11:1, The cis-stercochemistry of the major isomer of 8a was
confirmed by comparing the NMR data with those reported in the literature (Beak P, Lee WK, J. Org. Chem. 1993;58:1109-1117).
The cis-stereochemistry of 8d was confirmed by TH NMR NOE-difference cxperiments between protons at the C-2 and C-6 position
of the piperidine ring. The characteristic TH NMR data o 8d (300 MHz, CDCl3, 65 ©°C): 8 3.50 (dd, J = 5.1, 9.6 Hz, 1H, OCHy),
3.57 (. J = 9.6 Hz, 1H, OCH2), 3.92-4.04 (in, 1H, CH3CH2CHN). 4.09-4.21 (m, IH, OCHCHN).
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over the primary ones 9 and its reaction with aldehydes through a six-membered chair-like
transition state as shown in Scheme 3. Usually, substituted allyltitanium exists as the
primary titanium derivative over the more congested secondary ones which provided a basis
for the production of 4 from the reaction of the allyltitaniums derived from 3 and 1 with
aldehydes (see Scheme 1) [2d]; however, in the present case the equilibrium might be shifted
in favor of 10 because it has a stable six-membered cyclic structure [5].

1 O \-Bn
=
R1YVT1/— R e s ) /O\ZI/NR1 OH
N oM T\I/\T'— R2CHO (/-PrO)ng R1Y:\/LRZ
B ™y - Bn \n’o O[ H -
o o) /. gl
H‘{" 6
9 10
R2
Scheme 3

It should be noted that there is a precedent for highly selective 1,5-asymmetric
induction in the addition reaction of aldehydes with allylmetal complexes having an amino
group at the stereogenic center; Thomas et al. have reported that the reaction of tributyl(4-
dibenzylaminopent-2-enyl)stannane with aldehydes proceeds with excellent selectivity to
afford 1,5-amino alcohols having a similar structure to that of 6 [6]. They explained the

stereoselectivity of the reaction by a similar transition state model to that shown in Scheme
3.
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