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Yiterbium trifluoromethanesulfonate [Yb(OTf);] catalyzed the imino ene reaction of N-tosyl aldimine with a-methylstyrene to give a homoallylamine
in moderate yield. Furthermore, addition of a catalytic amount of chlorotrimethylsilane (TMSCI) dramatically enhanced the imino ene reaction.

The development of new methods for the synthesis of chiral Recent advances in the chemistry of lanthanoid metal
or achiral amines is an important issue for the synthesis of catalyst&® prompted us to study the catalytic activity of rare
nitrogen-containing natural products and biologically active earth metal salts in imino ene reactions. We present here a
compounds. As part of our ongoing project along these lines, preliminary report on ytterbium trifluoromethanesulfonate
we previously reported the diastereo- and enantioselective[(Yb(OTf)3] catalyzed imino ene reactions in the presence
Pictet-Spengler reactiohand the diastereoselective addition of TMS—CI or TMS—OTH.
of alkyllithium to chiral imines Initially, we chose the reaction oN-toluenesulfonyl

Although there have been many reports on catalytdC benzaldiminelawith a-methylstyrene. When iminkawas
bond-forming reactions using imines with electron-rich treated with 2 equiv otx-methylstyrene in CkCl,—THF
alkene$ and organometallic reagerftgeactions between (4:1) in the presence of Yb(OTH) (25 mol %) at room
imines and simple alkenes, i.e., imino ene reactfdrisave temperature for 48 h, the imino ene prodRatwas obtained
not yet been studied as intensively as carbonyl ene reactions.in 58% yield (entry 1, Table 1). Addition of 1.2 equiv of

TMS—CI to the reaction mixture facilitated the reaction
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s lewas subjected to similar reaction conditions, aza Diels

Table 1. Imino Ene Reaction oN-Substituted Aldimine with Alder cycloadducB was obtained, and no imino ene product

a-Methylstyrene was observed (entry 12).
NP Me R Me . _Ph
P /\ Yb(OTf) 5, additive /‘\)L
Ph™ "H Ph " GH,ClL,-THF  Ph Ph [lePh 3
rt 2 H
1a: R=80Tol
1b: R = COOMe
1c:R=P(O)Ph, There have been several efforts to explain the reactivity
::j 2 N EE of lanthanoid metal triflates systematicalfyamaguchi and
-ti, E—— meyield Imamoto recently developed a scale of oxophilicity of
entry mol% (mol%) (o) (%) lanthanoid metal complexes using tandem mass spectros-
| 1a 25 none 48 58 copy?* To obtain greater insight into the ref':\ctiorj mechanism
5 25 TMSCI (120) 025 90 of these catalysts, we surveyed the catalytic activities of other
3 none  TMSCI (120) 48 0 combinations of lanthanoid metal triflates [M(O7]fland
4 none  TMSOTf(120) 025 43 TMS—CI in this imino ene reaction ota and a-methyl-
5 5 TMSCI (5) 025 94 styrene. The catalytic activity profile of M(OTRNTMS—CI
6 ! TMSCL) 1 86 is shown in Figure 1 with the oxophilicity scale. The activity
7 5 TMSOTY (5) 025 92
8 1b 25 none 48 12
9 o TMSCLQO) 1 4 |
10 10 TMSOTE(10) 1 74
11 1c 25  TMSOTI(25) 15 38 100 25
12 1d 5 TMSCI (120) 72 0 90
13 le 25 TMSCI (25 ) 5 of 80 F
70t
a|solated yield.? Aza Diels-Alder reaction took place to give addi&t | 2 =
in 63% yield. ® e
= 50 E
=40 2
. - . 117
was carried out (entry 4). The imino ene reaction proceeded, 30 | *
and 2a was obtained in only 43% yield, even though an 20 1
excess amount of TMSOTf was present. We also suspected 10 1
that triflic acid (TfOH) produced in situ might catalyze the 0
. . . ) apja&ugg:‘uﬁhoﬁﬁp:‘
reaction. However, the similar reactionXdwith TfOH (120 ZgamOobAar =
mol %) for 15 min gave Only 39% y|e|d o?a (Compare — Isolated yields of imino ene product 2a using 5 mol% of
with entries 2 and 4). Therefore, while TM®Tf or TfOH M(OTF)/TMSCLE

—_—— 0mphilis‘.ily)’: In{ [MCly(tepo)k [ [MCly(tepo)]*)

catalyzes this reaction to some extent, the presence of both
Yt_’(OTf)S a'nd TMS-X (X = CI, OTf) is essential. We  Figure 1. Catalytic activity of M(OTfTMS—Cl in the imino ene
briefly studied the effect of the amount of the catalyst. The reaction. Notes: & All reactions were carried out at room
reaction using 5 mol % of Yb(OTf)and TMS-CI (entry 5) temperature for 1 h.bj The reported oxophilicity data, evaluated
afforded almost the same result as entry 2. Even 1 mol % of Pased on the dissociation of [M{lepo)] ™ as observed by tandem
catalyst was effective to afforda in 86% yield, although mass spectrometry. See ref 12b.

the reaction rate was slightly decreased (entry 6). FMS
OTf was also effective when it was used with Yb(GiTf)
(entry 7).

The N-substituent on the imino group also influenced this
reaction. In contrast to the reaction Nftosyl imine 1a,
Yb(OTf)s (25 mol %) itself did not catalyze the ene reaction
betweerN-methoxycarbonyl imindb anda-methylstyrene
(entry 8). However, a combination of Yb(OZEf{10 mol %)
and TMS-CI (10 mol %) induced the reaction to gi® in (11) (a) Kobayashi, S ; Ishitani, H.; NagayamaSgnthesid 995 1195
moderate yield (entry 9). In this case, the effect of T™MS %gg- ((b)) éshitaniF,{ I-/k: Ig_)bayc’:l_shi,PSFStrell_hederonSLett_ligegtiPS?Il 735h?—A |

; ; ; . (c) Batey, R. A.; Simoncic, P. D.; Lin, D.; Smyj, R. P.; Lough, A. J.
OTf is notable. The ylelq okb increased up to 74% when oo Commurieog 651-652.
TMS—OTf was added instead of TMSCI (entry 10). (12) (a) Imamoto, T.; Nishiura, M.; Yamanoi, Y.; Tsuruta, H.; Yamagu-
Phosphinoy! iminelc also gave2c under these conditions, m;nﬁtghfs” éi‘;mmggc87C5h‘é3n716-Cgb%rﬁ;g“éai;ag_\{?&ag“Ch" K
whereas the similar reaction dfbenzyl imineld did not (13) (a) Kobayashi, S.; Busujima, T.; Nagayama,Ciem. Commun.
proceed at all. These results indicate that fsubstituent é998 19—1290é8(t385<09tl§1%/a?h)i,KS-t;) BusEjimSa, g !;Iagiyarga, CB’I%m- H

. . L ommun. —982. (c) Kobayashi, S.; Sugita, K.; Oyamada, H.

must possess an eIectron-wﬁhdrawmg character for the IMINOSy nier11999 138-139. (d) Kobayashi, S.; Busujima, T.: Nagayama, S.
ene reaction to occur. Interestingly, whirphenyl imine Synlett1999 545-546.

profile was almost consistent with the oxophilicity scale.
These observations suggest that the oxophilicity, i.e., the
Lewis acidity of the lanthanoid metal may play an important
role in these reactions.

Under the conditions described above, three-component
coupling'2P-133among aromatic or aliphatic aldehyde, tosyl-
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amine, andx-methylstyrene in the presence of Yb(Osldnd
TMS—CIl or TMS—OTf was realized (Table 2). Thus, using

Table 2. Three-Component Coupling

Ts
/\ Yb(OTf) 5, TMSX HU

(1:1:2 t 2a:R=Ph
4 R=CHg
5 R=iPr
entry Yb(OTf), TMSX time  yield
(mol%) X (mol%) (v (%)
I Ph 50 a 50 1 2a79
2 50 O 50 1 90
3 CHs 50 O 50 1476
4 P 50 O 50 1 570

a|solated yield based on TsNH® Two equivalents of acetaldehyde was
employed.

50 mol % of Yb(OTf/TMS—X, the reaction proceeded
smoothly to give2a in good to excellent yield. In this
reaction, the combination with TMSOTf gave better results.

aldehyde, whose imines are difficult to isolate, afforded imino
ene productgl and5 in good yields without any difficulty.

In summary, we have shown that the combination of
Yb(OTf); and either TMS-Cl or TMS—OTTf is an effective
catalyst system for the imino ene reaction using imines with
an electron-withdrawing substituent at the nitrogen. We also
showed that the catalytic activities of M(OTfMS—Cl in
the imino ene reaction were highly dependent on the
oxophilicity of the lanthanoid metal. The three-component
coupling reaction of aldehydes, tosylamine, andhethyl-
styrene was also successful under these conditions. In this
reaction, the use of aliphatic aldehydes, such as acetaldehyde,
is noteworthy. Further studies to elucidate the detailed
mechanism of the activity of these catalysts and its applica-
tion to asymmetric processes are underway.
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