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ABSTRACT

A convenient synthetic method was reported for the preparation of N-phthaloyl dehydroamino acid esters from easily accessible vinyl bromides
(or vinyl tosylate) and potassium phthalimide. Rh-catalyzed asymmetric hydrogenation of these substrates with TangPhos gave the products
with good to excellent enantioselectivities (up to 99% ee).

In transition metal mediated asymmetric hydrogenation1 of
functionalized substrates, a secondary chelating group near
the unsaturated double bond is important to achieve high
reactivity as well as excellent enantioselectivity. For example,
both dehydroamino acids and enamides possess an amide
moiety, which not only masks the amine but also participates
in chelation with metal during hydrogenation reactions. So
far the most applied N-protecting groups are acyl groups,
such as acetyl and benzyol. After hydrogenation, these groups
can be removed under carefully controlled condition to afford

the free amino group for further transformations. In contrast,
other potentially useful protecting groups have received little
attention. A recent work by Feringa and co-workers dem-
onstrated the formyl group as an effective N-protecting group
for R-dehydroamino acids, and excellent ee’s were obtained
in the hydrogenation of these new substrates.2 Moreover,
the formyl group can be removed under milder conditions
than acetyl group. In our studies on new substrates for
asymmetric hydrogenation,3 we conceived phthalimide as a
valuable protecting group for primary amines, which can be
cleaved under mild conditions without racemization. A
number of interesting substrates containing such functionality
have been developed and subjected to hydrogenation with
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excellent enantioselectivities, including amino ketone 1 and
enamides 2 and 3 (Figure 1).4 Recently, others have also

succeeded in asymmetric hydrogenation of phthalimide-
bearing olefins.5 To further expand this usage, we herein
report a novel synthesis of N-phthaloyl dehydroamino acid
esters 6 and 7 via the reaction of vinyl bromide 4 or vinyl
tosylates 9 with potassium phthalimide 5. To our knowledge,
so far there is only one report concerning the synthesis of
such phthalimide-bearing substrates.6 As a complementary
approach, our present method enables convenient preparation
of new N-phthaloyl substrates in good to excellent yields.
Asymmetric hydrogenation with a Rh-TangPhos system
afforded the products with excellent ee’s (up to 99% ee).

Although intensive efforts have been made for the
synthetic route to N-acyl enamides,7 fewer studies have
focused on the N-phthaloyl counterpart. This is not surprising
in view of its less basic nitrogen atom stabilized by the
neighboring two carbonyl groups. In a pioneering study,
Trost reported the use of catalytic PPh3 to activate the
alkynoate regioselectively at the R-position prior to nucleo-
philic addition of phthalimide, leading to 7 (R ) aryl or H)
in excellent yields.6 However, asymmetric hydrogenation of
this type of substrates was not pursued. Furthermore, aliphatic
analogues cannot be prepared via this route because of
competitive side reactions.

To gain full access to these structurally interesting
compounds, it is necessary to explore alternative methods.
We chose vinyl bromide as starting material, which can be
easily prepared in a few steps via Wittig reaction.8 The
coupling of sp2-bromide with amide has been extensively
studied, usually involing transition metal catalyst.9 Instead
of resorting to those metal catalysts, we looked for a simple
conversion to the desired product. To our delight, it was
found through various tests that simply heating the solution
of 4a and 5 in DMF gave the product 6a (Table 1, entry 1).
Its configuration was determined as Z via X-ray diffraction
experiment (Figure 2).

Despite the moderate yield (43%), this transformation is
unique in that, unlike a typical metal-catalyzed coupling
reaction, the phthalimide unit is assembled at the �-position
with concomitant elimination of an R-bromo group, presum-
ably through a tandem Michael addition-elimination reaction
sequence.10 To study its scope, a variety of �-aryl �-dehy-
droamino acid esters 4a-l were prepared under similar
conditions. As shown in Table 1, substitution on the phenyl
ring has a remarkable effect on the separation yield of 6.
While electron-withdrawing NO2 enhances the reaction
(entries 2 and 3), those bearing an electron-donating sub-
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Figure 1. Functional groups of phthalimido.

Table 1. Preparation of �-Aryl �-N-Phthaloyl 6a-la

entry R T (°C)/time (h) 6 yieldb (%) Z:Ec

1 H 150/12 6a 43 >50:1d

2 4-NO2 90/1 6b 92 >50:1d

3 3-NO2 60/1 6c 95 >50:1d

4 4-Cl 120/4 6d 87 >50:1d

5 2-Cl 150/6 6e 58 1.1:1
6 2-Br 120/12 6f 40 1.2:1
7 3-Br 120/12 6g 45 >50:1d

8 2,4-di-Cl 120/12 6h 67 1.5:1
9 4-NMe2 120/12 6i 62 >50:1d

10 4-t-Bu 130/12 6j 80 >50:1d

11 4-Et 130/12 6k 76 3.7:1
12 4-Me-O 130/12 6l 67 >50:1d

a All reactions were carried out with 10 mmol of 4 and 15 mmol of 5
in 30 mL of DMF. b Isolated yield. c Determined by 1H NMR. d Estimated
on the basis of the detection limit of proton NMR.

Figure 2. ORTEP representation of 6a (50% probability for the
drawing of thermal ellipsoids).
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stituent gave lower yield (entries 9-12). Sterically, an ortho-
substituent (entries 5, 6, and 8) usually resulted in relatively
low yield compared with para-substituted substrates (entries
4, 9-12). The existence of a meta-bromo group also lowered
the yield considerably. With the help of H NMR analysis,
the configuration of 6 can be assigned unambiguously. It
was found that most of the product 6 exist predominantly as
the (Z)-isomer except for 6e, 6f, 6h, and 6k.

Intrigued by this highly efficient reaction, we wondered
whether it could be applied to aliphatic vinyl bromides. Thus
4m-4o were prepared from the corresponding aldehydes and
subjected to the same reaction condition in the presence of
5. To our surprise, this time R-N-phthaloyl products 7a-7c
were obtained as the only major product (Table 2). When

the alkyl chain becomes longer, the yield drops considerably.
Their major (Z)-configuration was assigned by 1H NMR
analysis and X-ray diffraction experiments (Figure 3).

Since our initial attempt to prepare the aliphatic analogues
of 6 failed, we switched to �-tosylates 9 as starting materials,

in the hope that a similar tandem Michael addition-elimination
strategy could be implemented. Compared with vinyl bro-
mide 4, 9 is readily available from �-keto esters 8. To our
delight, the desired products 6m,n were obtained in moderate
yield after column chromatography (Table 3). From X-ray

diffraction experiment, their predominant configuration was
determined as E (Figure 4).

With all of these interesting substrates 6 and 7 at hand,
we performed brief asymmetric hydrogenation reactions.
Initial screening of chiral ligands for the substrate 6l, a typical
(Z)-�-dehydroamino acid ester, revealed TangPhos11a as the
most selective among several well-established ligands,
including DuanPhos11b and DuPhos.11c A number of com-
mon organic solvents were screened, which showed that
EtOAc was the solvent of choice. As seen from the selected
hydrogenation results (Table 4), all substrates have been
hydrogenated with excellent enantioselectivities by the Rh/
TangPhos system (up to 98% ee). In contrast, substrates 6e,
6f, 6h bearing ortho chloro or bormo groups deactivate the
catalyst, probably through phthalimide-assisted oxidative
addition of Rh into the C-X bond.12 Finally, this catalyst
was applied in the hydrogenation of R-dehydroamino acid
ester 7b and 7c, affording the product in 97% and >99%
ee, respectively (Table 5).

In summary, a series of N-phthaloyl dehydroamino acid
esters have been prepared via a novel reaction of vinyl

(10) See Supporting Information for discussion of the mechanism.

Table 2. Preparation of �-Alkyl R-N-Phthaloyl 7a-ca

entry R 7 yieldb (%) Z:Ec

1 n-C3H7- 7a 82 >50:1d

2 n-C5H11- 7b 63 >50:1d

3 n-C9H19- 7c 62 >50:1d

a All reactions were carried out with 10 mmol of 4 and 15 mmol of 5
in 30 mL of DMF at 90°for an hour. b Isolated yield. c Determined by 1H
NMR. d Estimated on the basis of the detection limit of proton NMR.

Figure 3. ORTEP representation of 7a (50% probability for the
drawing of thermal ellipsoids).

Table 3. Preparation of �-Alkyl �-N-Phthaloyl 6m,na

entry R 6 yieldb (%) E:Zc

1 Me 6m 23 >50:1d

2 n-propyl 6n 25 >50:1d

a All reactions were carried out with 1.4 mmol of 9 and 2.0 mmol of 5
in 5 mL of DMF at 90° for 12 h. b Isolated yield. c Determined by 1H NMR.
d Estimated on the basis of the detection limit of proton NMR.

Figure 4. ORTEP representation of 6m (50% probability for the
drawing of thermal ellipsoids).
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bromide or vinyl tosylate with potassium bromide. Depend-
ing on the nature of the substituent (aryl or alkyl) on 7, the
phthalimide moiety can be selectively attached to either the
R- or �-position, thereby providing an efficient synthesis of

these structurally interesting compounds. Asymmetric hy-
drogenation with a Rh/TangPhos system gave excellent
results.
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Table 4. Rh-Catalyzed Asymmetric Hydrogenation of 6 under
Various Conditions

entrya 6 L/ solvent 10 conv (%)e ee (%)f,g (config)

1 6l L1b EtOAc 10b 100 88
2 6l L2c EtOAc 10b 100 85
3 6l L3 EtOAc 10b 100 97 (-)
4 6l L3d CH2Cl2 10b 100 96
5 6l L3 acetone 10b 33 89
6 6l L3 THF 10b 100 87
7 6l L3 EtOH 10b 100 96
8 6l L3 i-PrOH 10b 100 96
9 6l L3 MeCN 10b 0 n.a.
10 6l L3 toluene 10b 14 97
11 6a L3 EtOAc 10a 100 95 (-)
12 6j L3 EtOAc 10c 100 94 (-)
13 6k L3 EtOAc 10d 100 92 (-)
14 6m L3 EtOAc 10e 100 98 (+)

a All reactions were carried out with 0.1 mmol of substrate at room
temperature under a H2 pressure of 30 bar in 3 mL of solvent for 20 h with
a substrate/[Rh(COD)L*]BF4 ratio of 1/0.01. b L1 ) Et-DuPhos. c L2 )
(ScRp)-DuanPhos. d L3 ) (S,S,R,R)-TangPhos. e Conversion was determined
by 1H NMR. f The ee values were determined by HPLC on a chiral column
(see Supporting Information for details). g Absolute configuration not
determined.

Table 5. Rh-Catalyzed Asymmetric Hydrogenation of 7 under
Various Conditions

entrya 7 L* solvent 11 conv (%)e ee (%)f,g (config)

1 7b L3b EtOAc 11a 100 97 (+)
2 7c L3 EtOAc 11b 100 >99 (+)
a All reactions were carried out with 0.1 mmol of substrate at room

temperature under a H2 pressure of 30 bar in 3 mL of the EtOAc for 20 h
with a substrate/[Rh(COD)L*]BF4 ratio of 1/0.01. b L3 ) (S,S,R,R)-TangPhos.
e Conversion was determined by 1H NMR. f The ee values were determined
by HPLC on a chiral column (see Supporting Information for details).
g Absolute configuration not determined.
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