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Abstract—In this communication we report a stereoselective total synthesis of N-Boc-dolaproine (Dap), an amino acid residue of
the antineoplastic pentapeptide Dolastatin 10. Our strategy is based on a Baylis–Hillman reaction between N-Boc-prolinal and
methyl acrylate, followed by a diastereoselective double bond hydrogenation and hydrolysis of the ester function. © 2003 Elsevier
Science Ltd. All rights reserved.

Dolastatin 10 (1, Fig. 1) has been reported to exhibit a
remarkable antineoplastic activity1 and is now in Phase
II human cancer clinicals trials.2 Its structure and abso-
lute configuration were ascertained by total synthesis
some years ago.3a The unusual �-methoxy-�-amino acid
dolaproine (Dap) comprises the most complex unit of
the pentapeptide 1, and has been synthesized by several
groups employing aldol condensation,3a–c addition of a
crotylboronate to N-Boc-prolinal3e,f and a cobalt-cata-
lyzed Reformatsky reaction.4 More recently, Genet et
al.5 reported a new strategy based on a dynamic kinetic
resolution of a �-keto ester derivative.

In an ongoing research program focused on the utiliza-
tion of Baylis–Hillman adducts6 for the total synthesis
of biologically active products,7 we decided to propose
an alternative strategy for the preparation of this
important non proteinogenic amino acid.

A careful search of the literature pointed out that
Drewes and Roos8 have already reported that chiral
�-amino aldehydes such as L-prolinal provided a mod-
erate anti diastereoselectivity in the Baylis–Hillman
reaction with methyl acrylate, but the specific rotation
of the product is low (ca. 1°), suggesting that racemiza-
tion of the starting aldehyde had occurred.

It seems likely that under extended period of reaction
DABCO is sufficiently basic to abstract the � carbonyl
proton thus leading to a loss of chirality. Besides this,
the presence of a strong electron-attracting N-protect-
ing groups (p-nitrobenzoyl or sulfonyl) should con-
tribute to increase the acidity of the � hydrogen. Our
interest was to overcome the problem of racemization
by shortening the reaction time and changing the N-
protecting group.

In a recent report, we demonstrated that the use of
ultrasound radiation significantly decreases the Baylis–
Hillman reaction time.9 It is worth mentioning that
other alternatives to accelerate the Baylis–Hillman reac-
tion time have already been related, such as the use of
Lewis acid (alone)-catalyzed or -promoted reaction,10

microwaves,11 salts and metals,12 ionic liquids13 and an
aqueous medium.14

Then, we decided to apply ultrasound radiation to the
DABCO-catalyzed coupling between N-Boc-prolinal
(3) and an acrylate (4 or 5). If it was possible to achieve
good control in the racemization reaction, a subsequent
diastereoselective hydrogenation of intermediates 6 or 7
should guarantee access to our target (Scheme 1).

Figure 1. Dolastatin 10.
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Scheme 1. Retrosynthetic analysis for N-Boc-dolaproine (2).

Scheme 2. Diastereoselective hydrogenation of 8a. Reagents
and conditions : (a) H2, Pd/C 5%; EtOAC, rt, atmospheric
pressure, 91% of a 83:17 diastereoisomeric mixture; (b) flash
chromatography (EtOAc–hexane 1:9; major isomer: 79%
yield).

In this communication, we report a successful and
simple approach for the total synthesis of N-Boc-
dolaproine (2), employing a Baylis–Hillman reaction as
the key step. N-Boc-prolinal was prepared following a
well established procedure described in the literature.15

For the two acrylates examined (4 and 5), the Baylis–
Hillman reactions we performed without and with soni-
cation. The results obtained are summarized in Table 1.

As expected, the reactions with an aromatic acrylate
were faster than those in which methyl acrylate was
used. From Table 1, it is clear that the ultrasound
technique has a significant effect on the time of reac-
tion; however, the nature of acrylate moiety has a
major effect on both the reaction time and the stereo-
selectivity (entry 4).

Diastereoisomers obtained from methyl acrylate (8)
were chromatographically separable and the stereo-
chemistry of the major one, determined by 1H NMR
and proved to be anti (8a, Scheme 2), as expected.7 The
anti diastereoselectivity may be rationalized in terms of
the Felkin–Ahn open-chain model.16 The �D value of

the methyl derivative 8a was measured (−32.5°, c 1,
MeOH) and strongly suggested that the Baylis–Hillman
reaction had occurred without extensive racemization
(Scheme 2).

Unfortunately, the relative stereochemistry of the
phenyl derivative was uncertain (8c and 8d, see Table
1). The diastereoisomers could not be easily separated
on a silica gel chromatographic column and their 1H
NMR spectra were undistinguishable. The planned syn-
thetic pathway was followed subjecting only 8a (anti
methyl derivative, enantiomerically enriched) to the
hydrogenation step (Scheme 2).

Ester 9 was obtained in a 83:17 diastereomeric ratio
determined by GC–MS of the crude product. To define
the stereochemistry of the major isomer, after purifica-
tion by flash chromatography, ester 9 was subjected to
deprotection and a cyclization sequence to yield lactam
10 (Scheme 3).11 NOE experiments supported the stereo-
chemical assignment: the cyclic product did not show
increment of signals, suggesting a trans CH–CH3 rela-
tionship (lactam 10a). Similarly, the same experiment
on the lactam derived from the minor diastereoisomer
showed a signal increment of �10%, suggesting a cis
CH–CH3 relationship. These observations confirmed
the anti–syn (C2�C3��C2�, Scheme 3) configuration of
ester 9a.

Then, ester 9a was subjected to the next synthetic step.
To confirm, as quickly as possible, if we were in the
right direction, we decided, in this stage of the work, to

Table 1. Baylis–Hillman reaction of N-Boc-prolinal

Entry Acrylate Conditions Time (% yield) Ratiod

1 3:17 days (70)StandardbMethyl
Methyl Ultrasoundc2 5 days (75) 3:1

3 8:14 days (65)StandardPhenyla

2 days (70)Ultrasound 8:1Phenyl4

a CAUTION: Phenyl acrylate is both an irritant and toxic.
b Room temperature, CH2Cl2; DABCO/aldehyde (equimolar ratio)

and 4-fold excess of the acrylate.
c Ultrasonic cleaner, 1000 W, 40 kHz.
d Determined by CG–MS.

Scheme 3. Relative stereochemistry determination of 9a.
Reagents and conditions : (a) CF3CO2H/CH2Cl2, 68% yield; (b)
K2CO3/MeOH, overnight (9a�10a: 82% yield; 9b�10b: 71%
yield).
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Scheme 4. Synthesis of N-Boc-dolaproine (2). Reagents and
conditions : (a) LiOH/THF, rt, 16 h, 87%; (b) Me3OBF4,
CH2Cl2, proton sponge, rt, 18 h, 70%.
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5413–5418; (b) Augé, J.; Lubin, N.; Lubineau, A. Tetra-
hedron Lett. 1994, 35, 7947–7948.

15. Pettit, G. R.; Singh, S. B.; Herald, D. L.; Williams, P. L.;
Kantoci, D.; Burkett, D. D.; Barkbczy, J.; Hogan, F.;
Wardlaw, T. R. J. Org. Chem. 1994, 59, 6287–6295.

16. (a) Cherest, M.; Felkin, H.; Prudent, N. Tetrahedron
Lett. 1968, 18, 2199; (b) Ahn, N. T. Top. Curr. Chem.
1980, 88, 144–162; (c) Hoffmann, R. W. Chem. Rev.
1989, 89, 1841–1860.

17. Nakai, T.; Mikami, K.; Terada, M. Tetrahedron Lett.
1991, 32, 937.

18. Ref. 3g: [� ]D
26=−56.8° (c 0.52, MeOH); Ref. 3i: [� ]D

25=
−57.0° (c 0.81, MeOH); Ref. 3b: [� ]D

27=−54.5° (c 1,
MeOH).

19. All spectral data were compatible with those related
previously for N-Boc-dolaproine (2). A colorless viscous
oil, which crystallize on standing. Recrystallization
(twice) from acetone–hexane produced needles: mp 138–
142°C; [� ]25

D=−60.2° (c 0.5, CH3OH); (lit.9 [� ]25
D=−61.4°

(c 0.5, CH3OH); lit. [� ]25
D=−57.0° (c 2.08, CH3OH);

EIMS m/z 287 (M+), 255, 214, 170, 114, 70; IR (KBr,
�max): 3084, 2978, 2938, 2884, 1736, 1696, 1402, 1167,
1167, 1099 cm−1; 1H NMR (500 MHz, CD3CN, 50°C) �

3.80 (m, 2H), 3.44 (m, 1H), 3.39 (s, 3H, OCH3), 3.16 (m,
1H), 2.47 (m, 1H), 1.96–1.82 (m, 4H), 1.72 (m, 1H), 1.44
(s, 9H), 1.18 (d, 3H, J=7 Hz).

20. For an example of a Baylis–Hillman reaction with 4-
oxoazetidine-carboaldehydes without racemization, see:
Alcaide, B.; Almendros, P.; Aragoncillo, C. J. Org.
Chem. 2001, 66, 1612–1620 and references cited therein.

21. For an example of a Baylis–Hillman reaction using a
configurational restricted amino aldehyde without race-
mization, see: Nayak, S. K.; Thijs, L.; Zwanenburg, B.
Tetrahedron Lett. 1999, 40, 981–984.


	An easy and stereoselective synthesis of N-Boc-dolaproine via the BaylisHillman reaction
	Acknowledgements
	References


