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Abstract: A Lewis acid catalyzed domino—amidation—spirocy—wIeo
clization reaction is described which provides the spirocyclic cot

of the erythrina and B-homoerythrina alkaloids, forming threMe®
bonds in one process.
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Figurel Erysotramidinel)

Ecological and economical aspects are increasingly ir8rysotramidine 1, Figure1), have been isolated which
portant in modern synthetic chemistry. The domino co’ghow pronounced biological activitye.g. curare-like
cept has proven to be very successful in this contéxt. properties as well as hypotensive, sedative, anticonvul-
domino reaction is a transformation of two or more bondjve, and CNS-depressive properticdome members of
forming reactions — that in an ideal procedure proceegls alkaloid family have already been synthesfzed.

under identical reaction conditions — in which the Iatt%( e characteristic tetracyclic aza-spiro structtsed of

transformations take place at the functionalities obtain e erythrina and homoerythrina alkaloids was formed by

in the former stepsHere we describe a domino proces 4 . . . .
which allows us to build up the erythrina and B-homo? LeW|s_aC|d catalyzed domino reaction of primary aryl-
eé;hylammeéa,b and an oxocarboxylatin the presence

erythrina skeleton in one process starting from readi . ! i .
available substrates. The erythrina alkaloids are a wid { AlMe;; l;[hree for%dsblaae foSr_m(_ald Isuccleedrl]ngtly n th||s
spread class of natural products that can be found in tr(gfpcess ( |gure| ’ I a eb).f |m|gry,. asho ¢ e eroalmtarl]o-
ical and subtropicdFebaceae plants of the erythrina ge- ous compoun can be formed using heteroaryleth-

nus? Numerous alkaloids of this family, such asylammes age,d.

AlMegs, In(OTf)3

O MeCN, 20-180 C,
n —20 h
NH, o Osg 320
then
0 TfOH, rt.,5h
2a—d 3a:n=1 R=Et

3b:n=2,R=Me

MeO 0
o)
MeO N ” <o §
)n )
D= Meojg}’% <o il"a
O:C
2b

MeO 4a:n=1,99% 4c:n=1,99%
2a 4b:n=2,38% 4d:n=2,70%
S
@)1& S Hl‘a 7 | 0 S | 0
< \ | s N N
)rl )n

2c 2d

4e: n=1,84% 49: n=1, 65%

4f: n=2,52% 4h: n=2,52%

Schemel Lewis acid mediated domino reactions

SYNLETT 2008, No. 4, pp 0525-0528

Advanced online publication: 12.02.2008

DOI: 10.1055/s-2008-1032091; Art ID: G34907ST
© Georg Thieme Verlag Stuttgart - New York



526 L. F. Tietze et al. LETTER

0 _/_\ 0
MeO NH
2 OEt AlMez, LA  MeO 'TIH ., EO
+ AlMe, J
MeO o} MeO o
2a 3a 5

MeO
®
oo . MeO . o --AIOEMe, y Om Co
MeO N—( ~ MeO o " o LA""OA/
e e
LA C
8 ! - ° )
+
MeO _.-AIOEtMe; MeO
o MeO
I ® O o)
MeO TfOH \v A N
« _TOH _ meo ) —
MeO
. 10 4a
MeO. Meo e
N N }
oo + MeO * MeO
N z
. " 13

Scheme2 Proposed mechanism of the domino reaction

As an example, the reaction 2d and2b with 3a Using 15161 Results of the Domino Reactions
two equivalents of AIMgand 4 mol% to 25 mol% of in-
dium triflate [In(OTf)] at room temperature for 17 hourseEntry Amine Ester Temp Time In(OTf); Product  Yidd

followed by treatment of the reaction mixture with triflu- C) (M (%)
oromethangsulfo.mc acid (TfOH) for 5 hours g@aeand 1 oa 3a o5 17 5 la 99
4c, respectively, in 99% yield (Schemel, Tablel, entries

1 and 3). Similarly, transformation 26—d and3b as well 2 2a 3b 100 3 4 4b 38

as2a—d and3b led to4b and4d—4h in 38—-84% yield em-
ploying the reaction conditions shown in Tablel (entries
2 and 4-8). The yields of the reaction leading to the homa- 2b 3b 160 12 25 4d 70
erythrina skeleton are always somehow lower. Interest-
ingly, the reaction also works using the 2- and 3-
thienylethylamine&c and2d; however, again with lower 6 2c 3b 10 12 5 4f 52
yields than in the case @&

7 2d 3a 100 3 5 4g 65

The mechanistic details of the domino process are not yet

fully understood. Online NMR investigationand isolat- 8 2d 3 180 3 5 4h 52

e_d intermediates let us propose the fOIIOW”’?g mode of &Cxmine @, 1.00 equiv), AMg (2.00 equiv, 2 M, in toluene), kets-e
tion (Scheme?2). Treatment of the amBReewith AIMe;  ter 3, 1.00 equiv), MeCN (0.5 mL/equiv), time, temp, then TfOH
and3a in the presence of catalytic amounts of In(QTf)(3.50 equiv), r.t., 5 A.

gives the corresponding aluminum am&dehich attacks

the esteBa forming the aluminum aza-enolde An at- ) ) o

tack of the aluminum amid&onto the keto instead of the Mmation of the enamine® and9, indicated by the corre-
ester functionality irBa has not been observed, which corsponding lactam specidd-13 formed if the reaction is
responds well to the high oxophilicity of the aluminunflueénched with base at this stage. Addition of TfOH to the
species. Subsequent intramolecular attack at the k&@&ction mixture results in the formation of the iminium
functionality under Lewis acid catalysis leads to the fofon 10, which undergoes a ring closure upon intramolecu-

2b 3a 25 17 25 4c 99

2c 3a 25 13 17 4e 84
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lar electrophilic attack at the aromatic ring to give the spi- (5) (a) Stanislawski, P. C.; Willis, A. C.; Banwell, M. Grg.

rocyclic productda.

The described process is much more convenient than the
reaction of the enol acetate of the keto esdarsr 3b’
since it saves one step and gives better yields. We have in-
vestigated the use of other acids for the C-ring closure;
however, TfOH was the only reagent which allowed the
cyclization. It should be pointed out that the aryl ethyl
amines2a and2b with 3a gave similar results, though the
electron density of the aromatic moiety of the two sub-
strates, being important for the electrophilic aromatic sub-
stitution, is different. Thus, in the case of the
methylenedioxy-substituted compound the electron den-
sity should be lower due to a reduced overlap of the non-
bonding electron pairs at the oxygen atoms of the 1,3-
dioxy moiety and th&-system of the aromatic ring due to
an anomeric effect. However, acyl iminium ionsl@sre
highly reactive species that this difference of electron den-
sity does not affect the transformation in this case.

The presented domino reaction with the formation of three
bonds is a highly efficient process, which allows the syn-
thesis of the erythrina and B-homoerythrina alkaloid skel-
etons in up to 99% yield.
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General Procedure

To a stirred solution of amirz(1.00 equiv) in MeCN (0.5
mL/mmol) was added dropwise atO AlMe; (2.00 M in
toluene, 2.00 equiv), then In(OT{4—25 mol%) and the
ester3 (1.00 equiv), and stirring was continued for 3—17 h at
r.t. or the mixture was heated to 100—280under
microwave irradiation. The reaction mixture was cooled to
0°C, TfOH (3.5 equiv) was added dropwise and stirring was
continued for 5 h at r.t. Subsequently, the mixture was
guenched by addition of sat. aq NaH&D0°C with stirring

for 20 min. The mixture was extracted with EtOAc, the
combined organic layers were washed with brine, dried over
Na,SO,, and the solvent was removed under reduced
pressure. The crude product was subjected to column
chromatography to yield 38—99% of the spirocykle
Compoundda: *H NMR (300 MHz, DMS0)8 = 1.35-1.60
(m, 5 H, 3-H, 2-H,, 1-H,), 1.75-1.82 (m, 2 H, 4-p} 1.95-
1.99 (m, 1 H, 1-K), 2.12 (m, 2 H, 7-H), 2.54-2.60 (m, 1 H,
6-H), 2.63 (dddJ = 3.0, 6.0, 16.5Hz, 1 H, 11:2.80 (ddd,
J=7.4,10.0,16.5Hz, 1 H, 11g43.15 (ddd,) = 6.0, 10.0,
13.2 Hz, 1 H, 10-k}, 3.71 (s, 3 H, OCH}, 3.76 (s, 3 H,
OCH;), 3.86 (dddJ = 3.0, 7.4, 13.2 Hz, 1 H, 10} 6.67 (s,
1H, 17-H), 6.91 (s, 1 H, 14-H¥C NMR (300 MHz,

DMSO0): § = 20.06 (C-2), 20.57 (C-3), 26.14 (C-11), 27.17
(C-1), 34.26 (C-10), 35.01 (C-4), 36.29 (C-7), 36.67 (C-6),
55.42 (OCH), 55.74 (OCH), 61.75 (C-5), 108.7 (C-14),
112.5 (C-17), 125.5 (C-12), 134.7 (C-13), 147.0 (C-16),
147.5 (C-15), 173.6 (C-8).

Compoundtb: IH NMR (300 MHz, DMSO)d = 1.18-1.42
(m, 2 H, 11-H, 13*-H,), 1.42-1.69 (m, 5 H, 2-H12*-H,,
13*-H), 1.69-1.82 (m, 2 H, 1-§ 2.05 (ddJ=18.5, 6.2

Hz, 1 H, 14-H), 2.18-2.26 (m, 1 H, 114 2.33-2.47 (m, 1

H, 14-H), 2.52 (dJ=5.9 Hz, 1 H, 6-H), 2.63 (m, 1 H, 14a-
H), 2.84-2.99 (m, 1 H, 6-f 3.19 (tdJ = 12.3, 5.9 Hz, 1 H,
5-H,), 3.70 (s, 3 H, OC}J, 3.73 (s, 3 H, OCH}, 4.53 (dd,
J=13.2,75Hz,1H, 5}, 6.62 (s, 1 H, 7-H), 6.82 (s, 1 H,
10-H).C NMR (300 MHz, DMSQ)5 = 21.42 (C-13%),
22.15 (C-12*), 25.07 (C-1), 25.60 (C-2), 26.06 (C-6), 28.14
(C-14), 34.48 (C-5), 34.77 (C-14a), 39.58 (C-11), 55.32
(OCH,), 55.89 (OCH), 60.99 (C-10b), 107.2 (C-10), 112.9
(C-7),126.5(C-6a), 135.8 (C-10a), 146.9 (C-9), 147.4 (C-8),
171.0 (C-3).

Compoundic: 'H NMR (300 MHz, DMSQ)5 = 1.28-1.48
(m, 3 H, 3-H, 1-H,), 1.49-1.58 (m, 2 H, 2-j, 1.71-1.75

(m, 1 H, 4-H), 1.78-1.83 (m, 1 H, 44§} 1.91-1.99, (m, 1

H, 1-H,), 2.09-2.14 (m, 2 H, 7-ji 2.49-2.54 (m, 1 H, 6-
H), 2.59-2.67 (m, 1 H, 11-§§ 2.73-2.87 (m, 1 H, 11}
3.11-3.21 (m, 1 H, 10-p 3.78-3.85 (m, 1 H, 1041 5.94

(s, 2 H, 18-H), 6.65 (s, 1 H, 17-H), 6.97 (s, 1 H, 14-FC
NMR (300 MHz, DMSQ)$ = 19.90 (C-2), 20.49 (C-3),
26.58 (C-11), 27.02 (C-1), 34.25 (C-10), 35.01 (C-4), 36.22
(C-7), 36.71 (C-6), 62.13 (C-5), 100.7 (C-18), 104.9 (C-14),
108.7 (C-17), 126.8 (C-12), 135.9 (C-13), 145.6 (C-

16), 145.7 (C-15), 173.6 (C-8).

Compoundidd: 'H NMR (300 MHz, DMSO)5 = 1.20-1.35
(m, 2 H, 11-H 13*-H,), 1.35-1.52 (m, 2 H, 1-ji 1.50-1.80
(m, 5H, 2-H, 12*-H,, 13*-H,), 2.04 (dd,) = 18.6, 6.6 Hz, 1

H, 14-H), 2.18-2.25 (m, 1 H, 11}{ 2.32-2.44 (m, 1 H, 14-
Hp), 2.55-2.70 (m, 2 H, 6-H14a-H), 2.80-2.92 (m, 1 H, 6-
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Hy), 3.14 (tdJ=11.9,5.8 Hz, 1 H, 5-}), 4.52 (ddJ = 13.7,
7.4Hz, 1H,5-H),5.96 (s, 2 H, OCKD), 6.61 (s, 1 H, 7-H),
6.92 (s, 1-H, 10-H)3C NMR (300 MHz, DMSO0)8 =21.36
(C-13%), 22.07 (C-12%), 25.05 (C-1), 25.56 (C-2), 26.53 (C-
6), 28.10 (C-14), 34.22 (C-5), 34.83 (C-14a), 39.62 (C-11),
61.12 (C-10b), 100.5 (OCGB), 103.3 (C-10), 109.1 (C-7),
127.6 (C-6a), 137.0 (C-10a), 145.4 (C-9), 145.5 (C-8), 170.8
(C-3).

Compoundde: *H NMR (300 MHz, DMS0)3 = 1.48-1.64

(m, 6 H, 11-H, 10-H,, 9-H,, 8-H,), 1.82-1.87 (m, 1 H, 11-
Hp), 1.94-1.99 (m, 1 H, 8-} 2.10-2.19 (m, 2 H, 4-}18a-

H), 2.39-2.48 (m, 1 H, 441 2.48-2.74 (m, 2 H, 12-}{

2.96 (td,J=12.3, 6.7 Hz, 1 H, 5-§, 4.00-4.11 (qd, 1 H,
J=6.5,1.3Hz,5-F,6.85(dJ=5.4Hz, 1 H, 3-H), 7.35 (d,
J=5.4 Hz, 1 H, 2-H)!*C NMR (300 MHz, DMSO):

6 =19.57 (C-10), 21.00 (C-9), 24.46 (C-11), 25.10 (C-12),
33.16 (C-5), 34.43 (C-8), 34.54 (C-4), 40.33 (C-8a), 61.03
(C-12a), 122.9 (C-2), 126.9 (C-3), 132.4 (C-12b), 139.2 (C-
3a), 171.0 (C-7).

Compound4f: *H NMR (300 MHz, DMSO¢g): 8 = 1.35—

1.61 (m, 4 H, 12-4 13-H,, 12-H,), 1.61-1.80 (m, 4 H, 10-
H,, 9-H,, 11-H), 1.84-1.94 (m, 2 H, 11} 2.03-2.09 (m,
1H,9a-H), 2.11-2.25 (m, 2 H, 8;+8-H,), 2.37-2.49 (m, 1

H, 8-H,), 2.53 (dddJ = 1.0, 5.3, 16.5 Hz, 1 H, 4;}§ 2.70
(ddd,J=6.8, 11.7, 16.5 Hz, 1 H, 44 3.16 (dddJ = 5.3,
11.7,13.3 Hz, 1 H, 5-}, 4.58 (dddJ = 1.0, 6.8, 13.3 Hz, 1

H, 5-H,), 6.80 (dJ=5.0 Hz, 1 H, 3-H), 7.34 (d,= 5.0 Hz,

1H, 2-H).2*C NMR (75 MHz, DMSOd): § = 21.69 (C-12),
22.77 (C-10), 23.10 (C-13), 24.30 (C-4), 26.82 (C-11), 29.68
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(C-8),34.88 (C-5), 38.20 (C-9), 39.34 (C-9a), 61.27 (C-13a),
122.8(C-2),127.3(C-3), 134.3(C-3a), 142.1 (C-13b), 170.2
(C-7).

Compound4g: 'H NMR (300 MHz, DMSO#): 6 = 1.46—
1.68 (m, 6 H, 5-H 6-H,, 7-H,, 4-H)), 1.85-2.99 (m, 2 H, 7-
Hp, 4-Hy), 2.14 (ddJ = 6.9, 14.0 Hz, 8-}, 2.21-2.29 (m, 1

H, 7a-H), 2.35 (ddd] = 0.8, 8.9, 14.0 Hz, 1 H, 8¢} 2.70—
2.86 (m, 2 H, 12-§), 3.01-3.11 (m, 1 H, 11-}§ 4.09-4.16

(m, 1 H, 11-H), 7.18 (dJ=5.3 Hz, 1 H, 3-H), 7.35 (d,
J=5.3 Hz, 1 H, 2-H)!3C NMR (75 MHz, DMSO¢l):

6 =19.95 (C-5), 20.23 (C-6), 23.88 (C-12), 24.97 (C-7),
33.45 (C-11), 34.12 (C-4), 35.08 (C-8), 37.68 (C-7a), 61.10
(C-3b), 123.4 (C-2), 124.3 (C-3), 132.3 (C-12a), 140.8 (C-
3a), 171.9 (C-9).

Compound4h: *H NMR (300 MHz, DMSOel): 8 = 1.21—
1.38 (m, 1 H, 4-H), 1.38-1.55 (m, 4 H, 4-8-H,, 6-H,),
1.55-1.68 (m, 2 H, 5-§), 1.68-1.78 (m, 2 H, 7-H 2.09

(m., 1 H, 9-H), 2.17-2.24 (m, 1 H, 64} 2.37-2.47 (m, 2

H, 7a-H, 9-H), 2.63 (ddJ =5.3, 16.2 Hz, 1 H, 13-} 2.90
(ddd,J=6.9,11.7, 16.2 Hz, 1 H, 13;4 3.23 (ddd,) = 5.3,
11.7,13.2 Hz, 1 H, 12-p{ 4.58 (ddJ=6.9, 13.2 Hz, 1 H,
12-H,), 7.00 (dJ=5.4 Hz, 1 H, 3-H), 7.27 (d,=5.4 Hz, 1

H, 2-H).3C NMR (75 MHz, DMSO#): & = 21.35 (C-4),
22.78 (C-8), 23.06 (C-13), 24.69 (C-7), 25.76 (C-5), 28.67
(C-9), 35.06 (C-12), 36.46 (C-7a), 38.31 (C-6), 61.42 (C-
3b), 122.7 (C-3), 123.2 (C-2), 134.1 (C-13a), 143.21 (C-3a),
171.3 (C-10).
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