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Abstract—Lithium amide reacted with spiroketal enol ether characterized tonghaosu analog at )78 �C to give the only hydroam-
ination product 4 in a highly regio- and diastereoselective manner. At a higher temperature, )40 �C, the presence of free amine was
critical for the hydroamination to take place; otherwise, rearrangement of tonghaosu analog to 2,3-dihydrofuran derivative like 6
was the only reaction.
� 2004 Published by Elsevier Ltd.
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Scheme 1. Tonghaosu and its analogs.
Tonghaosu, 2-(2,4-hexadiynylidene)-1,6-dioxaspiro[4.4]-
non-3-ene (1), is an antifeedant component of a vege-
table called tonghao (Chrysanthemum segetum L. or C.
Coronarium L.) in China and was also found in other
plants of the tribe Athemdeae.1;2 The first synthesis of
tonghaosu was reported in early 1960s by Bohlmann
group, though in quite low overall yield.3 Recently, we
have developed a general and concise synthetic meth-
odology for tonghaosu and its spiroketal enol ether
characterized analogs. A variety of tonghaosu analogs
(2) with varied unsaturated groups and B-rings (Scheme
1) have been prepared in our laboratory,4–6 and most of
them showed antifeeding activity comparable to that of
tonghaosu. This method provides an easy access to
tonghaosu as well as its analogs for molecular diversity.

Amines and their derivatives are of great importance in
many fields of chemistry, especially in pharmaceuticals
and agrochemicals. Olefins hydroamination is one of the
most atom economic ways to prepare these compounds.
Hydroamination may take place under a variety of
catalytic reaction conditions including basic, acidic; in
the presence of lanthanoid complexes, transition metals
or rhodium catalysts.7 Among them the base-catalyzed
hydroamination of simple olefins often requires harsh
conditions, such as high temperature and high pressure.
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Nevertheless the addition of amines to olefins with
adjacent electron-withdrawing groups proceeds very
readily, especially the conjugated addition of chiral
lithium amide to a,b-unsaturated ester, which can pro-
ceed in high yield and stereoselectivity.8 However, to the
best of our knowledge, no hydroamination of a,b-
unsaturated acetal has been reported. Therefore the
hydroamination of 2,4-dienyl spiroketal containing
tonghaosu analogs would not only be interesting from
the point of view of chemistry, but it also gives amino-
containing tonghaosu analogs, which would be useful
candidates in searching for more efficient insect anti-
feedant or other agrochemicals. Herein, we would like to
report the highly regio- and diastereoselective hydro-
amination of tonghaosu analogs.

The reaction of tonghaosu analogs 3 with lithium amide
generated in situ from amine and n-butyllithium pro-
ceeded readily at )78 �C. The regioselectivity was
excellent with amine attacking exclusively on C4 of
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tonghaosu analogs.9 Furthermore only one diastereo-
mer compound 4 with amino group cis to O6 was
obtained. The results are summarized in Table 1. As can
be seen, lithium amide from secondary amines, such
as morpholine, pyrrolidine, and piperidine, all afforded
the products in good yields, while primary amine,
such as n-butylamine (entry 2) gave much lower yield,
and aromatic amines (entries 3 and 4) did not react with
tonghaosu analog at all even the reaction mixture was
warmed up to room temperature. The relative configu-
Table 1. Hydroamination of 3 with amines at )78 �C

OAr

O

HNR1R2, TH

n-BuLi, TME

-78 oC
3

1

3 4

5

6

8
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Entry Tonghaosu analog Ar R1R

1 3a Ph O

2 3a Ph NH

3 3a Ph PhN

4 3a Ph H2N

5 3b
O

O
O

6 3b
O

O
N
H

7 3c MeO O

8 3c MeO N
H

9 3d Me O

10 3d Me N
H

11 3e O2N O

12 3f
NN

Me

Me

Ph

O

13 3f
NN

Me

Me

Ph
ration of compound 4a was unambiguously determined
by the X-ray crystallography (Fig. 1) with the amino
group cis to O6. The excellent regioselectivity and dia-
stereoselectivity were presumably resulted from the
chelating effect of lithium amide with O6, which directed
the attack of amine at C4 from the same face as O6
(Scheme 3). These results indicated that the hydroam-
ination of 2,4-dienyl spiroketal containing tonghaosu
analogs was somewhat different from the Michael
addition of lithium amide to an a,b-unsaturated ester,
F

DA

OAr

O

NR1R2

4
only product

2NH Products Yield (%)

NH 4a 94

2Bu 4b 41

H2 NR

N

N
NR

NH 4c 87

4d 82

NH 4e 83

4f 80

NH 4g 90

4h 70

NH 4i 44

NH 4j 87

NH 4k 71



Figure 1. X-ray crystal structure of compound 4a.11
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Scheme 2. Reaction of 3b with lithium amide at )40 �C in the absence

of free amine. Reagents and conditions: (a) morpholine (2 equiv),

n-BuLi (2 equiv), TMEDA, )40 �C, 65%; (b) Pd/C, H2, MeOH, rt,

90%.
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where b addition would take place.10 In addition, no
hydroamination took place, if free amines instead of
lithium amides were used as the nucleophiles.

Regioselectivity of the hydroamination here was found
to be dependent on reaction temperature. When the
addition reaction of amine to tonghaosu analog took
place at higher temperature )40 �C, two products, 4 and
5, were isolated in a ratio of �12:1 favoring compound 4
(Table 2). The determination of compound 5 as a regio-
isomer of 4 relied mainly on 1H NMR spectroscopic
data. The chemical shift of H10 in compound 5 was ca.
5.9, while that of H10 in compound 4 was ca. 5.2, the
chemical shift of H10 in 5 appearing at much lower field
might be attributed to electrostatic repulsion from
neighboring amino group. The relative configuration of
compound 5 was tentatively assigned as depicted, where
amino group was located at the same face as O6.

In contrast to the hydroamination at )78 �C where the
absence of free amine in reaction mixture had no effect
on the reaction, more amounts of amine than n-butyl-
lithium was necessary for the reaction at )40 �C to
Table 2. Hydroamination of tonghaosu analog at )40 �C in the presence of

OAr

O

HNR1R2, THF

n-BuLi, TMEDA

-40 oC

Ar

3
1
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Entry Tonghaosu analog R1R2NH

1 3a NHO 4

2 3b NHO 4

3 3b N
H

4

4 3d

N
H

4

proceed in the desired direction. For instance, after
treatment of morpholine with 1 equiv of n-butyllithium,
there should be no free morpholine in the reaction
mixture. The resulting lithium amide then reacted with
tonghaosu analog 3b at )40 �C to give compound 6
instead of the hydroamination products 4c and 5c
(Scheme 2). In addition, treatment of 3b with LDA
(lithium diisopropylamide) also gave compound 6.
Compound 6 and its derivative 7 were identified by 1D,
2D NMR, HREIMS, EIMS, and IR data.

Based on the results in hand, we proposed a mechanism
for the hydroamination of tonghaosu analog as shown
in Scheme 3. The chelation of lithium amide with O6 of
tonghaosu analog led to diastereo- and regioselective
addition of amine at )78 �C to afford intermediate I,
which after quenching with water gave compound 4
exclusively. When the reaction mixture was warmed up
to )40 �C, an equilibrium between intermediate I and II
occurred. The latter could be converted to compound 5
in the presence of free amine, however, if there was no
excessive amine in the reaction mixture, it would be
free amine

O
O

NR1R2

4

+
OAr

O

1R2RN

5

Products (yield %) Ratio 4/5

4 5

a (72.4) 5a (5.6) 13/1

c (68.4) 5c (6.4) 11/1

d (63.7) 5d (4.3) 15/1

h (65.0) 5h (5.0) 13/1
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Scheme 3. Possible mechanism for the reaction of tonghaosu analog and lithium amide.
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rearranged to enolate III via ring opening, thus finally
leading to compound 6.

In summary, a novel addition of amine to spiroketal
enol ether characterized tonghaosu analog was
described. The hydroamination proceeded in a highly
regio- and diastereoselective fashion at )78 �C, and the
presence of free amine proved to be indispensable to the
hydroamination at higher temperature. The bioassay of
newly prepared amine-containing tonghaosu analogs is
in progress and will be reported in due course.
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