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The scope and generality of a new reaction of indoles with MTAD is discussed. In most cases the ene-type reaction proceeds within seconds
or minutes at 0 °C to provide the urazole adducts in high yield. This reaction provides the first method for protecting the indole 2,3-double
bond since the urazole adducts can be reconverted to the starting indole (retro-ene) simply by heating.

We recently reported a new reaction of indoles with
4-methyl-1,2,4-triazoline-3,5-dione (MTAD) and the ap-
plication of this method to the first enantioselective synthesis
of okaramine N 2, Figure 1) Since triazolinediones react
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Figure 1. Use of MTAD in the final step of the total synthesis of
okaramine N 2).

similarly to singlet oxygen in ene reactiohsye expected
that MTAD would react rapidly with an indole. In addition,
it appeared reasonable that the resultertrurazole adducts
could be transformed into the starting indole by retro-ene
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reaction; such a reaction is not possible with the singlet
oxygen adduct. This novel strategy was successfully em-
ployed to protect the more electron rich indole subunit of
from the ensuing further reaction witfD,. It was expected
that the urazole—okaramine conjugate could be converted
by thermal retro-ene reaction to okaramine N (2). These
reactions, in fact, proceeded very well.

Triazolinediones were first reported in an ene-type reaction
by Pirkle and Stickler in 1967. Since then, these species have
rarely been employed in synthesis. Recently Adam and co-
workers have investigated diastereoselective ene reactions
of olefins with MTAD for the synthesis of allylic aminés.
Experiments with indoles were reported not to yield simple
ene adduct$.

The efficiency with which MTAD derived urazoténdole
adducts can be created and then dismantled by the retro-ene
reaction for dihydroindoloazocine systems such as okaramine
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Table 1. Ene Reaction of Indoles with MIAD and Retro-ene Deprotection
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led us to explore the generality and scope of this methodto 0 °C in CH,Cl, and is readily monitored by TLC. The
with other indoles. course of the reaction can also be followed visually since
As shown in Table 1, a variety of indoles were found to the pink color of the MTAD reagent fades as it is consumed.
be amenable to the MTAD protectisideprotection methotl. In the case of indol8 the reaction was instantaneous, while
The addition of MTAD (1.6-1.2 equiv) takes place at5 10 and 13 required 10—30 min in CkCl,, but reacted
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instantly in methanol. The reaction of MTAD witki-acetyl reducing conditions failed to convert these tryptophan-
indole 8 required 4 h for completion in C§€l,, but occurred derived urazole adducts to the parent indoles.

within 10 min in MeOH and 1 min in C&£H,OH. BF:- Acceleration of the ene reaction by polar, protic media
Et,O accelerated the reaction of MTAD aBdbut a different (e.g. MeOH) indicates that the addition of MTAD to indoles
ene product resulted from attachment of MTAD to C(2). may proceed through a zwitterionic intermediate as depicted
These results provide clear evidence of protic or Lewis acid in Figure 3. In most cases, if an excess amount of MTAD is
catalysis of these ene reactions. Indeleacted rapidly with
MTAD to give imine 6, which isomerized upon standing in
CDCl; to eneamine?. Indole 15 reacted with MTAD

selectively at the indole site rather than the nearby enophilic
double bond. The structure dfwas confirmed via X-ray N N
crystallography, as depicted in Figure 2. N
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Figure 3. Formation of urazoleindole adducts might proceed via
a two-step mechanism.

Figure 2. ORTEP representation of the crystalline adddict added, electrophilic aromatic substitution takes place on the
indole aromatic ring. Even carbazole reacts with MTAD
slowly to afford a mixture of MTAD adducts. More than
In the cases where the MTAD ene-reaction led to a final gpe equivalent (1.2) of MTAD is sometimes necessary due
imine product (e.gl, 3, and 19), the thermal retro-ene tg this competing reaction, which accounts for the less than
process was generally facile at +1050°C. Eneamine-type  guantitative yield of urazole adduct in most cases.
adducts (79, and11) and urazole-substituted pyrroloindo- pifferences in reactivity of different indole subunits toward
lines (14,16, and18) were less reactive and required higher MTAD, as described above, are greater inCH than in
temperatures (250—28€C, in vacuo), but the retro-ene  \eOH. This difference in reactivity was useful since it

process proceeded smoothly with short contact times in apermitted selective reaction to theunsubstituted indole in

urazole—indole adduct and connected to a long Pyrex tubegkaramine N
(55 x 1 cm, 14/20 joints, which was enclosed in the furnace |y conclusion, the first general method for protection of

(20 cm) and connected to an evacuated receiver). Condensage 2,3-zdouble bond of indoles has been developed. The
tion of the pure parent indoles occurred rapidly on the surface method is chemoselective for indoles in the presence of
of the tube outside of the hot zone in-685% yield. With  double bonds. Electron-rich indoles react faster than electron-
the exception of urazole addutt, this thermolysis proce-  geficient ones. The process of protection and deprotection
dure simply and routinely furnished the starting parent s poth rapid and operationally simple.

indoles. It appears that the tertiary carbamate suburiitLof
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