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ABSTRACT
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PtCly, EtOH, 50 °C, 1 h

R3” "Nj

2,6-di-tert-butyl-4-
methylpyridine H
50 °C or reflux

55~88%

PtCls-catalyzed cyclization reactions of homopropargyl azide derivatives to pyrrole rings were investigated. Using ethanol as solvent with
2,6-di- tert-butyl-4-methylpyridine as the base was found to be the best set of conditions for effecting this ring-closing reaction. These reaction
conditions can be applied to the preparation of functionalized pyrrole derivatives, with no effect on the functional groups.

Carbon-nitrogen bond formation reactions are an important
tool in the synthesis of biologically active heterocyclic
substancesIn our efforts directed toward the development
of new synthetic methods for obtaining heterocyclic com-

to the low reactivity of the alkyne group. Until now,
cyclization reactions, which involve the formation of carbon
nitrogen bonds, catalyzed by early transition metal or
organolanthanoide complexes have been well investigéted.

pounds, we had previously reported effective methods for In addition, examples for the same type reactions catalyzed
the synthesis of substituted indole derivatives, catalyzed byby late transition metal complex, which contain, e.g., Pd,

Cu(ll) saltg or Pd(PPk;—methyl propiolate compleX.
Intermolecular nucleophilic addition reactions of the nitrogen
atom to the alkyne moiety, that do not conjugate to ttfe sp
or sp-hybridized carbon, tend to be difficult, apparently due
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Au, Ag, Cu, and Ru, also have been reportédin spite of
the powerful catalytic properties of Cu(ll) s&ltand Pd-
(PPh)s—methyl propiolate complekthe cyclization reac-
tions of 1 to 2 could not be effected, and starting material
was recovered quantitatively (Scheme 1). After several
attempts, we found that the cyclization reactionlofvas
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necessary in 1,2-dichloroethane was presumed to be due to

Scheme 1. Cyclization Reactions of the TosylamideSystem low solubility of PtCl, (Table 1, entry 1). This problem was
H Ph H
- 4 - A
_ .H mph Table 1. Cyclization Reactions Catalyzed by Pi@rr PtCh
H 1 H T¢ H Ph

) ) =" PtCatalyst (5 mol %) mph
Reaction Conditions A Solvent, 50 °C N
H
4

A:Cu(OAc), or Cu(OTf), a N3
CICH,CH,CI, reflux: No reaction 3
B:Pd(PPhg),, H—==—CO,Me ZnBry, i-Pr,NEt
CH,Cl; or THF, reflux: No reaction entry Pt catalyst solvent time (h)  yield (%)
C:PtCly (5 mol %), CH.Cly, reflux, 6.5 h:
68% yield 1 PtCly CICH;CH,Cl 16 70
2 PtCly EtOH 9 65
3t PtCly EtOH 1 79
. 4 PtCl tert-BuOH 24 2 (58)
catalyzed by platinum catalyst, recently reported to be an N e ¢ )a
) . 5 PtCly CICH,CH;Cl 24 10 (76)
activator ofzz-bonds (Scheme £’ 6 PtCl, EtOH o4 21 (67)
Disappointingly, it was found that the Pt&iatalyzed 76 PtCl, EtOH 24 40 (48)

cyclization reaction can only be applied to a limited number
¥ b d h .y b'Ipp f th . . aThe numbers in parentheses are yields of recov@rédhe reactions
of substrates, due to the instability of the enamine molety yere started after stirring the platinum catalyst in ethanolfa at 50°C.

of the products. However, in the process of surveying new
substrates and catalyst systems, we unexpectedly found that
homopropargyl azide derivatives could be converted to resolved by changing the solvent to ethanol (Table 1, entry
pyrrole rings in the presence of catalytic amounts of RtCl 2). Surprisingly, the reaction rate was much improved by
in 70% vyield (Scheme 2). While we were working on stirring the solution of PtGlin ethanol fo 1 h at 50°C before
adding the substrate (Table 1, entry 2 vs 3). The requirement
of the induction period for obtaining higher catalytic activities
suggested the possibility that initially added RtiSItrans-
formed to other active species.

In 1974, Hass and Hauthal reported that ethanol was

Scheme 2. PtCl,-Catalyzed Cyclization Reaction of
Homopropargyl Azide Derivatives

H ~Zz o PLCI, (5 mol %) A oxidized by PtC)] to produce PtG| acetaldehyde, and

CICH,CH,C1, 50 °C, 16 1 O:}‘Ph hydrogen chloridé? Noting from our results thaert-butanol
aNs 70% H was not an effective solvent (Table 1, entry 4), we speculated
3 4 that perhaps the active species in ethanol is £t&hich

could be generated in situ. However, when the reaction was
performed in the presence of commercially available RtCl
optimizing our reaction conditions, Toste’s research group completely different results were obtained than from the
published a paper describing nearly identical reactions, reaction with PtCJ. Namely, the reaction rates were much
including the conversion of homopropargyl azide derivatives slower in either dichloroethane or ethanol, and the rates could
to substituted pyrroles in the presence of catalytic amountsnot be improved, even with an induction period (as in entry
of (dppm)AuCl, and AgSbk in dichloromethane under mild  3). Furthermore, the reaction did not proceed to completion
conditions® Toste’s group proposed a reaction mechanism even after 24 h (Table 1, entries 5, 6, and 7). From these
in which gold(l) induces activation of the alkyne toward results, it is obvious that Pt&in ethanol is being converted
nucleophilic addition of the proximal nitrogen atom of the into a species other than PtCHowever, the true active
azide. Herein, we describe a simpler catalytic system for species cannot be identified at the present time. On the other
efficient pyrroles synthesis as Toste’s reaction. hand, since it is difficult to imagine that Pt(IV) could be
Optimization of the Pt-catalyzed reactions began with the reduced to Pt(ll) in dichloroethane, the structure of the
selection of the solvent. The long reaction time (16 h) catalyst may vary depending upon the solvent used.
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decomposition even under weakly acidic conditions. In fact,

Table 2. Cyclization Reactions in the Presence of Base when the reaction was applied $pthe pyrrole6 gradually
(CHy){0H decomposed over the long course of the reaction time.
H Z PtCI,, Base A Because the possibility for generation of hydrogen chloride
| m’ m(CH2)4OH could not be ruled out, we next ran the reaction in the
N H presence of a variety of bases. The addition of either the
5 6 inorganic base GEO; or the proton-sponge completely
PtCl, inhibits the reaction (Table 2, entries 2 and 3). On the other
entry (mol %) base (mol %) yield (%) hand, in the presence of a bulkier base, such as 2térdi-
1 5 50 (17) butyl-4-methylpyridine, the stoichiometry of the reaction was
9 5  CsyCOs(20) 0 (68) much improved over that obtained in the reaction run in the
3 5  proton-sponge (20) 0 (91)% absence of base [Table 2, entry5l4 6 = 67%) vs 4 6 +
4 5  2,6-di-tert-butyl-4-methylpyridine (20) 43 (44)° 6 = 87%)], although the reaction rate was slightly sup-
5 15 2,6-di-tert-butyl-4-methylpyridine (60) 72 pressed. Finally, the reaction could be run to completion by
aFor all entries5 and the base were added after the solution of AtCl increasing the amount of both Pi@ind the base to provide

ethanol was stirring fiol h at 50°C. ® The numbers in parentheses are the pyrrole6 in 72% yield
yields of recovered. '

Having established the reaction conditions, we next applied
it to other substrates with a variety of functional groups,

Since pyrroles arer-electron-rich heteroaromatic com- producing the results compiled in Table 3. The reaction
pounds, it is known that the pyrrole ring may be prone to conditions have to be modified slightly, depending on the

Table 3. Platinum-Catalyzed Cyclization Reactiéns

P R’ PtCl, R2
R2 =z 2,6-di-tert-butyl-4-methylpyridine n
EtOH RIN\R!
R¥ "N, H
. N yield (%) (time)
entry  homopropargyl azide product e under Ar atmospher under aerobic condition
H 4 Ph N
19 ' N 50°C 88 (4 h) 78 (60 min)
N, H 4
t' 4 (CH,),OH \
2° I s m‘c“zho“ 50°C 72 (120 min) -
NG H 6
W CHICH, \
3 I m_‘c“z)‘c”a 50°C 55 (90 min) 24 (80 min)
aNe 7 H 8
W (CH,),OTBDPS \
4t . m"c“ﬂmsops 50°C 65 (60 min) -
N H 10
1y (CH,);CO,Et \
st Of,}“cmcoza 50°C 64 (60 min) -
=N, 1 H 12
H ~ (CH;),J]I-BOC N Boc
6 i Ts m‘°“2’4“\ 50°C 69 (30 min) 23 (14)’ (60 min)
L 13 Ts
=N, H 14
H
P L/_\L
7
74 N7 Ph reflux 74 (6 h) 70 (3)f(1 60 min)
15 H 16
Ny
s Fa X
gd EtO,C™7 N7 (CH2)12CHs reflux 61 (14h) -
EtO,C N3Phi7 H 18
Z I\
9? /( pn/@*r« reflux 57 (82)° (50 min) 65 (31)' (80 min)
ph7 N, 19 H 20

aPpPtCl, (5 mol %) and 2,6-diert-butyl-4-methylpyridine (20 mol %) in 0.1 M substrate concentration in eth&iCL (15 mol %) and 2,6-dtert-
butyl-4-methylpyridine (60 mol %) in 0.1 M substrate concentration in eth&ftiCl (5 mol %) and 2,6-dtert-butyl-4-methylpyridine (20 mol %) in 0.03
M substrate concentration in ethan®PtCly (15 mol %) and 2,6-dtert-butyl-4-methylpyridine (60 mol %) in 0.01 M substrate concentration in ethanol.
e The number in parentheses was the yield of the reaction in 1,2-dichloroetfidreenumber in parentheses was the yield of the recovered starting material.
9 For all entries, both substrate and base were added after stirring the solution pinR¢@lanol fo 1 h at 50°C.
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structure of the substrate, in order to obtain maximum of the acyclic starting materials. However, diluting the
chemical yield. Namely, the substrate bearing the phenyl- reaction conditions proved effective for such substrates. In
ethynyl group is the most reactive and just 5 mol % of PtCl these cases, 0.01 M proved to be the best concentration for
and 20 mol % of 2,6-dtert-butyl-4-methylpyridine are  the substrate, and the corresponding pyrré&sl8, and20
enough to afford the product in good yield (Table 3, entry were afforded in reasonable yields (Table 3, entries 7, 8,
1). Substrates with an alkyl group substituted on the alkyne and 9).

terminal (Table 3, entry 3), as well as compounds with silyl  |mportantly, these reaction conditions can be carried out
ether (Table 3, entry 4), hydroxyl (Table 3, entry 2), and ynder aerobic condition for phenyl-substituted pyrrole syn-
ethoxycarbonyl groups (Table 3, entry 5), gave the corre- theses (Table 3, entries 1, 7, and 9). For theses substrates,
sponding pyrrole rings in reasonable yields under standardthe solvent (ethanol) also can be used without any purifica-
reaction conditions (15 mol % of PtCand 60 mol % of  tion. However, decomposition of the pyrroles during the
2,6-ditert-butyl-4-methylpyridine, 0.1 M solution of the reactions for the other substrates was observed (Table 3,
azide in ethanol). The amino group in the substrate must beentries 3 and 6).

protected in order to obstruct complexation between the One possibility for the mechanism of this cyclization
amino group and Pt@lIn our caseN-Boc tosylamide was reaction may be the same as that proposed by Toste.
used as the protecting group; however, partial elimination However, we observed that the azide group was completely
of the Boc group in the product was observed under standardyeomposed under the cyclization reaction conditiéns.
reaction conditions. This side reaction was avoided by 1y, ;5 ‘another pathway cannot be ruled out. Clarification of
diluting the reaction mixture from 0.1 to 0.03 M solution the mechanism, further improvement of the conditions, and
(Table 3, entry 6). applications to the synthesis of biologically active pyrrole-

It is known that terminal alkynes react with organic azides containing compounds are currently underway in our labora-
to produce triazole compounds.In our reactions, we ory

observed low yields of the products under standard reaction
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