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A new route to form Cg,—N bonds has been developed via addition of in situ generated lithium acetylides to sterically hindered
diazodicarboxylates. The reaction provides straightforward access to a previously unexplored ynehydrazide class of stable N-linked alkynes
directly from commercially available precursors. Preliminary results show that alkynyl hydrazides are useful reagents for the selective installation
of nitrogen functional groups and as precursors to pharmaceutically relevant heterocycles using metal catalyzed cycloadditions and

condensations.

Over the past decade, N-functionalized ynamide alkyne
derivatives (Figure 1) have received considerable attention as
useful building blocks in organic chemistry, enabling selective
introduction of nitrogen functional groups in complex sys-
tems.' Important features of these reagents include stability,
ease of preparation,” * and predictable reaction regioselec-
tivity due to the polarization of the alkyne bond. As a result,
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Figure 1. Amide and hydrazide N-linked alkynes.

these amide-linked alkynes have been widely investigated in a
variety of reactions demonstrating value as privileged pre-
cursors for the synthesis of highly functionalized molecules
and biologically interesting heterocycle scaffolds,'* including
the total syntheses of natural products.®
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Our interest in this area was driven by previous studies
on enamide’ and heterocycle synthesis in our laboratory,®
and a desire to develop approaches using both C—N bond
couplings and metal catalyzed heterocycle synthesis for the
construction of novel polyheterocyclic core structures. The
ynehydrazide functional group attracted our interest since,
despite the utility and popularity of ynamides, the related
dinitrogen ynehydrazine or ynehydrazide alkynes are vir-
tually unknown. The overall significance of hydrazine and
hydrazide functional groups in drug discovery research,’
the frequent use of hydrazine derivatives'® and alkynes'' as
precursors to heterocycles, and the application of N—N
bond cleavage to access amines/amides'? suggested that
ynehydrazides could serve as intriguing reagents for or-
ganic synthesis.

Despite their potential value as functionalized hydrazine
and heterocycle precursors, and as masked ynamides, a
general approach to ynehydrazide synthesis is not known.
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There are a few reports on the synthesis of trimethyl
substituted ynehydrazines,"® but these examples are not
amenable to providing differentially substituted hydrazine
derived functional groups (e.g., dinitrogen containing
heterocycles), and there exists only one example of an
ynehydrazide.'* We now report the development of
a general route to ynehydrazides and provide an
exploration of their chemistry, including their utility
for the selective synthesis of heterocyclic structures by
exploiting both alkyne and hydrazide functional groups
in ring-forming reactions. These studies demonstrate
that ynehydrazides are complementary reagents to
ynamides.

Based on the success of copper-promoted C,,—N cross-
coupling approaches to generate ynamides,” a similar strat-
egy was initially envisaged for ynehydrazide synthesis via
coupling of a suitably triprotected hydrazide with alkynyl
bromides (Scheme 1). Hydrazide 1 was chosen as a model
substrate since it could be readily generated from phthalic
anhydride in gram-scale quantities;'> however, under typical
copper-catalyzed or mediated ynamide synthesis condi-
tions, low yields of the desired ynehydrazides 2 were
observed (Scheme 1).

Scheme 1. A Copper-Promoted Hydrazide C,,—N Cross-
Coupling Approach to Ynehydrazides

(9}

R1
o
/
N-NH_ Bre=RT N-N
Boc Conditions Boc
1 © 2 0

Conditions A: CuSO,4 (20 mol %), 1,10-phenanthroline (40 mol %),
K3sPOj4 (2.0 equiv), toluene, 120 °C, 24 h
R'= n-Hexyl, 12%; R'= Ph, 28%
Conditions B:Cul (1.1 equiv), KHMDS (1.1 equiv), pyridine, rt, 24 h
R'= n-Hexyl, 0%

An alternative approach was therefore considered
through which formation of the C,,—N bond could be
achieved via addition of terminal acetylide nucleophiles to
readily available diazodicarboxylates (Scheme 2). Despite
the known examples of organometallic addition to these
electrophilic nitrogen sources,'® reaction of alkynyl nu-
cleophiles across the N=N bond of these species has not
been reported as a strategy to generate Cy,—N bonds. Such
an approach is a potentially attractive one given its gen-
erality, the availability of the reagents, and the stabilizing

(14) Denonne, F.; Seiler, P.; Diederich, F. Helv. Chim. Acta 2003, 86,
3096-3117.

(15) Brosse, N.; Pinto, M.-F.; Jamart-Gregoire, B. Eur. J. Org. Chem.
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Maeorg, U. Org. Lett. 2006, 8, 43-45. (b) Uemura, T.; Chatami, N.
J. Org. Chem. 2005, 70, 8631-8634. (c) Beveridge, R. E.; Fernando, D.;
Gerstenberger, B. S. Tetrahedron Lett. 2010, 51, 5005-5008. (d) Demers,
J. P.; Klaubert, D. H. Tetrahedron Lett. 1987, 28, 4933-4934. (e)
Gerstenberger, B. S.; Rauckhorst, M. R.; Starr, J. T. Org. Lett. 2009,
11,2097-2100. (f) Velarde-Ortiz, R.; Guijarro, A.; Rieke, R. D. Tetra-
hedron Lett. 1998, 39, 9157-9160. (g) Macklin, T. K.; Snieckus, V. Org.
Lett. 2005, 7, 2519-2522.
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Scheme 2. A Direct Formation of Ynehydrazide Cy,—N Bonds
via Lithium Acetylide Addition to Diazodicarboxylates

JCOOR' ) COOR!
TMS——H + h‘ n-BuLi(1.2equiv) TMS———N
- \
| THF HN-COOR!
R'00C 78°Ctort 3a: R'= j-Pr, 41%

3b: R'= t-Bu, 80%

effects of the electron-withdrawing carbamate group on
the product ynehydrazides.

Initial results toward generating ynehydrazides using
in situ generated lithium acetylides with the commercially
available diethyl azodicarboxylate (DEAD) and dibenzyl
azodicarboxylate (DBnAD) resulted in complex reaction
mixtures and generated only trace amounts of ynehydra-
zide products. In these cases, acetylide addition to the
carbamate functional group instead of across the desired
N=N bond was observed as a major side product.

To avoid competitive addition to the carbamate more
sterically hindered diazodicarboxylate esters were employed.
Reaction of diisopropyl azodicarboxylate (DIAD) with TM S-
acetylide led to the isolation of ynehydrazide 3a in moderate

Table 1. Lithium Acetylide Addition to DBAD

, N~ B n-Buli (1.2 equiv) , Boc
R!——H + 1 —_— R'——N
_N THF ;
Boc 78°Ctort 4 HN-Boc
isolated
entry product yield
1 < )—=—Ngo 4a 65%
NHBoc

2 Me—@%N\BOC 4b 64%
NHBoc
3 P~ >——: NBac 4c 2%

NHBoc
=—NBoc b o
4 NHBoc 4" 29%
Br
Vi N
5 »—=—NBoc 4e 30%
— NHBoc
S _
6 _)—=NBec 4 55%
NHBoc
n-Hexyl—— N\Boc
7 NHBoc 4g 75%
8 =NBoc 4h  75%
NHBoc
Ph
9 \—==—NBoc 4 53%
NHBoc
TBSO
10 =—NBoc 4j 65%
NHBoc

1 < »—==—NBoc a 87%
NHBoc

“n-BuLi (1.2 mmol) was added to alkyne (1.0 mmol) in THF (5 mL)
at —78 °C under N,, followed by addition of DBAD (1.5 mmol)
dissolved in THF (3 mL) and allowed to warm to rt over 30 min.
b1.2 equiv. LDA used instead of n-BuLi.
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yield (Scheme 2); however, use of the more sterically hindered
precursor di-fert-butylazodicarboxylate (DBAD) led to the
formation of ynehydrazide 3b in high yield (Scheme 2).!”

This protocol was found to be quite general, and a wide
range of alkynes were found to undergo addition to DBAD
via the corresponding lithiated intermediates. The reaction
scope includes formation of aryl, heteroaryl, alkyl, benzyl,
and alkenyl substituted DBAD derived ynehydrazides 4
(Table 1). Isolated yields of these compounds are generally
good except for those containing electron-withdrawing
groups such as compounds 4c—e. In these cases, the use of
other metal acetylides did not improve reaction yields,'®
potentially due to their inherently decreased nucleophilicity.

Also, commercially available terminal organometallic
acetylides did not yield the desired terminal ynehydrazides
using the above protocol. Similarly, ethyl propiolate was
not compatible with the metalation conditions. To over-
come these drawbacks, rapid TBAF mediated silyl group
deprotection of the TMS-protected ynehydrazides 3 pro-
vided a convenient route to terminal ynehydrazides S in
good yields (Scheme 3)."” Thus these products could then
be used as precursors to prepare other functionalized
ynehydrazides such as the ester 6, which was not directly
accessible through the lithium acetylide addition to diazo-
dicarboxylates.

Scheme 3. Synthesis of Terminal and Carbonyl Substituted
Ynehydrazides

Ms_— N,COOR 1-Bu,NF (1.0 M) - N,COOR
— T'N-COOR THF — T\N~COOR
3 H -15°C, 15 min H
5a: R= t-Bu, 76%
5b: R= i-Pr, 56%
Boc O ,Boc
H—N (i) KHMDS, Boc,0 (63%) _ = N

sa NHBoc (i) LDA, EtOCOCI (47%)  EtO 6  N(Bock

Ynehydrazides 3—6 were observed to be generally quite
stable to silica gel chromatography and storage.'® Since
ynehydrazides are an almost unexplored compound class, a
study of their properties and synthetic utility was next under-
taken, with a focus on using the alkyne and hydrazide
functional groups for the formation of heterocycles of
potential medicinal relevance using metal catalyzed trans-
formations. The terminal ynehydrazides 5 underwent rt regio-
selective Cu-catalyzed “click-type” [3 + 2] cycloadditions

(17) 3b could be obtained in similar yield on a 3 mmol scale; however,
an initial attempt to conduct the reaction on a larger scale led to a lower
yield of 3b. Batch preparation of 3b (2 x 3 mmol scale) was used for the
synthesis of terminal ynehydrazide 5a (see Supporting Information).

(18) Transmetalation of the lithium acetylide to copper (Cul) or zinc
(ZnCl,) before DBAD addition did not lead to a productive reaction.
Transmetalation to cerium (CeCl;) generated product butin 10% lower
yield than the Li-acetylide. Use of KHMDS in place of n-BuLi did not
lead to a productive reaction.

(19) The products could be stored on the bench for multiple weeks to
months without significant decomposition as monitored by TLC and 'H
NMR analysis, with the only exceptions being 4e and 4i which decom-
posed on the bench after 2 days. In these cases, however, freezer storage
(—10 °C) enhanced their life span to multiple weeks.

Org. Lett,, Vol. 14, No. 2, 2012



Scheme 4. Synthesis of Hydrazide Functionalized Heterocycles
from Terminal Ynehydrazides

_N COOR
Cu(OACc), (10 mol %) l:l = N,
5 + Bn—N Na-ascorbate (20 mol %) N / \N,COOR
3 +BuOH:H,0 (1:2) Bn’ H
i, 18 h 7a: R=-Bu, 68%
7b: R= i-Pr, 73%
HO. Cu(SO4) (10 mol %)
°N Na-ascorbate (10 mol %) N-C, JBoc
5a + /lk K2CO3 (2.2 equiv) )l\/)_N‘
Ph™ “Cl  +BUOH:H,0 (1:2) Ph , HN-Boc
it, 18 h 8 (60%)

Pd(OAc), (5 mol %)

| PPh; (20 mol %) Boc
Sa . ©j n-BugNOAc (3.0 equiv) mN
—_—— Ky
NHMe DMF,65°C N HN-Boc
1

8h 9 (35%) Me

with 1,3-dipoles such as azides or nitrile oxides, enabling
selective hydrazide incorporation into 1,2,3-triazole (7) and
isoxazole (8) cores, respectively (Scheme 4). The 2-hydrazide
functionalized indole 9 was generated in moderate yield
through Pd-catalyzed Larock-type heterocyclization condi-
tions from 2-iodoaniline. These N-linked heterocycles are
interesting since they would be difficult to prepare under
alternative conditions (e.g., cross-coupling of hydrazides or
a nitration/reduction/diazotization sequence) and represent
previously unexplored heterocyclic cores. In addition, internal
ynehydrazides were found to undergo regioselective rt Ru-
catalyzed azide/alkyne cycloaddition® to yield highly substi-
tuted hydrazide functionalized 1,2,3-triazoles 10 (Scheme 5).

Scheme 5. Formation of Hydrazide Functionalized 1,2,3-Tria-
zoles from Internal Ynehydrazides

Me
Boc cor Bn—N3 (1.4 equivg N"N/
tol—=——N p*RuCI(COD) (2 mol %) N
4b ‘NHBoc toluene, rt, 30 min B N—NHBoc
Boc 10a (52%)
Br.
C
Q%N' Cp*RuCI{COD) {2 mol %,
4d NHBoc

Bo Bn—Nj3 (1.4 equiv)

N"N
toluene, rt, 18 h N l

Br B N-NHBoc
Boc 10b (56%)

In agreement with Fokin’s observations of Ru-catalyzed 1,3-
dipolar cycloadditions of this type, a complete regioselectivity
switch is observed, providing exclusively the isomers shown.

Significantly, these DBAD derived hydrazide function-
alized heterocycles can be readily deprotected and applied

(20) Boren, B. C.; Naravan, S.; Rasmussen, L. K.; Zhang, L.; Zhao,
H.; Lin, Z.; Jia, G.; Fokin, V. V. J. Am. Chem. Soc. 2008, 130, 8923~
8930.
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Scheme 6. One-Pot N-Heterocycle Functionalized Pyrazole and
Triazole Synthesis from Ynehydrazide Derived Heterocycles

Me
/lol\/l?\ n=N >j
4 N HCl/dioxane =
7a + \ N, D
Me Me “MeoH, 80 °C /Nf N
15 min Bn 11 (51%) Me
o O Me
4 N HCl/dioxane o)
g+  J U, _4NHOUdioxane <
Ph Me ~Nieon, 0 C )L/)—N\N/
15 min PH 12° (84%) Ph
Me
i N
10a + )J\ 4 N HCl/dioxane N* p
—_—_ \
H NH, 120°C, 12 h N 13 (54%)
Bi  N—
Ny

“Combined yield of both pyrazole regioisomers; 3:1 in favor of the
one shown.

toward our original goal of exploiting both alkyne and
hydrazine functional groups in orthogonal ring-forming
reactions. For example, N,N'-di-Boc hydrazide functional-
ized heterocycles such as 7a and 8 were rapidly transformed
into N-triazole and N-isoxazole functionalized pyrazoles 11
and 12 via simple addition of 1,3-dicarbonyls and anhy-
drous HCI (Scheme 6).'° In a related fashion, 1,2,3-
triazole 10a was directly converted in one pot to an unusual
N-1,2,3-triazole functionalized 1,2.4-triazole 13 via treat-
ment with formamide and anhydrous HCI. Overall, these
heterocycle targets would be difficult to disconnect via
alternative chemistry and demonstrate the significant prom-
ise of ynehydrazides for use in heterocycle synthesis.

In summary, a previously unexplored class of ynehydra-
zide heteroatom-linked alkyne reagents are demonstrated
to be stable, storable compounds which can be prepared
conveniently from commercially available alkynes and
diazodicarboxylates. Preliminary results demonstrate that
these compounds are useful reagents to selectively install
hydrazine units and convert them into medicinally impor-
tant heterocycles such as pyrazoles and 1,2,4-triazoles.
Further work on the reactivity of these interesting frag-
ments, including their use as masked ynamides, is ongoing
and will be reported in due course.
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