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A new addition reaction of zinc-alkynylides to N-acyl and N-phosphinoyl iminiums is reported. These can be prepared in situ from imines with
acid halides in the presence of a Zn-acetylide. The reaction is general with regard to imine, alkyne, and acid halides, allowing access to a large
number of differentially protected propargylic amines.

Propargylic amines, like the corresponding propargylic terminal alkynes and zinc salts with trialkylamine bases have
alcohols, can serve as high-value added intermediates anded us to the discovery that imines activated in situ with a

building blocks for organic synthesig. However, while

range of acid halides serve as reactive electrophiles toward

propargylic alcohols can be conveniently prepared using aaddition by zinc-alkynylides.

variety of synthetic transformatiois® in general, methods

There have been numerous reports on the addition reaction

that provide reliable and convenient access to propargylic of 1-alkynes and imines proceeding via Zn-acetylides,

amines are far fewér? Recently, wé and other¥ have

generated from terminal acetylenes under the novel condi-

reported the addition reaction of terminal alkynes to imines tions we reported (Zn(OT{) RN, 23 °C). In general, these

catalytic in transition metal. Our continuing interest in the
chemistry of zinc-alkynylidéd prepared directly from
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reports tend to include a rather limited number of imine and Zn(OTf),NEtg

. - . — - — 0
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Mechanistic observations suggest that the species gener- PhaP(O)CI

ated under the conditions we have described give rise to
organozinc reagents that are unique, displaying quite differents), and propargyl trimethylsilane (entry 6). Isoquinoline
characteristics relative to the more traditional dialkyl or (entry 12) can be utilized in the addition reaction.
dialkynylzinc reagents previously documented. We have been As indicated in Table 1, a number of acyl halides were
interested in exploring the reactivity and behavior of these examined as activating agents from which acetyl chloride,
systems with a wide range of electrophiles. Prospecting acetyl bromide, benzoyl chloride, and trichloroacetyl chloride
studies in our group revealed that zinc-alkynylides prepared were particularly useful. The product propargyl amides were
from terminal alkynes, Zn(OT§) and triethylamine do not  obtained in high yields for any combination of the three
undergo addition to simple unactivated imines under a variety components in the reaction.
of conditions. However, in the presence of Lewis acid We proceeded to address the question of whether other
promoters such as BfOEb, imine additions could be  activating agents could be employed for the activation of
observed, albeit long reaction times (days) were necessaryjmines, allowing access to differentially protected propargylic
and, depending on the imine, extensive decomposition of amines. A protecting group that is often used in imine
the aldimine was observed. addition reactions is the diphenylphosphinoyl moi€tyhis

In further investigations, we noted that the reaction of masking group has an important advantage, as it is con-
imines with acyl halides leads to the formation of a putative veniently cleaved from the product amides with Brgnsted
acyl iminium, which undergoes additions by zinc-alkynylides acids!® Because phosphinoyl chlorides are more tame as
in good yields ovel h (eq 1)2 In the experiment, when a

solution of the imine and acid chloride (toluene:®) was || NN

added to a solution of Zn-acetylide (terminal acetylene, Zn- tapje 1. zinc-Alkynylide Additions toN-Acyl Iminiums®

(OTf),, EtN, andN,N,N',N'-tetramethylpropylene diamine, _R21) R®COX
TMPDAY) rapid formation of propagyl amide was observed 1.2 eq Zn(OTf) J"J‘\ toluene, 0°C ﬁ\ R2
(eq 1, Table 1). R— 1.32 eq NEt3 -~ R "H 2)n, 1h . R¥ N7

The addition reaction displays broad scope (Table 1): 132eq -32€d4TMPDA -78°C -> rt R1J\
imines derived from aromatic and aliphatic aldehydes furnish foluene, rt, 2h R
adducts in good yields. Aldimines with protecting groups entry R RZ  R3COX RCCH yield (%)

such asN-allyl, N-benzyl, orN-(p-methoxy-phenyl) react
with zinc-alkynylides derived from phenylacetylene, silyl-
acetylenes (entries 1 and 2), alkyl-substituted alkynes such 2 2-Furyl PMP  AcBr Ph———H 73

Ph PMP AcBr TMS———H 70

as 4-phenylbutyne (entry 8), bulky 2,2-dimethylbutyne (entry 3 Ph Allyl  BzCI Ph—=—H 83
4 Ph Allyl AcCl Ph————H 82
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solution of the acetylide in toluene and overall faster, cleaner reactions.
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reagents than their carboxylic acid chloride counterparts, we absence of acid chloride activator, the results strongly suggest
examined the possibility of conducting the reaction using a that imine preferentially reacts with the phosphinoyl chloride
simplified reaction protocol, wherein imine activation (imine to give an activated phosphinoyl iminium that then undergoes
+ phosphinoyl halide) and acetylene metalation (acetylene addition by the acetylide.
+ Zn(Il) + amine base) are effected in one reaction vessel. In an effort to provide some detailed insight into the
Successful implementation of this protocol would require reaction process involving activation by carboxylic acid
differential reactivity, or chemoselective reaction, of the halides, we have carried out sort¢ NMR spectroscopic
phosphinoyl chloride and the Zn-acetylide versus imine.  experiments. When a solution of benzyl-benzylidene-amine
In the experiment, we observed that both aromatic and is treated with benzoyl chloride in toluermk-at room
aliphatic aldimines react with zinc-alkynylides directly in the temperature, formation of a precipitate is observed, which
presence of diphenylphosphinic chloride to give the corre- we believe to be th&l-acyl iminium salt. The monitoring
sponding diphenylphosphinic acid-derived propargyl amides of the reaction byH NMR allowed us to determine that the
(Scheme 1). Given the fact that in control experiments Zn- imine is quantitatively consumed upon addition of the acyl
halide within 1 h asdetermined by the disappearance of the

_ singlet atd 4.52 ppm, corresponding to the benzylic protons.

When the carboxylic acid halide is added directly to a

Scheme 1 . ; . o - -
solution of zinc-alkynylide and imine, no propargylic amide
1.2 eq Zn(OTf), N N Me 0 is f d and d iti w ise that th
132 00 NEts Ph\/Fl\N/\/\M is formed and decomposition ensues. We surmise that the
Ph—— 1 > M Ph © alkynylide adds to the acid chloride to afford the corre-
1.32eq Ph A : .. .
13260, MoNT~"“nme, 2)1:1edPhPOCI - N, spont()jlng fyfnorrlle that then subsequently participates in a
toluene, 1t number of further reactions. .
We have documented a new process for the synthesis of
1.2 eq Zn(OT), 1) N Me on 9 fully differentially protected propargylic amines via a zinc-
1.32 eq NEts Me/\)LH P;/P\N/\/Me alkynylide addition td\-acyl iminiums prepared in situ from
Ph—=—H > > np,)\ aldimines and acid halides. Additionally, we have shown the
HsCCN, rt 2) 1.1 eq Ph,POCI N - . s - ;
1.32eq 49%  Ph feasibility of direct activation by phosphinic chlorides and

alkynylation of an acyl imine without recourse to activation.
The development of asymmetric and catalytic zinc-alkynylide
acetylides were shown to be unreactive toward imines in the addition reactions tdl-acyl imines and iminiums is ongoing
and will be reported in due course.
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