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ABSTRACT
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The synthesis of a novel class of phosphorus amidines via a copper-catalyzed multicomponent reaction of sulfonyl azides, alkynes and

iminophosphoranes is described. The protocol is efficient and general.

The amidine functional group is found in many biological
molecule$and is widely used in heterocyclic synthesiEhe

benzamidine variant is often employed as an excellent

guanidine surrogate in medicinal chemisti@onsequently,

three-component domino approach to a novel class of
phosphorus amidines.

Iminophosphoranes have attracted much attention due to
their wide application in organic synthesis since they were

a number of synthetic methods have been developed for thefirst prepared in 1919 by Staudinger and Me§eAs

preparation of amidines. Most of these methods rely on the jsoelectronic compounds of the Wittig reagent, iminophos-
nucleophilic addition of amines or ammonia equivalents to phoranes were proved to have versatile properties and to
nitriles under forcing conditions or to suitably activated undergo a series of interesting chemical reactioRsevi-
carboxylate equivalents, such as imidoyl chlorides, imidoyl- ously, we developed three-component reactions of sulfonyl
benzotriazoles, imidates, and thioimidateshile transition  azides, alkynes and salicaldehydes, 2-acylanilines or aziri-
metal-catalyzed strategies have also been investigated for thelines, which furnished iminocoumarins, 2-imino-1,2-dihy-
synthesis of amidineSWe herein report a copper-catalyzed droquinolines and 5-arylidene-2-imino-3-pyrrolines, respec-
tively.2 The domino process involvesNasulfonyl keteneimine
intermediatein situ generated from the copper-catalyzed
cycloaddition of sulfonyl azide and terminal alky?.We
anticipated that this kind of keteneimine intermediates would
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react with iminophosphoranes through & cycloaddition

to yield 1,2,4-phosphadiazetidirfeé&'or 1,2-phosphazetidines
as intermediate®,which undergo subsequent domino reac-
tions to give some interesting products. In this regard, we
investigated the three-component reaction of sulfonyl azide
(1a, 0.6 mmol), phenylacetylen®4, 0.6 mmol) and imi-
nophosphorane3g, 0.5 mmol) in the presence of Cul (0.1
mmol) and E4N (1 mmol) (Scheme 1). We found that the

Scheme 1
PhSO,N;
1a {
+ PhCH=C=NSO,Ph
Ph—— Cul, Et3N .
2a CH,Cly, 1t
+ 8h PhN:PPh3
PhN=PPh;
3a NSO,Ph
Ph ) ,
= PhHN Figure 1. X-ray analysis of4a.
PPh
4a, 93%
With the results in hand, we next explored the protocol
with a variety of sulfonyl azided, alkynes2 and imino-
reaction afforded a phosphorus-containing amidia@é 93% phosphorane.61! As shown in Table 1, the one-pot three-
yield. component reaction afforded the amidine-stabilized phos-

The structure of4a was unambiguously confirmed by phorus ylides in moderate to excellent yields (65%-95%).
X-ray analysis (Figure 1), which is in accordance wikh The aromatic iminophosphoranes (Table 1, entrieslland
NMR, 3C NMR, 3P NMR, and HRMS spectra. 13) gave higher yields than the olefinic substances (Table

Table 1. Three-Component Reaction of Sulfonyl Azidds, (Alkynes @), and Iminophosphorane8)

Cul ELN NSO,R’
ul, Et
R'SO;N; + R*—== + R:N=PPh; ———————— 3N R?
2 3 CH.Cly, 1t, 8 h
1 PPhy 4
entry R! R’ R’ product yield (%)b
1 C¢Hs (1a) C¢Hs  (2a) C¢Hs  (3a) 4a 93
2 CHs (1a) CeHs (2a) 34-(MeO),CeH;  (3b) 4b 92
3 CHs (1a) 4-MeOCgH, (2b) 4-MeCgH; (3¢) 4c 93
4 CHs (1a) 4-MeOCH, (2b) CeHsCH, (3d) 4d 90
5 CsHs (1a) CO.Et (2¢) CH; (3a) e 91
6 4-MeCeH, (1b)  CiHs (2a) 4-MeCeH, (3¢) 4f 91
7 4-MeCeHy (1b)  COEt (2¢) 4-MeCgHj (3¢) 4g 88
Br
8 4-CIC¢H, (1¢) 4-MeOC¢H, (2b) OO 4h 69
wwann (38)
X
9 4-CIC¢H, (1¢) | _ 4-MeC¢H, (3c¢) 4i 87
10 4NO,CH, (1d)  CeHs (2a) 4-MeCH, (3¢) 4j 78
Br
11 Me (le) C:Hs (2a) OO 4K 92
“wann (30)
CO,Et
12 CHsCH, (1f) CeHs (2a) PR Xy 2 - 41 65
13 CeHsCH, (1) 4-MeCeH, (2¢) 4-MeCgHj (3¢) 4m 95

aReaction conditions: sulfonyl azide (0.6 mmol), alkyne (0.6 mmol), iminophosphorane (0.5 mmol), Cul (0.1 mmgt), GHnL), E&N (1 mmol),
N2, 8 h.P Yields refer to iminophosphoranes.
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1, 12). The reaction of sulfonyl azidee (1.2 equiv), alkyne the hydrolysis and the tautomerization of proddjstare due
2a(1.2 equiv), and iminophosphoraBg (1 equiv) afforded to its unstability.

amidine 4n as a minor product and bisamidi® as a On the basis of these results, we depicted our working
major product (Scheme 2). Probably, the keteneimine inter- hypothesis in Scheme 4. The formation of phosphorus

Scheme 2 Scheme 4
R? Cu
MeSON; _ Cul, Et;N NO soR + =g =
1¢  + 4-BrCgHs;N=PPhy—————"— N* N7TT2 H*  No . N-go.Rr!
ph— 39 CH,Cly, 1t, 8 h 1 2 NS0,
2a A
+l—Cu
H
NMs NMs NMs N2
Ph '/\
4'BrC5H4HN)kW * PhdL!")kﬂ/Ph R®N=PPh; =— R?:%—%Ph H>:':NSOZR1
PPh, 4-BrCgH,  PPhs, s 3 \3'—'?2/3
4n, 13% 40, 51%
mediate generated from methylsulfonyl azide)(is more NHR3 R3, Spph
reactive than the keteneimine from aryl sulfonyl azides, . R2 3H
which leads to the nucleophilic addition of the resulting RIO;SN R'O,SN™ g2
L : : PPhs
product4n to the keteneimine intermediate and the formation 4 c

of bisamidine4o.

The structure of4o was firmly established by X-ray
analysis (see Supporting Information).

We also examined aliphatic alkynes such as 1-hexg2f)e (
and found that the resulting phosphorus ylide was completely
hydrolyzed to aliphatic amidinBa and its tautomebb (3:

1) under the reaction conditions (Scheme 3). We then use

amidines can be rationalized as being initiated by the Cu-
catalyzed cycloaddition reaction of azides and alkynes. The
resulting triazolyl Cu-specieé releases Nto result in a
key intermediate keteneimiri&52-°Iminophosphorana then
ghucleophilically attacks the central carbon atom of ketene-
imine B to form 1,2-phosphazetidine intermedi&eFinally,

I (e ring-opening ofC affords amidines.

In conclusion, we have explored a copper-catalyzed three-

Scheme 3 component reaction, which furnished a novel class of
NTs functionalized amidines from readily available sulfonyl
PhHN azides, alkynes and iminophosphoranes. The procedure is
TsN; PhN=PPh; PPh; efficient and general. Moreover, it is possible that the ylide
1 3a Cul, EtsN 4p group of the products can be further transformed through
= (CH)CH, anhyéjrcéuhs THF NLTS Wittig re_actlon. Our mefchod will find its applications in the
of ' synthesis of heterocyclic compounds.
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