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Method A: Pd(PhCN)oCl, (5 mol%), CH;CN
Method B: AgOTf (5 mol%), CH;CN

Palladium(ll)-catalyzed reaction of-amino (2-alkynylphe-
nyl)methylphosphonate provides a novel and efficient route
to 2,3-disubstituted42-isoindol-1-ylphosphonate via &c
cyclization and [1,5]-H shift; while 2,3-disubstituted-1,2-
dihydroisoquinolin-1-ylphosphonate is afforded througerg-
do-cyclization utilizing silver triflate as catalyst.

Organophosphorus compounds continue to receive wide-
spread attention due to their ubiquity in biological systérms.
Among these, in particula-amino phosphonic acids, their

phosphonate esters, and short peptides incorporating this units
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of phosphatase activifyOn the other hand, recent studies have
indicated that a number of heterocycle analogues containing
phosphorus showed excellent bioactivities. For example, phos-
phacoumarins showed good inhibitory activity against SHP-1.
In light of our interest ina-amino phosphonates and natural
product-like compounds, we required an efficient method to
generatex-amino phosphonate based scaffolds and its focused
library, with a hope of finding more active hits or leads for our
particular biological assaysHerein, we would like to disclose
our preliminary results for the synthesis of 2,3-disubstituted-
2H-isoindol-1-ylphosphonat@ or 2,3-disubstituted-1,2-dihy-
droisoquinolin-1-ylphosphonagfrom a-amino (2-alkynylphe-
nyl)methylphosphonate under metal-tuned conditions (Scheme
1)

It is well-known that the transition metal- or Lewis acid-
catalyzed cyclization of alkynes possessing a nucleophile in
proximity to the triple bond is an important process in organic
synthesis, which can construct various heterocycles in an
efficient and atom-economic way1® Over the past few years,
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have attracted considerable focus since they are excellent2004, 43 pp.

inhibitors of a wide range of proteolytic enzymeln addition,
a-amino phosphonate derivatives have broad application due
to their antibacteridland antifunga& activity, and as inhibitors
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TABLE 1. Screening of the Reaction ofx-Amino (2-alkynylphenyl)methylphosphonate 1a by Different Catalysts

EtO

\ OCH EtO
Eto—p=0 3 v EtQ
Eto-p=C Eto_p=0 OCHj
H [M] (cat.) —
N Solvent =~ NOOCH?’ or N
70 © %
Ph 60-70 °C oh Ph
1a 2a 3a
entry metal catalyst solvent product yield ®bo)

1 AgOTf (5 mol %) CHCN 3a 88

2 Sc(OTfy (5 mol %) CHCN NR

3 In(OTf)3 (5 mol %) CHCN NR

4 FeCk (5 mol %) CHCN NR

5 Dy(OTf)z (5 mol %) CHCN NR

6 Zn(OTf) (5 mol %) CHCN NR

7 Cul (5 mol %) CHCN 3a 14

8 PdCb (5 mol %) CHCN 2a 86

9 Pd(PhCN)CI, (5 mol %) CHCN 2a 92
10 Pd(OAc) (5 mol %) CHCN 2a 82
11 Pd(PP§).Cl, (5 mol %) CHCN 2a 57
12 Pd(PhCN)CI, (5 mol %) EtOH 2a 47
13 Pd(PhCN)CI» (5 mol %) THF 2a 35
14 Pd(PhCN)CI» (5 mol %) DCE 2a 77
15 Pd(PhCN)CI (5 mol %) toluene 2a 62
16 Pd(PhCN)CI2 (5 mol %) DMF 2a complicated
17 Pd(PhCN)CI, (1 mol %) MeCN 2a 55
18 Pd(PhCN)CI> (10 mol %) MeCN 2a 93

a|solated yield based on substrdtae

the intramolecular annulations of amirfeamidest® imines!!
carboxylic acids? alcohols!® and phosphonic acid derivativés
to a triple bond have been extensively investigated by using

at 60-70 °C. To our delight, we observed the formation of a
product in 88% yield (Table 1, entry 1). Structure elucidation
by 1H, 13C, 3P NMR and mass spectroscopy revealed this

transition metal reagents as effective catalysts. In some casescompound to be 1,2-dihydroisoquinolin-1-ylphosphorgten

Lewis acids were also found effective for this kind of trans-

this case, only the six-membered endocyclic 1,2-dihydroiso-

formation> Recently, we have described three-component quinolin-1-ylphosphonate from éndo-dig? cyclization was
reactions of aldehydes, amines, and diethyl phosphite catalyzedyptained, and no five-membered exocyclic products were

by Lewis acid affording the correspondimgamino phospho-
nates in excellent yield$. Prompted by these results, we
envisaged that, in the presence of suitable metal catalyst, th
resultingo-amino phosphonaté could serve as a nucleophile
if a triple bond is available in the molecule. On the basis of
this consideration, we synthesized the key starting matérial
from amine, diethyl phosphite, and 2-alkynyl benzaldehyde,
which could be regarded as a good candidate ofeamino
phosphonate based heterocycle formation.

To test this idea, our studies commenced with the reaction
of lain the presence of silver triflate (5 mol %) in acetonitrile
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detected by TLC monitoring. Further screening of Lewis acids
revealed that Sc(OTH)In(OTf)s, FeCk, Dy(OTf)s, or Zn(OTf),

Qwas ineffective for this transformation and only starting material

lawas recovered (Table 1, entries@). When Cul was utilized
as catalyst in the reaction, a 14% yield of compo®advas
isolated (Table 1, entry 7). Different palladium(ll) catalysts were
also employed in the reaction dfa in acetonitrile (Table 1,
entries 8-11). To our surprise, the observations were in contrast
to those of the cyclization catalyzed by silver(l) or copper(l),
which proceeded by Bxadig cyclization, and produawas
generated in good to excellent yields after 36 h. For instance,
Pd(PhCN)CI; (5 mol %) was proved to be the most efficient
and the corresponding produza was afforded in 92% vyield.
However, there few reports have appeared in the literature
concerning the preparation of phosphonylated isoindoles and
related compounds. The structure oRa was verified by 1D
NMR (*H NMR, 13C NMR, DEPT1353P NMR) and 2D NMR
(H—H COSY, HSQC, HMBC), as well as mass spectroscopy.
Solvent screening of the Pd(PhCR}, catalyzed reaction of
la demonstrated acetonitrile was the best choice of solvent.
Increasing the catalyst amount to 10 mol % gave a similar result
(93% yield, entry 18). However, only a 55% yield of compound
2a was obtained after 48 h when 1 mol % of catalyst was
employed (entry 17). The reaction was retarded when it was
performed at room temperature.

With this promising result in hand, we started to investigate
the scope of this reaction under optimized conditions [Pd-

(17) Dieltiens, N.; Stevens, C. \Drg. Lett.2007, 9, 465 and references
cited therein.
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TABLE 2. AgOTf or Pd(PhCN),Cl, Catalyzed Reaction ofa-Amino (2-alkynylphenyl)methylphosphonate 1 in MeCN

EtQ R o EtQ
Eto-P=0 Eto-p= Eto-p=0
R AgOTf ,  Pd(PhCN)Cl,
N~ (5 mol%) NHR (5 mol%) =
— _— N-R?
g CH4CN . CH4CN =
Method B N Method A R
3 1 2
entry RY/R? method product yield (%)
1 CsHs/4-MeOGH4 (18) A 2a 92
2 CsHs/4-MeGsH4 (1b) A 2b 87
3 CsHs/CeHs (10) A 2¢ 95
4 CeHs/4-FCeHa (1d) A 2d 80
5 CsHs/4-CICeH4 (16) A 2e 97
6 CsHs/3-NO,CgH4 (1f) A 2f 92
7 CeHs/3-CFsCeHa (19) A 29 90
8 n-Bu/4-MeOGH, (1h) A 2h 96
9 n-Bu/4-FGsHa (1)) A 2i 64
10 n-Bu/3-NO,CeHa (1)) A 2j 76
11 CeHs/4-MeOGH. (13) B 3a 88
12 CsHs/CeHs (10) B 3b 55
13 GsHs/4-FCsH4 (1d) B 3c 73
14 n-Bu/4-MeOGH. (1h) B 3d 52 (409
15 n-Bu/CsHs (1K) B 3e 25 (68
16 n-Bu/4-FGsHa (1)) B 3f 60 (36)

a|solated yield based oa-amino (2-alkynylphenyl)methylphosphonate® The yield in parentheses is the recovery of compoiind

(PhCNXCI; (5 mol %), CHCN, 60-70 °C; or AgOTf (5 mol It is well-known that silver(l) salts have mild Lewis acidity
%), CHsCN, 60-70 °C]. The application of this methodology = and have been used as catalysts in organic synthesis. Among
to the synthesis of a variety of 2,3-disubstitutéd-2oindol- these salts, AgOTf is one of the most popular reagents for

1-ylphosphonat@ or 2,3-disubstituted-1,2-dihydroisoquinolin-  inducing transformations, which take advantage of its affinity
1-ylphosphonat®& is summarized in Table 2. Synthetically, all  for halogen and sulfur functional groups, and carboarbon
these cyclization reactions illustrated in Table 2 went to unsaturated bonds rather than oxygen functional grétips.
completion at 68-70 °C within 36 h. In the presence of catalytic ~described by Asa®? o-alkynylaryl aldimine reacted with
amounts of Pd(PhCMEIl,, a-amino (2-alkynylphenyl)meth-  AgOTf leading to isoquinolinium in good yield. The observation
ylphosphonatd with a variety of substituted Rand R groups indicated that, in the presence of silver salt, at the beginning
could be cyclized to form 2,3-disubstitute¢tdsoindol-1- the triple bond coordinated to the silver salt, and subsequently,
ylphosphonate in CH3CN in good to excellent yields. When the nitrogen atom attacked on the triple bond viaréle

R was phenyl, the reaction tolerated a range ®§RuUps with cyclization afforded isoquinolinium intermediate. On the basis
different electronic demands on aromatic rings involving of this result, we conceive that reaction ofamino (2-
electron-donating and electron-withdrawing groups (Table 2, alkynylphenyl)methylphosphonate catalyzed by AQOTf may
entries 7). These reactions were very clean and the desired undergo a similar process, which leads to compo8adia
products were afforded in good yields. For example, when 6-endacyclization (Scheme 2, eq 1). However, in the presence
substratele was employed in the reaction, the corresponding of palladium, 5exocyclization is favorablé® The intermediate
product2ewas obtained in 97% yield (Table 2, entry 5). When then undergoes [1,5]-H shift to afford the more stable compound
R! was n-butyl, better results were generated wheh Has 3a (Scheme 2, eq 2).

electron-donating groups attached to the aromatic ring in the In summary, we have described palladium(ll)- or silver(l)-
palladium(ll)-catalyzed reactions. We also utilized AgQOTf as catalyzed reactions af-amino (2-alkynylphenyl)methylphos-
catalyst in the reaction ofi-amino (2-alkynylphenyl)meth-  phonate, which provides a novel and efficient route to 2,3-
ylphosphonatd. As mentioned above, cyclization of substrate disubstituted-Bl-isoindol-1-ylphosphonate or 2,3-disubstituted-
laprovided the desired produBain 88% yield (Table 2, entry  1,2-dihydroisoquinolin-1-ylphosphonate. Mechanism studies, a
11). Compounddcandld also reacted smoothly under similar  focused library generation, and screening for biological activity
conditions leading to the 2,3-disubstituted-1,2-dihydroisoquino- of these small molecules are under investigation in our labora-
lin-1-ylphosphonat8&b or 3cin 55% and 73% yield, respectively  tory.

(Table 2, entries 12 and 13). However, whehviRas n-butyl,

the reactions could not go to completion and some starting Experiment Section

materials were recovered (Table 2, entries-18). From the

results shown in Tables 1 and 2, the reactions showed very high General Procedure for Method A. a-Amino (2-alkynylphenyl)-
regioselectivity. We reasoned that in the reaction process, it mayMethylphosphonatg (0.25 mmol), PA(PhCNLl; (0.0125 mmol,
presumably involve the formation afcomplex via coordination > MOl %0), and CHCN (1.0 mL) were stirred at 6970 °C under

of the alkynyl moiety ofl to Pd(ll) or Ag(l), thus activating 8 Back T H. mEncvclonedia of R P— _
the. triple bonq for regioselective nucleophilic attack by the Pagueztteél(_:. A.,.Ed..;gor?r?\l/(\:/i?elz/e&lasgns: egﬁif:ﬂt:stg:, Urlgé:rL]iC)CQS;y\r/]E)rltégtsp
amino group in theendo or exo mode. However, factors 4476

affecting the above regioselectivity are not yet very clear. (19) Zeni, R. G.; Larock, R. CChem. Re. 2006 106, 4644.
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SCHEME 2
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nitrogen atmosphere. After completion of the reaction, as indicated (400 MHz, CDC}) ¢ 0.83 (t,J = 7.2 Hz, 3H), 1.26-1.38 (m, 8H),

by TLC, the reaction mixture was quenched with water (10 mL) 1.50 (m, 2H), 2.09 (m, 1H), 2.26 (m, 1H), 3.77 (s, 3H), 4-@187

and extracted with EtOAc (2x 10 mL). The extracts were  (m, 4H), 5.03 (dJ = 18.6 Hz, 1H), 5.93 (s, 1H), 6.79 (d,= 8.0
evaporated in vacuo, followed by purification on silica gel, affording  Hz, 2H), 6.99 (dJ = 8.0 Hz, 2H), 7.05 (tJ = 7.6 Hz, 1H), 7.15

the product 2,3-disubstituted42isoindol-1-ylphosphonat&. Se- (m, 1H), 7.18 (d,J = 8.8 Hz, 2H);13C NMR (100 MHz, CDC})
lected examplediethyl 3-benzyl-2-(4-methoxyphenyl¥-Risoin- 513.8.16.4. 223 302 33.0.55.4. 62.2. 62.6. 65.03. 107.8. 113.9
dol-1-ylphosphonat@a: *H NMR (400 MHz, CDCh) 0 1.16 (L 153195 4 126.0, 127.0, 128.0, 129.7, 133.4, 140.6, 144.7, 156.3:
= 7.0 Hz, 6H), 3.86-3.98 (m, 7H), 4.13 (s, 2 H), 6.846.88 (m, 31p NMR (161 MHz, CDCJ) 6 21.02; MS (ESIm/z 428.30 (M-

4H), 7.03-7.08 (m, 3H), 7.12.7.22 (m, 4H), 7.56 (dd) = 8.3, _
1.0 Hz, 1H), 8.14 (dJ = 8.8 Hz, 1H)23C NMR (100 MHz, CDC) — 1); HRMS calcd for GHaNO,P 429.2069, found 429.2065.

615.9,30.9, 55.2, 61.2, 106.5, 108.9, 113.1, 119.4, 120.4, 121.3, (For details, please see the Supporting Information.)
122.9,124.4,126.0, 128.0,128.1, 129.1, 130.6, 131.4, 132.4, 138.5,

159.6;%'P NMR (161 MHz, CDCJ) 6 10.34.mz 449 (M*); HRMS Acknowledgment. Financial support from the National
calcd for GeHodNO4P 449.1756, found 449.1752. Natural Science Foundation of China (20502004, 20642006)

General Procedure for Method B. A mixture of o-amino (2- . o ;
alkynylphenyl)methylphosphonate (0.5 mmol), AgOTf (0.025 ;‘And .the l.SCI%%CZeRf‘ArOE%Changyfcl:lommllss'orll dOf ihanghal
mmol, 5 mol %), and CBCN (2.0 mL) was stirred at 6670 °C unicipality ( ) is gratefully acknowledged.

under nitrogen atmosphere overnight. After completion of the

reaction as indicated by TLC, the reaction mixture was quenched  Supporting Information Available: General experimental
with water (10 mL) and extracted with EtOAc (2 10 mL). The  information, characterization data, and copiestbaind*3C NMR
extracts were evaporated in vacuo, followed by purification on silica  gpectra of compounds 2, and3. This material is available free
gel, affording the product 2,3-disubstituted-1,2-dihydroisoquinolin-  j¢ ~harge via the Internet at http://pubs.acs.or
1-ylphosphonat&. Selected examptediethyl 3-butyl-2-(4-meth- 9 p-/Ipubs.acs.org.
oxyphenyl)-1,2-dihydroisoquinolin-1-ylphosphonat H NMR JO070716D
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