FR R : 10384 BR5 BR

= 5 1 20520131151584 UDC
Tl 4
B AT
W+ % L ® X

N-7A Wit B 75 B Bt i 5 S I B ESTE S B Bk Bk
b EEME —BaAn 4-BEEEER E-1,3.8- = F K92
[4.5] -6,9-%& K {TERI R

.l-

Synthese of Phosphonoisoquinolinediones and
1,3,8-Trioxo-2-azaspiro[4.5]deca-6,9-dien-4-yl)methyl)phospho
nates via Cycloaddition between Hydrogen Phosphonates and
N-Acryloylaroylamides

xE
WERITRL: REF K B
B R a#RKR
+ ¥ & MHF: A M R F
HXRXBA: 2016 F A
WX EFHEE: 2016 F A
FEXTFAHM: 2016 F A
EMEREERE
¥R A

2016 &£ 5 H



Synthese of Phosphonoisoquinolinediones and
1,3,8-Trioxo-2-azaspiro[4.5]deca-6,9-dien-4-yl)methyl)phosp
honates via Cycloaddition between Hydrogen Phosphonates

and N-Acryloylaroylamides

Dissertation Submitted to Xiamen University
in partial fulfillment of the requirement
for the degree of
Master of Natural Science
By
Ju Wu

(Organic Chemistry)

Dissertation Supervisor: Prof. Yu-Fen Zhao

Associate Prof. Guo Tang
Department of Chemistry, Xiamen University
May, 2016



BIIXFEFAMRIFRIEFRA

AN EAZW AL SR AR NAE T 45 T8 0L 58 1% BT FE 1k
o RANEREGEH S HAMAN NBEEAR D2 R RR . 1
FESCH P = 5 SRR B, IFARF SR a A (TR A
ARFESFE GRAT)D-

T, AR ( ) R (4L WIBTTERRR, 31T
( ) Bl () @R = MR, £ ¢ ) KRR

. CEAELLESES A IRS RS BRI D0 57 N BSEIe =4 PR, RAT
BRI A A, w] LAERF A D

FIHAN (4.
2016 5 H H



BiIIXRFEZALICEIERE R A

ARNGER TR T TRSH AR AFH A SCie . JZITTK
FATALLR B T v [ 5K 328 B T) B S MG AZ 18 ST 1 4% 5T RURI FE
T, AR AL SCH T AR RUR B B B S O F VR IR SN A
REERIERE T, ARG SO0 S A 250 N B PEEAT R 2R
AT AL 0 SRR UM LV 4 AR o DR 1) 22 18 S i Jo 3
FIARE o

AR SR T

1. &% ¢ O, 1E i J 8 AR AL S

2. ARE C D)

G E A EAR RS 5 YT

(ST E H 3. # H H
FIMEEA: H 3. # H H



i

mE

AR B E A LA B AR R h RS 2 R ERIER, H
HH BTN A R AL A ) — BLAE 2GR RI A A 5 2 R R, AR H AT DG
B RTTEEA A R Ik, o B R AR A 2 IR0 -2 A S B —
BRI, WG BB RGN EE T VEZ — o AR ) 2N
AU

Sy BB R B AT A RS G KR T i Cu(OTH2 5 TBHP
TR RIBE B HIHEE S N- A R 55 B e R AT A 0 BN RS- P0G SOz, AT 57 s e e
A R AT A IR B B o 2V SRS AR R, R TR SR, TR S AL
PERENE, IS T —HRE SE O P-C(sp®) AL ST eI i 2 1 AR A
#, N RI KM B AT AR & R T 75

B BEBEEEURA 8- AR-IR[4.5]-6,9- % IR RIMMAINIE L K
& 7 H Cu(OTh)2 5 TBHP 5 A& BB H HAE 0T N-Jt 2 -N- PR A P9 25 50 Al 22 8 FHY B e
RIS VIR0 - 757 R A SONE - 288 IRERTE 1 FE B 36 58 O il R 2R
FA G A D TR B 5 A A JSORE - DT v 28 RS L PR B AL MR A 540 0 1
DT RLAAT AN, 7, X SRR 3 R AL

H=HR0r: P-S-Csp? MM E: KB T Cu(OTH: EALEVBERRER . FJ5TA
RRE=H AL G SRR IR BT 75 . 2RI AR T, R T4
GErER, SRR, 8 T A RN SR I BUBRAL A, TR AL T
— RN SRR 1) & T
JHRIA . WEE I, ek N, -G, W5 MMk, BRIAMGEY, P-SHE,

SRR MR s



Abstract

Abstract

Organophosphorus compounds have broad applications in the fields of organic
synthesis, pharmaceuticals and agrochemicals. Heterocyclic phosphonates are
ubiquitous and exhibit interesting biological activities and potential pharmaceutical
applications. However, relevant synthetic methods are limited. Reactions involving
organophosphorus radicals have a long history, and they are useful reactive species in
synthetic organic chemistry, which provide an efficient approach to prepare a series of
heterocyclic phosphonate compounds.

In this paper, we developed a facile catalytic method for the preparation of
phosphonoisoquinolinediones ~ via  phosphonation—cyclization =~ of  various
methacryloylbenzamides with P(O)H compounds. This method provides a rapid
access to a broad spectrum of phosphonoisoquinolinediones in moderate to good
yields. Moreover, the use of inexpensive Cu(Il) catalyst, using readily-prepared
methacryloylbenzamides and P(O)H compounds mean that this facile protocol will be
attractive for academia and industry.

Spirocyclic compounds are an important class of heterocycles widely found in
many bioactive compounds and functional molecules. They also serve as versatile
synthons in organic synthesis. We have developed a highly efficient protocol for the
preparation of  various  1,3,8-trioxo-2-azaspiro[4.5]deca-6,9-dien-4-yl)methyl)
phosphonates by copper-catalyzed cascade difunctionalization of alkenes involving
phosphonation of N-methacryloyl-N-alkyl-p-nitrobenzamide, 5-exo cyclization and
dearomatization. A series of spirocyclic compounds containing P-substituents could
be obtained for the first time in excellent yields catalyzed by the cheap copper salt.

We also developed a straightforward and practical approach for the construction of
P-S-Csp3 bond from alcohols, sulfur and H-phosphonates under the catalysis of lewis
acid Cu(OTf).. It proceeds with moderate yields and provides an attractive approach

for the construction of valuable S-benzyl phosphorothioates using a one-step strategy.

Keywords: Phosphorus-centred radicals ; Isoquinolinediones; Cycloaddition;
Dearomatization; Spirocyclic compounds; P-S bond construction; SBenzyl

phosphorothioates.
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Ciine) FEE X HCE X
Ar Aryl 55
BHT 2,6-Di-tert-butyl-4-methylphenol TORUT R -4-F IRy
Cat Catalyst AL
DCM Dichloromethane E
DCE 1, 2-Dichloroethane 1,2 & ok
DME 1, 2-Dimethoxyethane £ T Tk
DMF N, N-Dimethyl formamide N, N-— F & PR g i
DMSO Dimethyl sulfoxide TR
DTBP Di-tert-butyl peroxide TORCT B A
DMEDA N, N-Dimethylethylenediamine N, N- - HH 2 — %
Phen 1,10-Phenanthroline monohydrate 1, 10-3EMZ bk
Pd,(dba); Tris(dibenzylideneacetone)dipalladium (AR IR 4
TBAI Tetrabutylammonium iodide DU T Bk
TBHP tert-Butyl hydroperoxide AT Hed E AL
Tempo 2,2,6,6-Tetramethylpiperidinooxy 2,2,6,6-V1 H LR IE A A4
t-Bu tert-Butyl T
TLC Thin layer chromatography = i
TMEDA N,N,N',N'-Tetramethylethylenediamine VU H 3 2, j%
THF Tetrahydrofuran RPN
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