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Abstract: Phosphorus has attracted much attention as a “regulatory center for life activities”. The
excellent performance of phosphorus compounds and its wide application in many fields have attracted
many scientists to carry out extensive, in-depth and systematic research work on the design, synthesis and
performance of phosphorus compounds.High-end daily, medical and health sciences and life sciences have
achieved fruitful results in theory and application. However, the aspects of atomic economy, industrial
application, environmental friendliness and green industrialization need to be further improved. Based on
recent studies, this paper systematically reviews the Kabachnik-Fields reaction, Atherton-Todd reaction
and other reaction mechanisms for the design and synthesis of phosphorus compounds. Provide an
important reference for constructing new phosphate ester compounds and developing new functions for
such compounds. At the same time, the development trend of phosphorus-containing compounds in
tertiary oil recovery, aerospace and other application fields is prospective.

Key words: phosphine; surfactants; phosphonites; Kabachnik-Fields reaction

W TT 2RI 2 i 1A PN A RT B ) — ol B B e o
R, WA R BRI R+ A
W 2 LR ERABISE A LB LA 15 30
MR, W4 B E AP SR s T A HLE R — A
3B, B — 1AL 2R, DR
WA REZNMAL, AUBHLEY, MRS
Yy B AT B B A IS P2 B Rk X, R

WA A A EBER T AT RZ 8
W, ARk B AR s piRt . b
FUBR L m H AL B = Y R i A 4R 45 15 5
JHZ BRI R UL, A LB AL T
Lo s 3 [ R 2855 4 A S 75 AR 22 1 T s
A AT [ R85 45 T 5B v ) B A A 3
HEmR B AL B Wit — L AT R . E = IRCR

i EE: 2018-06-01; ER HHA: 2018-11-02; DOI: 10.13550/j.jxhg.20180400
TEEEN: FEH (1969—), B, #3%, E-mail: chengyuqiao@tjpu.edu.cn,



52 M

RN, 4 BERALA YBOTa O k irE BEf - 191 -

PN 5 % N LI 7 B B TRE con B SR D T3 )
DEAR e — TR TR 5 2 0 5 5] T 7 7 FE HL ik
BA BAFp e Yimte, HAES LY, 275
PR B S s R R ROt DR LA
PRI S B K BT R AR —,
JH v E BTG A AT ) RE R R R TR B 4 OK
KL, B X oK AR A AR S AT W)
A, i — Bl HA R4 BT RE A K PR K 2R 1k
AHLBL AT, SR i A B A 2 1 A R A
R I — 2 05 fr QORI EE , RIJE AL ey 2%
1o O DT A BE A o A RO . BT =R

AR IR L& W HA RErpoutdk . 3Lk, Biss.
IYECSFTERER 5 A M R R BE , AR SCBON R ST
UTAF K & A HLBEAL & Y07 R B 5 E R AT T &7
&, DI e TARE A TERM SO B A HLBR L 540
TFRA YL E YR R RHE S

1 BB EWHERTTIE

HR A S ZE RN [A] T W R Ak 5 4 1)
£ ET] 48 Atherton-Todd S M. Kabachnik-
Fields JZ 8", Abramov JZ)i!"*!, Michaels Il iz
UL R AR S A Sy A ORI S L 1

1 BRI S YR 5 51
Table 1 Method for preparing phosphoric acid type compound
SN S 38 = SRR A
o} R2 o R O - i e
- - I : Ii_OR* ' I_OR* =414y “—HRiL” &M a-Z AL
Kabachnik-Fields J /i C.,, tH-N + H-P e N _P
abachnik-Fields i rROR . H P\ORS R3 R><RI\OR5 e, 5Tk
Qor ccl  rof m . A
Atherton-Todd i RNH, + H—P{ R “P—N-R GyERAE . TSR A RLYE T
OR? solvent R0
(0]
R R? (0] R [l OR*
fHyI5¢ 52 B >:< + H-p-OR* Cat. j—(P\ORS SN AAR N, RS M R
RN R "oR R! 3
R
R R 0 c R Il_OR*
Michaels il LI 7 y=( +p-p-ORt _Cat N>§<R . WESRIEE
R! R3 OR3 RZ R3 OR
R\ 9 ca.  HO ¢
. 3 . 3 s " - s
Abramov JZ i )=0+H-R-OR =5 o, A—p-OR T W4 R A, e T BT
R OR? R OR?

1.1 Kabachnik-Fields & [

Kabachnik-Fields 2 b & L% . AL &9) (15
SR ) RN B FR IR MK G B a2 55 I 2 TG 1) L
N MR R RE T R N s A, B W &t
M CFREEIRER " B, MEAmTEESSRT, REEAL
G5 — PRI L &8, WK
AW 5 52 B ERARF H-T W RRES ks, KA 2
B it B R AR BERBRERSREE, R
MOIRFEAR, BRI A Y S H- B RR R S B
ORISR TR, SRS SR 2 — o F KA N a2 2
Bimalg, BRI “RIEEBERREE" B (H/KBEE Y SN
MY “WRE” kg, SRAmTETCOC . ROV R
M (1) =4y “—REk” mR— R, A
TS, (2) SOl e R B C A PLE
RS HEAT . TR, 2R BN H T
Kabachnik-Fields 5 i /1, N2 B Schiff il Fll Lewis
U K Mg(ClO,),!" ., B Ab ) I 7E TG
WAL O TERGE BN, B RE . WRER

B =24 “—HvE" Hil4% a-Z MR EE", Wiz T
FRFI AT fa®, fFEsafbFME, N
I 1,

2011 4F, Erika" A& RIE T 18 RIEFI &M F, L
e . 2 5 W R 7 B TR 16 A S LV, e I g
2 (MW) PG R T N-KeR (R ) i)
(1), 7% 95%, [N AT FiR

Q or!
(0] P—n2
X M.W. /TR
R—NH2+2(HCHO)"-+-2H—P—ORl —— > R—N OR!
R2 No solvent \—pZ
| 2
R = —CH,C¢Hs, —CeH,-4-OMe o

R!'=—Me, —Et, —Bu,—Bn

R?=—0Me, —OEt, —OBu, —OBn, —Ph I

2015 4, 2 # T 5 Michael /il i) Kabachnik-
Fields [N 4R R T B RS TCAM MG . Bk
FEAR MBS, RBE R £ T XTI A 555 9 i a4 7
Michael ML, FEAMPE 1,4-I0807 W) ; KI5 I
Qv = i N AN & VAT - RS 7 Y



<192« # @m 1k T FINE CHEMICALS

36 4

Y CI) o T IRBERR CBRATRE T, FEBRTE AR
TSR, RN EAER AR N T fEE R
IR T R B IR B AN 7S R 3k — ke e A i HP(OSiMes), ,
It H N AE TCARAE A AE R 8T 07 o SO 2k an
THR

T’ O\i) OEt | Q ’OEf{ , Q ,OE%{ ,
~ RZCHO
! R'NH, e 1 1
Nops NNeg Nopi

R‘NHZ = R? O/NHz ]Ia b e

) o CHO , furaldehyde, CH,CH,CH,CHO
R?CHO =R CHO

R*=—H, 4- CH; 4-Cl, 4-OCH;, 4-NO,
R*=—H, 4-Cl, 2-Cl, 4-NO,, 4-OCH,

2016 4F, BRI A 4 e AR HE IR A DE A
JE 1, I Kabachnik-Fields 2 W Ih& 8 T 8
PRI ) (2-540-1,2- A WEnk-3-3L ) F L)
iR — Z. gt & % ( BAQPE) . & %cLL 2 BEA N N
JRORE, ARG 2-GErk-3-HEE ; FESESRIRS, &
2-5AAR-1,2- A MR- R s B SR . R
T LR RN B BAQPE(I ), ke T A A i
RO 538 o S B AN s

©/NHCOCH3 CHO RNH; @(r\ OEt
@(Ni[o HPO(OEY),

R = C¢Hs, 2-CH;C¢H,, 3- CH;CGH., 4-CH;CeH,, 3+ CF3C5H4
4-CF;CgH,, 2-NO,CgH,, 4-NO,C¢H,, 4-CH;0CeH,, 2-CICH,,
3-CIC¢H,, 4-BrC¢Hy, 3-BrCeH,, 2-BrCeHy, 2,6-(CH;),CeHs,
3,4-(CH;),CeH,

2017 4F, T B RUSIAEIRE TR B RR — e B
VERS IR 38 3 i /LAY Kabachnik-Fields < W& ¥ a-
FEBREE 071k . E e UM EMEALTR], 4-BOEH
. WBERR — O BR . XTH RN EORE, 4 o-2d g
BEIRER, 7= 84%; RJG VI k=¥, WA .
= Va7 Ny )8 VAL 7/ I - e A A B S R S e
YW (V) o BB, JEYAE R . R
KA a- A IEBERRER AL T = R s B s . RO
BT, HLEIE 1,

L0
HzN . (R'0)P” ORZ
X X 2 N7

=
OR! OR!

RIO-P= o RIO-
oy &
~FN0H

R = p-Br, p-OMe, p-N(CH,),, p-NO,, p-OH, 0-OH
R'=—Et,—Me
R? = p-Me, p-OMe, p-NO,, 0-OMe, 0-Cl, 0-(Me),, —CH,CH,CH,CH,

(EtO)zP
>f> \{ VY—Izo
PhCHO
(EtO)zoP +PhNH,
(EtO)3P
B

P(OEt),

Kl 1 Kabachnik-Fields 2 i AILEH K]

Schematic diagram of Kabachnik-Fields reaction
mechanism

Fig. 1

1.2 Atherton-Todd iz

Atherton-Todd Jz Jij /& DL B iR — o J2E g F1F
JHg B A e A S N IR, A DO S A A AE 25T B
IRE v S A 2 SR IR T 1t R o RN IS I
W e g T I LI, B e H- R TR E o SR
ALRL T P—Cl A ECA B A, SR AR EE
JHe B At 1 ) 1 8 - i P R P—C ’%Efifhéliﬁi
ZA R B A o TN FH B R R A S
FE, E SO A LR G R . ARk, X
TR 34" J 3] 7 B8 R o B i 15 =1 e e 1 55 %) B 1
SN TR AR A I - B BEAL Y 2 B W W2 1k
o RMDEANE 1.

2014 4, EMSPUYE Atherton-Todd S iy 2R |

— PSR THE COL 4 A F X B R S B ot 5 I i

IR, FFA T 2 H RIS s bele b &% . FH
SACtRE R LT, TR S e . A e R okt s
N, AR RRIBMESEEE (V) o RNAKR ST
A CO, S, ST R SR Y e A R 8 98 I ot Tk
(P—O—P) WA, JiAed: i — 2 2 R IR
WEBERR L GW, $em 1T RN ™3 RN AT 2t i
LB ML, B — PR A R [ E CO, I T
FLR LN, AL 2,

o] 0
. R I
o) H 0 0 1
I \NH CO, HN, | R
H—17~.NH + RIRNH ——> LP—0-C—N

O 54 \H
s
(0] (6]

R = —CH(CH,), , —CH(CH;)CH,CH; , —CH,C¢H;
R! =—CH,, —CH,CH;, —CH,CH,CH,;, —CH,CH,CH,CHj,
—CH,CH(CHS),, —~CH,C¢H;

R? = —CH,CH;, —CH,CH,CH;, —CH,CH,CH,CHj,,
— CH,CH(CH),, —CH,C.H;



552 ) PEEHF, 55 BERR

WGP BT 5Tt £ 193 -

o] (o] (0]
H
Ch?n“ G5O, l_fﬁqﬁ“ R?fﬁ% ot

?\mﬂ ccl, (?\HH<W /1 ) /@

co Rw& ﬁmﬁ

R'RZNH—’>
Pathl RZ
w Paﬂﬁ@ /‘ m
3 % 2
: %o
Qs (L b % Q
ﬁﬁ $ﬁ Qi o,

B
& 2  Atherton-Todd v HILIE K
Fig.2 Schematic diagram of Atherton-Todd reaction
mechanism

2015 4F, Wl hERH FEAF 5T T A X E R
U e AT T S PN R S ot 5 B A9 2 Atherton-
Todd S B K HAZRfE2AHLEE, SE— 4 L2 &R
(AR ) . =588, =Ml & R MR
i (SRR ) S b 58, Rt 2AmREA
T Aot R S A A RO, R B T AT IR S AR
(VI) o HDE— R RIS A, FRART
ROV IREE, Mg =28, Jf B985 7 RO I [A],
AT FE RO N e RS R o R BN R BT R

R!
Nee

O 0O

4
R== H
/I,“\HZ _PCL,  HN, I(,) i H_15 NH
coon

R
(6] R 11 K\R 0 N
%N%{PRQ REN—% SRYA I%ETE&{H
R
H

Vla Vb
R =—CH,; , —CH,CH(CHa),
R!=—H, 0-CHO, 0-Me, 0-Ph, 0-NO,, p-C(CHs);, 0-C(CH;)s,
p-OMe, p-CHO, p-NO,, p-C(CH,);-0-C(CH,)s, 0-(Me),

2016 4, fCHEPNE I T FIARSE R0 DY T %6
Wik ( PTC) 1k Atherton-Todd X W I 1. B

Jo] LR . =S AL . = e SOl o XU 2
PR B e B L 2 S — X AR X W S Al A, IF i T

P B AR X B S A A 5 SR T A4 76 440 g 0 e PR S I o
F0 s P9 X A A DU T R eV AR % A AL R Y
24 N #EFT Atherton-Todd M o S BN s

(0] O

—’A K‘

R=

R O N
Yo 3N +R!Cl HN" 14 RI-

H,N-C-C-OH + = P-R'+R! P

0 PCL DMF HN" ) NHy

RI D 0 O '
H R
(0] (0]
R = —CH(CH,),, —CH,Ph, —CH(CH,CH;)CH; Y[, Vb

R! = C¢H;CH,Cl, CH;CsH,-p-CH,Cl, CH;C¢H,-m-CH,Cl, CH,CHCH,Cl

2017 E WangPAE 758 T 1655 R = L AT
T Tl TR R S AL S Y R 4T  Atherton-
Todd JZ 1 & m IR B R TG B A RO % o AR Y
B ORI SAL Y A FORL, FE n-C4FoSO,F i
BY R ni, S HAREY, FEr M, 4 mbi sk
itk i 960 BB AS 3 FH Ok Bl B i A e 5 SRR AL B el -
R IR 1 Sy, WANRE ] FIES H-BE IR g 1% 5l Bl e
R o SN LN FER .

Q@  nCFSOF 2
R-OH + H-P—Ph R-0—P—Ph
Ph Ph
VI

R= —CH2C5H4-p-N02, —CH2C5H4-p-F, —CH2C6H5,
—CH,CH,C¢Hs, —C;H,s, —C1oHa1, —CeHy, —CH,
—C,H;, —C(CHs)s

1.3 BERM

RIS W A LA H- T TR T AR itk ok A 1 0 Ay

NEY, TE&mER M T OIS C—P
%@: BBV BIRN o RNE R, H-EBERR R 5
PEAL R 4 Ei“fifhﬁ/ﬁiéﬁA% RIG & BERLE G
e 43 J@ ] LT BRSO s B bR . A
EK%E@FHE@E.@CE’Jﬁ%ﬁf\ﬁﬂi%ﬁh%*ﬂ
TAEE KT W ELALTFISE: (1) WA
PEEGR A, KPS AME R (2) RFairtE
L, BEgtaibekEEE, IFEAILE RS Tk
Az . OGRS LR 1,

2013 4, FELPE YRARGE T FE A DL B KA
w4 R AL H- W RR e BRI 5 0 MY Oy
FACHI) copper-free Sonogashira S, F£& AL

— RN HNPRAEY) . FTEAPUHAS, LIFRELE
A‘% palladacycle Il fEMEALTT] , D5 B 5 H- W%
MR — S N TR IsORHEA T RO FEKARH, DLk
e AL 5 palladacycle]]/X Phos fEAEFFH,
4-TCR kS — N B H- I BERR IR L [R) TK
PEAT R, B AR 3R 69%. TEK AR BN
PBE AT — SN Ik H-WEBERR R /K i, A = 42
= 3] 95%. ZKARH LI B 25 A5 I oy 4y 3k A R 5 g
AREARTY (X)), B RBREEHB AR T 4277 iAs
A5 H s v B B R Tl b B E . SO 2k
I

[0)
! p-OPr
| xR 9 Catalyst, additives A P\O’Pr
+ —_— >
S H= P})I(’)Pr Base, H,0, reflux, l v
' 16h, N, R X

R =—H, p-CH,, 0-CH,, p-OCH,, 0-NH,, 0-NHAc, m-OCH,,
— CH—CH,, —COOMe
R'=—I,—Br

2014 4, BISPMRI LA HE ., HEEA



<194« # @m 1k T FINE CHEMICALS

36 4

I TR AR 28 SR AR S A il 7 on- 2 A PR T
aYIrs. B, DA ST & Uk N-J7 2

VUSRI s SR, LA N5 2 O 05 s AR T e TR
TR BRRAL A R, B o- 2 TR LA

M (X)), FERIE 78%~87%. (H MW Bk — kit
BEfe fy — 5 e EAL B IR, SR RN FER AR

FEAR . N BE AN iR
. Q FeCl,
N, H_IT_R Solvent No,
R R R
o=R®

R = —OEt, —OMe, —Ph, —C¢H,(4-Me) x R
R!'=—C¢H;, —CsHMe-p, —C¢H,OMe-p, —C¢H,OMe-o,
—CeH,Cl-p, —C¢H,Br-p

2015 4, BIBFMERTHRIE T AR AR A A i £ s gk
JBERR BRI T 12 TG, DA . BRALTR O UKL &5
S RN EIEZ NS B S~ 11 L7 /A = IV B S8 9161 117N R 544174
:Z.‘@Ejﬂ)ﬁ*ﬁr, J{FTT: AgNO3/K25208 MK/%—Ffﬁﬂﬁ/ﬁ
MR A S SUA IR S L, b Al A i 7 88 I T g e ik
BERREE (XT) o Jhy Al sE BB AL A FE R A, AT
WD S 4 TR R T, IR R R PR R S, (R
BT a2 B ROV BRI, ALELIL

& 3.
Rl
'R2 ORS 252 s O
R'=H,5NC

R? = Me, n-Bu, 4-methylbenzyl, 4-fluorobenzyl, 4-chlorobenzyl,
4-bromobenzyl, 4-toly, 4-methoxyphenyl, 4-cyanobenzyl,
2-methylenenaphthalene, benzyl

R?=Me, Et, i-Pr, n-Bu

S,0%;
g Pad NG Ag#+S0F+S0;

SN 19
~> - P-OR
OR

H—li’—OR3 —>

0
H-P-OR* = | 15—0R3
OR OR?

]E)_ORs L 0 0

T o ”

@ . S04 @QLE OR3 SO \ E”_ORT,
N o 2

‘R20R?

SET=single-electron transfer

B3 B S B ]

Fig. 3 Schematic diagram of coupling reaction mechanism

2017 4F, sk =PURIE T H o, - R AR IR 285
Hiéixscﬂ%ﬂ?éﬂéﬁ C—P %, DIERR . Wk
SEER R R, 7R R ST R IR S N
%Jﬁ%%ﬁl%ﬁ%@a@a%’*% (X)) o R
S ARG 7 30T AR N 5 I H 5 #6258
o7 B S 5 M AN K o AH R BR - FL - 2= %5 B Bl TR
AFIF R AT o N B U iR -

COOH
AN AN II

| +H-R~pipy —>

SF OPr

R

\ ~OPr
OPr

R =—H, p-F, p-Cl, p-Cl-m-Cl, p-N(CHs),

1.4 Michaels A0 5K & fZ

Michaels fill i 0 2 LA H-SV B2 iR 55 2 B A
TSI A YN I N R, TERRE AL FIE T &
AR SR B R o R 1,4 HE N R i AR

— AR ISR R LAY (2k) 55—
PR B LAY (AR ) IR o S8
B Z N T RIR =Y R 25 & Ao e i 2 L
Fz 1,

2011 4, Yoshihiro!125 4 H FHA 42 32 1% (A HL
WAL & T 26 A3 DLV ) P I Bl R — 2R 5 A S0
Y& P-Michaels JNA N o LI #EER — 2K 5 55 hig
Wl JEOR, A3 IR (XTI . SEERUESE, FEARR
PR P RE RS B A B (R X A e R v o i AK R
WLEE B X AR e B T O, R 89% I &
95%. H NP KRBz, 595
TRV T T i R M e %) IS g 3497 1 ) %o Wl A 3o 88 4
FCN FEER AN BT
PhO

0
Ph0—1||>I—OPh+ R/\/NOZ Toluene PhO-p=0
i RANNO;
XII
R= 4-Me-CeH,, 4-CI-CgH,, 4-MeO-CgH,, 1-naphthyl, ¢-Bu,

2-naphthyl, 2-thienyl, 2-furyl, ¢-C¢H,;, PhCH,CH,

Catalyst

2014 4%, LiPOSEHE I G R 4 Jm VEAL ], i
AXFFR Michaels MU W 778 5288 C—P ##IE X
MEEAL . DL PR RO 5 [(MesSi),N];Yb(1-Cl)Li(THF);
( PUBCAL B4 TP R e S BE I ) 45 S TR, I
IR — < TR A B Sk Bk, A5 HbRr™=8 ( XIV) .
FFRAE R N IR EFE R 0 °CIF, 7= R LF %A 1
NI O DIVGY. 2 1 SR R A/ =1L ey 1 = 5 B W A
PEFEME N 73%AR B i 38 2 89%, P AR A I 2] 94%.
] AN FIR -

o0 o
R! R?
XV

o}
1
R./\)J\Rz + HOP(OEt), —>

R'=—Ph, 2-MeOC¢Hs,, 4-CIC H,, 4-BrC¢H.,
But  1-naphthyl, 2-thienyl, 2,6-(Me),CsHs,
2-MeCH,, 4-MeCeH,4
R?=-Ph, 2-MeOCH,, 4-CICsH,, 4-MeC4H,,
4-BrC¢H,, 4-FC¢H,

2017 4, K HCVAHEE S AR, &
IR G T BRI, R LA T A I 8 7R



552 ) PEEHF, 55 BERR

WGP BT 5Tt £ 195 -

%%W%TﬁﬁMmem&ﬁﬁ JFWIE7E B 1

m#Tﬁﬁ&ﬁﬁQMﬁ%ﬁmé P (XV)
Fiﬁf&%@%@@ RERL o7 B e 2 B bR =
%%Wﬁ#ﬁ%ﬁm%ym&ﬁ%iﬁﬁ%mmﬂo
RN U, HLELLEE 4,

L3 ZnEt,
+ -
@Egj H- P OEt Toluene

OH HO XV
OH NE R =—Ph, 4-FCH,, 4-CIC4H,,

4-MeOC¢H,, 4-MeCgH,,
3-MeOC¢H,, 3-MeCgH,,
4-BrC¢H,, 3-CIC¢H,

Ph

OH HO
Plé Zn Zn
N oH N 2 equlv ZnEt,
—3 equiv ethane
Ls
)
0 1]

H
EtO—IP +—<— EtO—P~p

t
Ph EtO EtO

o
/
0
* on Ph /Z§ - [en
VY _
OH Ph
Ph
.| _OEt

Ph 0Q PH g Ph Ph OO\ 'P\O Ph

A\ A ~ 7
7] AW r 7] AR 70 ey
N o N N o N

&l 4 Michael Jin a2 v AILEE &

Fig. 4 Schematic diagram of Michael addition reaction
mechanism

BQ
Ph H
o, *R

1.5 Abramov

Abramov IV A2 DA 5% F1 H- 85 R 1 R S5 g
Y, FEAPLER (BT ) FET R
DAY a-FEFEREFR IR () RN . Forp, S B R IR (1) A1
X BT e T O, R R S kLG
W25y X6 S R SR A N R s g, 38 3 Wl R T
Bl ot 5 B A e I A5 Tl A 1) U B B B
B R FR O U T A n(B5) = n(CHLAR)=2 ¢ 1 1,
NS Z AN 15 BRI IR TR ol 26 1 bt 3 4 R iR
MR, Ak, BT RO AL T
W 1,8- R A A b — Wk -7-4% (DBU)PY L J
ot A MUBREH 7 L 750 b 72 A i H bR = o
RTCHEART . T 7 Bl AR A Al B i A
HLIAF ) Abramov [z N I WAH SR E o [ v T
G a-BREE A SE, w1,

2014 4%, Guin!" VR IE T — Pl fb X Bl gk 425 1
Abramov [N . LA 2-ZSHIEE | T 25k = W R H R
I BRI R SN, LA i e IV e A 4R b
F, AT LM EREFIILR a-FRIEBERR TR ( XVI)
PR IR 98%. SLE RS FTAATA, TR IR AN %
RN AT 1 g 5k, I HA R0k T H4
JEAEAL AT BR S . N L

CHO Phe
!
3 2 t. _R!
RS]QI _OR? Ca I:(I) R
4 OR!
R XVI
SO, R'=OMe, OFt, O'Pr, OPh, OBu

Cat.: NH R2 = OMe, OEt, OPr, OPh, OBu

/
OO $O:  Rs = TMSO, TBSO, 2-naph
R4

R*=3,5-(CF;),CsH;

2015 4F, BOEEPTE UORE THES SR o
FEIE IR IR ) 75 S B AR IR AL RO 25, A
TR Y & o-PE AR AL S . AT 2E
RS AR AR SO DL IR, AR SR T RO,
HRIE 86%. ST T P B Y AR A R, TR S
P R SRR IR AL, T fi B A 25 1k ia7m)
ot TR AN L RN SN 5 I — R T A
AAeEY (X)) o RO B A ALl e A it 7 v
M T2 PE e . AR I 2 PR R D BR 2 DR A
ML, I T I SR A R A R (2B BRZRBE

P2, BIFEPIXIAEEA KL ) o RV BEELNT :
R3
0
R‘—P —H+ Ra/\)k —> RI- ”‘<:/<_\
R2 R? R?
R!=n-Bu, Cp R?=n-Buy, Cp o
R® = Ph, 4-MePh, 2-MePh, #-C5H,, XVI

2017 4=, Kolodyazhna[32]§§fT|§i§Tﬁ‘ﬁi?‘@ﬂ?’?
MER R R vk, B, W —HiRS 4-—
CEASER R RNV, 15 1,8- A& A4
[5.4.0] T —f)i ( DBU) fiEfb & 4= Abramov JZ i,
XA () R (R ) -1-350 F FY 35 JRl 1ok 36 6 Y i
(XVI) ; /5, 5 ( 2383 =HMAmemrs
T BRI JE VR E T SR A R L I AR AT A . A R
F14) TP il R O P T o A8 B R Y R
SRAL B IR R DK . AN FR I R C—P 2%
IR A R, VBT

CHO P(O)(OR)z ! :-P(O)(OR),
RO)LPOH__ si0,
DBU

CH(OE), CH(OEt)2 CH(OEt)z
R=Me, Et



<196+ # @m 1k T FINE CHEMICALS

36 4

2 NMAMRHEE

AR, A2 ZATHE VA B S B HLER 1 - FE )
Ko i ARG TAE, RO HE R M b
Gk E, RN EAZME . Bkl aurtE
U BRI T T AR S5 . IHAPERE SR
B, a-BIEWERREE . a-IEBEIRER LK -5 REILIY
ARG EAT AR A BREE . YU . DU &
EYEYE, BB A Y50 T TR N A A R
e, AT ISR 2 0 RV, AN R 25 4 1)
W FE =R R, 3 T IR R 2 1 M 7 KL 4y
FIFLALERE, BBV HORE A A R Y S o R
T K A B LRI, A T o 3 3ok 7 79 K P 37
P M R A Ik, FERARL . BTREIR DL M A Ay
Bl 2R 455 T HAT B KRBT
21 4aRE

YR, — BRI AT AE W E AR .
it 1 2L RCR A00 4 X A= i TG s A L A
— )5 TR 5 DNA Fl RNA Z ] (M 1 R i
A S = RN )R e ok /KNSRI B g o (= S AR
T3 — 7 THIE 5 Tl T ol Tl T 55 % Wl 0 I A i g 1)
ZAFT, WA RE 5T WK 22 5500 20 it P AR 21
HIvFER, SmRIENSLAE S5 T AR
KRR AT T, R ZH0E A7 M 58
T R RIS TR e el A A DU A =L 7 R 52
NG BAE A N AL ) 87, R
SN I 2V 51 B T OB o PSR 1 ol 531 B
FEA B e T L R R R R BRI E PR AR IEERS
Bt =wie (ATP) LABERRIEMAER, BEfRIELY
R FL AR 1R S 0 I 2R | 1 A R sk 2 A R AR L I
TP IR A T A ph R R I R A T K A S e O
TR S AW S 5T ATP e, wh
i AL 7K At 1o 2 mp R %) R oo R B2 A A% 4 — B R
( ADP) FIBERR & 8 ATP, A LS ) LA H4E
FHIE BB | AR FH DL BRI RE e 55 XS
SRR AaES, HAEAR Y8 T kit
R PRI, B2 ST A AR G R S Rk B
AHoEEME L.
22 SwmAk

FMTEEFAE B AL S b EER AL . 4L
W TRAEEN . AR, BEE LT PGE R R,
48 H AL = i BN RE T T H 25 X% 244 75 1938
K, wrm H A= BRTE S T 45 5 TR L 2R 1L A),
i — BRI RAAN S MM E, Sl HE s
20 L RS A T A 0 5 AR R AL EL AT R R 2 B
kv i HACREFE 7 1] . BFFT R, Aol S HA
W 7K 7 it RS N A LB b B 4 2% 3 T 3 1 ) AR

g%, BeRTHENTROK M. A PLEBHE &R RS
50038 H AR R FLAR A 405 F 2 B R AR 2 5 )
PR R G55 N8 e R AR A 1) SR IR D S e &k, X
JRTCATAR A R, &2 PR, SO ATE ik
Medl o P& D RS EE R, [T
A HUBE Ak A 9 25 3 1T PR 7 40 A 9 A0 25 P R I i
P, AU AL, HEAEDZ 2., 5%
) 5 - TR0 3 TG P R B, Tl 3 TR 2 7500 T 400 ]
Bk K 43 1 78 2 8 BV IR AR o 38 3 Wl Ik Ak s
NG B RR TR G THE M A R C MfsE k.,
FEACH Y, BT A 2% e A R C BEIR
ik % Rl ) b D (L BRE , 9 P9 B2 Bk EL G AT A il e 4

Bl NATAE I ARG, 0 D 2 2 R s 21 45
)i R U K= 35X /0 | D o £ G |
MR T EAR L, (HA T 28 e b 4F
Y TN A e g AT i R 7R A Masson
P = 0 e (2 3 V200 o e T A B i 2T 4 Y B
Jte, Hor R R R B R A R, W4
FRVE N T ISR EF 4, WRsmAE I T 4ec . i
WA, fRHFH ARG, DT SR Y
Yty (ST RIEMW,
23 MEME

AR, BB A R P2l B P &, X
i RCR SR EA R T R R, A R AIL ]
R HE RN TR, BRES. B, RERT—
Byl , R v Tl A d o AR AR
PRz, BICHLRIE e AR R PR R AL R 4T
PERE AV Z AT E A A Al LF AR R A
ARG N T R g vk, 38R TV 5 1R
Bo HUTAAMURA R . BORMK . BHREMS . X
Whith A —E 5y, 1 EXF TAEA B S UL shoim
K. BAGEM, HAHGAED R SEHFE TEANR
(R B At R 1T o B A S X R vk e S B KL
B Z 2N IR EDEAL ) —RI5 Y, A HA Gk
FIRLAE B TR RO B AL B R Y & S ik
e, WUEs RSO CHL . TR ST T R AR
THEER, BRI ST ORI R
i R T R I L v ARk A T B MR AR =
B~ AR SRER K . By il B S BE 1 AR
R PRI B SO SE B N, B A2 ) i gt
WMAT RRATEE, mHAM N T EE g
2 OV AESL . 4 A e Tl g i 25 6 1 4% ) )
N T, FRRIREIE AL < =B5" Bk, B .
BiiiG ) MR EK
24 EREH

- FA LB LAY R A A i nigte, 5l
i 15 2 S 2 45U T A FF 58 3 OR824l . WFoT



52 M

RN, 4 BERALA YBOTa O k irE BEf

* 197 -

FANTHISEFORAL AT R 2SR . AW T T 5T,
RIIE— VR R 4 s S AR K A Y .
AU G W S OAT A AT DA e B 40 ) s 5 b
AR mRNA ik, IExF 306 tg Mt 4
PRI PR N FHAY Foscarnet 7 372 95 11 JJH [5] % 356 i
Wk55 2 K E ( CHPZ ) iY77 SLWR25%) . FRw ki i
EAMRIR 2555 . TESRIBER I S, B-
LR & WY p-2 kR s B BT Y
. A . PUR MG ET Y R s 2
TEPE, BOM ATTIESE R #R
2.5 SRR

AREFRS Tk imk” , A B kS K E T
TERRE R BT A&, K™ 5 ) [ K RE IR 48 4 Al 2
SR WMHEIFRKRBUSN 3 BB — IR
AR ZUCRIMBAR M = UCRIME AP, Tk =
UCRIMBEAR P, AR U “MEm e sz 2R
W TAER T2 00, A SR e 3] —F J 2 g 9K
W ATH MR —— B MR B S R MG MR . Ak 2=k ]
ST At T g R/ [P A T Y A v % I S
TR i 150 3 T 0 P 0 B A R4 0 LA RN 2 B S P e
I/ S B e AR R M FLARRE ), RS A
I RR A PR AL . R B BOK L (O/W)
TUZLRIE DA eA 38 ik A T A ) 3 B L L 8 v i %
FE; W TSR BRI PR R LA AR v ) S
S B N (1T P AT ARSI i F - B 78 AP VA
AR, A TAEEN T AR RS A b 2245
W, SR EAR S HA L2 IR AR S &,
FEQER B AR B Bk R HA Bk i 2 i
REIRA Ty A R MR £ A S AF Tk fe . BEIR TR
RGP BA R AP AR e Mook se, mIH
KU PEGRBERL A RKBH Lk 9 K ORE LR 7 P Y
Zip 38

3 H#RIF

LAk, BN HERL S Y0 TE 5 I 407 i
B TRORI AT, AW F 5 B & W) B e SE A,
WFE A T LN T AU, B B O
JZ BRI, U5 AE LR 5 AT
RGARZEITE TAE

(1) 73 RGBT A AR o T8 R AL
ARSRTEE PERI R S5 A SR b, S5 SRS RIFRY
VeI . RS LU S R, T RoR B
R T 2 TR R, ¥ S A T I 2 1A 1P 790 ) o 45
B, IfFAER R H AL B B2 DL R A AT
K e E IR

2) B Wa BOTERIETE . AL S Y&

S R T i 2R MR R AT, TR B AR, — e
FOT, RONLAEGRA, R, fFRRT A
DR RS 20T, (AR A 4% L ik R 5
LA ZOR, kAR ZE, T ISR AR R A ) 1
FERIWETE, W& RITERNSE— L RER, AT
AR S R A

Sk

[11  Huang Xiaoli (¥ I%HN). Study in the synthesis and transformation of
a-carbamate methyl phosphonate and oxaziridine[D]. Zunyi: Zunyi
Medical University G X E24B¢), 2017.

[2] Liu Shuang (XIXX), Li Yuming (Z=% W), Wang Dian (F ), et al.
Research progress of asymmetric synthesis of optically active
P-stereogenic organophosphoryl compounds by chiral induction [J].
Chinese Journal Organic Chemistry (G #L{k2%), 2018, 38: 341-349.

[3] Mahesh R S, Mukunda P K, Dibya S S. et al. Outcome of low dose
cyclophosphamide for induction phase treatment of lupus nephritis, a
single center study[J]. BMC Nephrology, 2016, 17: 104.

[4] Han Guosheng (%i[E If), He Cheng (filiX), Zhao Junfeng (X Z1%),
et al. Synthesis and characterization of phosphoryl derivatives of
dihydroxy anthraquinones[J]. Chinese Journal Organic Chemistry(4
HLfk2E), 2011, 31(11): 1848-1851.

[51  Zheng Yi (%), Yang Yifeng (1% 2:1%), Li Hua (Z4E), et al. New
type coating choose for PCBA of spaceing model products[J].
Electronics Process Technology (Hi-FT.ZiH:AKR), 2015, 36(2):
89-93.

[6] Wu Wangbo (%), Zhao Li (#4#]), Zhang Huatao (iK4EH), et
al. Performance and applications of surfactants (X X VI) applications
of surfactants in cosmetics[J]. China Surfactant Detergent &
Cosmetics (H FIL2£T0lk), 2016, 46(2): 75-79.

[71  Yang Jia (#£E), Xiao Jing (M i), Zhou Yongbo (JH7Ki), et al.
Recent advances in the synthesis of organophosphorus compounds
via cross coupling between readily available materials and P-H
compounds[J]. Chinese Journal Organic Chemistry (7 #L{k2%),
2017, 37: 1055-1068.

[8] Cheng Yugiao (F2EAf), Liang Shuqin (Z437%), Zhang Xiansong
(5K 'BEH), et al. Research progress of gemini type oil displacement
agent intermediates double end-capping agentv[J]. Fine Chemicals
(RE4I1ET), 2017, 34(12): 1321-1328.

[9] Peng Zhongli (¥ £41), Duan Xianjian (Bt5c##), Huang Guoshu (#¢
[E45). Surface modification of nano-silica by organic phophorus and
its application in polypropylene[J]. China Plastics (H'[E¥1k}), 2016,
30(2): 59-63.

[10] Cui Xuyuan (#JIBT), Gao Wanxian (#J7%). Research status and
development prospect of biomimetic superhydrophobic materials[J].
Knitting Industries (£F£1T.)k), 2018, (1): 63-67.

[11] Stéphanie L C, Mathieu B, Héléne C G, et al. Atherton-Todd reaction:
Mechanism, scope and applications[J]. Beilstein Journal Organic
Chemistry, 2014, 10: 1166-1196.

[12] Cherkasov R A, Galkin V 1. The Kabachnik-Fields reaction:
Synthetic potential and the problem of the mechanism[J]. Russian
Chemical Reviews, 1998, 67(10): 857-882.

[13] Guin J, Wang Q, Manuel V G, et al. The catalytic asymmetric
Abramov reaction[J]. Angewandte Chemie International Edition,
2014, 54(1): 355-358.

[14] Qu Zhibo (JEEH). Applications of H-phosphonates in synthesis of
phosphorus-containing  functional compounds[D]. Zhengzhou:
Zhengzhou University (K3 K 2%), 2012.

[15] Gyorgy K, Erika B. The Kabachnik-Fields reaction: Mechanism and
synthetic use[J]. Molecules, 2012, 17: 12821-12835.

[16] Wan Dehui (J7f#2%). Chiral BINOL-amino acid schiff bases and its
metallic complexes as catalysts for asymmertric Kabachnik-Fields



* 198 -

# @m 1k T FINE CHEMICALS

36 4

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

reaction[D]. Haikou: Hainan Normal University(7mg JiliJ K 2%),
2013.

Liang Jing (%"). Study on the synthesis of P, N-heterocycles[D].
Xuzhou: China University of Mining and Technology ([ [E#™ [}k
), 2015.

Wang Yufeng (T FEJX), Yang Yajie (FHEAS), Huang Ling (¥32), et
al. lodine catalyzed Kabachnik-Fields reaction of trialkyl phosphites:
Facile access to benzoxazine containing phosphorus[J]. Chinese
Journal Organic Chemistry (A HL{k2%), 2017, 37(12): 3220-3228.
Erika B, Eszter F, Péter P,
bis(phospha-Mannich adducts): Synthesis and catalytic activity of the

et al. N-Benzyl and N-aryl
related bidentate chelate platinum complexes in hydroformylation[J].
Journal of Organometallic Chemistry, 2012, 717: 75-82.

Fang Yilin (/7 3% #). Synthesis and biological activities of
quinolin-2(1H)-one derivatives [D]. Changsha: Hunan University (i]
HKF), 2016.

Gao Peng (/4 M%). Study on the CO, insertion reaction and
mechanisms of chiral bisamino hydrospirosphoranes with second
amines[D]. Zhengzhou: Zhengzhou University(KH K 2%), 2014.
You Xiaohui (iFFé#%). The Investigation of the stereochemistry of
the Atherton-Todd-type reactions of bis (aminoacyl) spirophosphoranes
containing a chiral phosphorus center with phenols[D]. Zhengzhou:
Zhengzhou University (A5 K2%), 2015.

Dai Wang ({UHE). Researches on the reactions and mechanisms of
bisamino hydrospirophosphoranes with allylic halides[D]. Zhengzhou:
Zhengzhou University (A5 K2%), 2016.

Wang W Y, Jin H A, Yan Z H, et al. Perfluoroalkanosulfonyl
fluoride-assisted Atherton—Todd-like reaction of diphenylphosphine
oxide with alcohols under air generating diphenylphosphinate
esters[J]. Tetrahedron Letters, 2017, 58(36): 3489-3492.

Xu Kai (). Palladium-catalyzed the coupling reaction involving
dialkyl H-phosphonate  or alkynes[D].Zhengzhou:
Zhengzhou University(KRH K2#), 2013.

Luo Sha (¥'75). Applications of metal catalyzed C—H bonds
activation in the synthesis of pharmaceutically active units[D]. Wuxi:
Jiangnan University (YT.Fg K2%), 2014,

Min Zehui (IXJ¥%#%). Synthesis of a-indole phosphonate ester based
on CDC reaction[D]. Changsha: Hunan University(§] 55 K2#), 2015.
Zhang Yun (7K 2z). Studies of copper-catalyzed decarboxylative

terminal

coupling reaction of a, f-unsaturated carboxylic acids with CF3CH,I
Or HP(O)(OiPr),[D]. Zhengzhou: Zhengzhou University (KR K2%),
2017.

Yoshihiro S, Natsuko H, Rika T, er al/. Enantioselective phospha-
michael reaction of diphenyl phosphonate with nitroolefins utilizing
conformationally flexible guanidinium/bisthiourea organocatalyst:
assembly-state tunability in asymmetric organocatalysis[J]. Advanced
Synthesis & Catalysis, 2011, 353(14/15): 2631-2636.

LiGY, Wang L, Yao Z G, et al. Chiral ytterbium silylamide catalyzed
enantioselective phospha-Michael addition of diethyl phosphite to
chalcones[J]. Tetrahedron: Asymmetry, 2014, 25(13/14): 989-996.
Luo Yongyang (% 7k FH). Direct catalytic asymmetric michael
addition reaction of dialkyl phosphites to 2-benzylidene-1-indanones
by a chiral dinuclear zinc catalyst[D]. Zhengzhou: Zhengzhou
University (KR K2%), 2017.

Kolodyazhna A O; Grishkun E V, Kolodyazhnyi O 1. Synthesis of
chiral phosphonobenzaldehydes and phosphonotyrosine[J]. Russian
Journal of General Chemistry, 2017, 87: 5.

Zhao Yalei (WF.#%). Studies on the transformation of P(O)—H
bonds and its application in organic synthesis[D]. Changsha: Hunan
University (§1F K2%), 2015.

Liu Mingyu (Xl B & ). Evaluation of two animal models of
hyperuricemia based on lipid metabolomics[D]. Beijing: Beijing
Univesity of Chinese Medicixe (AL 5T EE 25 k2F), 2018.

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

Xie Xingiang (i§#73%). Phosphorothioate DNA as an antioxidant in
bacteria[D]. Shanghai: Shanghai Jiao Tong University( A3 K
2£),2012.

Zhao Yufen (X E7¥F), Li Yanmei (Z=Hi4fF). Phosphor chemistry and
process of life chemistry[J]. Science and Technology Review (B}
F4R), 1994, (3): 6-8.

Dai Zhengqing (#{ELi%), Wang Yuen (FEFR), Liu Jian (X&1), et
al. Progress on the synthesis of phosphopeptides by the Fmoc solid-
phasestrategy[J]. Chinese Journal of Medicinal Chemistry (4 [E 244
fb2E2RE), 2011, 21(1): 70-76.

Wang Jingyan (E58%), Zhu Shenggeng (4K H¥), Xu Changfa (#%
K7%). Biochemistry[M]. Third edition.Beijing: Higher Education
Press (75520 ML), 2002: 548.

Mei Fangyi (17 ), Cao Dong (& #%). Preparation of a new kind
of mixed micelle based on phosphatidylcholine and nonionic
surfactant[J]. Science and Technology of Food Industry (£ Tl Rk
), 2011, 33(6): 336-339.

Zhang Jun (5K%%), Zhan Jiefang (E%%%4). The performance and
mechanism of emulsifier and its application in cosmetic
formulations[J]. Scientific and Technological Innovation (Bl2HiAR
BI), 2018, (21): 26-27.

Zhang Wei (7KFF), Wang Aijun (£% %), Kou Yinke (& # %). On
the synthesis of the vitamin C derivatives in cosmetic[J]. Journal of
Shijiazhuang Vocational Technology Institute (£1 % FEHRAV A 2% B
2:4R), 2008, 20(2): 11-13.

Zhai Shaohua (F/1g), Jia Qinrui (¥94K %), Li Shuxian (Z=HUH), et
al. Microscopy and ultrastructure morphological study on skin tissue
of bullfrog[J]. Chinese Journal of Wildlife (¥74:3h#)2#4f), 2018,
39(1): 105-109.

Zhao Juan (#X1H). The application research of autologous skin
fibroblasts in medical cosmetology[D]. Changchun: Jilin University
(FHMKF), 2007.

Gu Renwan (Jifi{ i), Zhang Hongzhi (5k%%i). Aircraft corrosion
and protection[J]. Science and Technology & Innovation (56
), 2018, (12): 68-70.

An Haiming (“%HH). Special-shaped tube cleaning and cleanliness
testing technology research[D]. Shenyang: Shenyang Aerospace
University (JLBAMIZS AT KK 2), 2018.

Zhang Hongrui (K ¥t %fi ). Design and simulation of a high
cleanliness cleaning eruipment for airaft tubes[D]. Shenyang:
Shenyang Aerospace University (JLBAMiZS iR K2%), 2016.

Shang Hufeng (FIFEI%), Shi Baojun (Jiiff%), Zhang Huzhen(7kAi
), et al. The design of aircraft parts cleaning production line
automatic control system based on PLC[J].
Automation (Hil3% V. H 3h11k), 2018, 40(7): 94-98.
Liu Gengxin (X|B¢#%). A new material to improve the effectiveness

Manufacturing

and longevity of material civilization—On the application of new
technology of nano coating[J]. Total Corrosion Control (4= J& {dif5
i), 2018, 32(7): 1-5.

Yang Yang (#7£), Zhao Kui (#4%5), Zhu Hongbo (AR¥18). Green
chemistry-A new concept of chemistry[J]. Chemical Enterprise
Management ({t T.45 L), 2018, (14): 17-18.

Chen Xiaoping (F5/MH), Liu Junkang (X2 ), Chen Yepu (Bl
BE), et al. Properties of nano-CaCO; modified by a serious of
phosphate surfactants and their application in PVC[J]. Journal of
Southern Yangtze University (Natural Science Edition) (V1.5 K22%
i HARFIARR), 2002, (3): 266-268.

Li Naishi (Z£J3Ji), Zhao Xudong (B4), Fu Yanli (ffER), et
al. Research status and future development of tertiary oil recovery
technology[J]. Chemical Enterprise Management (fk T45#1), 2018,
(18): 121-122.

Li Yuan (Z%J5). Study on application of alumina nanofluids in
surfactant flooding[D]. Chengdu: Southwest Petroleum University
(PRI A1), 2017.



