HEREE: 20154 $45% 4 3H3:283~294 </<F|“I$~Jri>*u

SCIENTIA SINICA Chimica www.scichina.com chem.scichina.com SCIENCE CHINA PRESS

P AR TUERER(T)

Atherton-Todd z . J; I AR 22 LB 53 33 2

R

© WA S H YA B SSI E, AN KIS 7 TR, #6H 450001
@ TR T2, BT 361005
*HINVEH, E-mail: csx@zzu.edu.cn

WekE H 91: 2014-10-27; 4232 H 3#: 2014-11-14; 28K 2% H 3 2015-02-03
doi: 10.1360/N032014-00294

mE AXBETHRNLTHERNEH P-H O WRLA LRSS | XEE
Atherton-Todd S Y #F 5T, A3t 5 ARG % KON ALEAF R #4047 T 1 R4, B &3 Ath\erton—Todd RR
Atherton-Todd FUJL 25, & #ESLRRHURAST T L4 yst 3, iMIfrzgss | PH0E
EREFFRNAE. BELTVER, A5 EH P-H ROURMLAERCENE | puyzpn

Y18 Atherton-Todd R R 6 SLARAL FAHERSAT T BF AWK, BE2AMEZ A HE LR | pmme
FHIEAEANZRFNE, & LAT URARA R, A Atherton-Todd R AL A | Gk
ERNAEEANE, THATHIRMER LN ENFR G HATFBANER. X T

Atherton-Todd R SLARAL FALIE B RNAF A By TR A RGBT A g L iE ey

e fe An B B AL ok F M 0 LA 4.

I FORE. T AT L 54 3 AP T35 DA B 7
B 2 b, 3t JLHERR IR, H BT AT RS %
1945 - Atherton, Openshaw M Todd KZI0T iy ¢y i AT He 0 e 50010 0 Gt
B T e e S DU AL BRAE R N, BRI EYD ka9 i, T AT KR IHEH RS 4
SR R e R B R R S BESS AR 1947 SF g s Wi AT 4k, TR B X AT RN ALK
Atherton fil Todd PIASURIR 1 —feIRIRRRIE SRR gy g s g 46197, T AT RBIZETHEA BL
P& I A R TR, FEE— TR T gl a4 p % 25 K o ] 4 PR T
ZRMIHLERR. RSB 1 R, SRR g R . A SO A T 2 S T L4
# Atherton-Todd & BI(A-T A). e AT ISR i H ST e b 5 I8 HLEE (T 9 i
VR K B AR A B 1B AAE, Atherton 1
Todd st Pl M DU 0 H B VA0 o 45 40— 6 S R G
A BRI, BRI, 2 hherton-Todd [z b7 HIE R
ZUTIE AR A RSB mE R 45 4, b RILT A-T 2.1 Atherton-Todd J ¥ i JiE4)

AHBL SV RIBEE T 20 d PuE, R,

O (@] R’ (@]
MOpn B RO\ RO or EEHH=L W BRAREEHCAY, LR AT
RO ’ RO R RO 2R 5T R E D 57— o S R TG 6 A9 S 7 JEE 4,

B 1 % Atherton-Todd Sz Ml = T H AR & P-H B RIS 2] T A R AT L.



RS Atherton-Todd [z M 37 AR AK 2A AL A 78 3t

o HE SR 7 (O A B00T LK A-T O824 4 4 DY TR
Pz AN FLECAL B A RS, DU LA ol b & 0 A2 Tl IR
TLL sp® Z4LHI U IR R, HATE I P=0O XU R T
PR, T AL A A L spPd A0 = A A
OSHM)M B, HEALBL A B AR E, RE
VY P Bl A0 A DR SN HP T B T LA P H TR A Bt I
A, MEA RGN LR B SRRl —
ket & T A-T RN PUEA B LS9 0,0-
TR SRR ER( 2: ). RIEERER(E 2: b)F1 R Ik A
BB 2: €); T A-T BE I FBC A e fb &4 3 B
WIAEBEGE(E 2: d)s & ST ECA R IR Z U b (&
2: e)Fl & 2 AL s IR IR Z U (1 2: ). BT R
S48 Martin K& 1,1,1,3,3,3- /N F-2-(2-48 2K 3E)-2-
A R A ) SO P AA ™, L — A = 5 R ol R R T

BHLGIN— AT O BB AR OB 1 5 T BEAA.

S e 29 B Burgada Al Wolf 25 A\ 1E TLECAZBEL &4
SUEFF R R R — A3, HTHEARREWE S
Tl R RCER1) 5 ML 2 22/ — A2 P-H
P2 S T

2.2 Atherton-Todd Jz [ [ 3£ 4% A7

S AT B FH 30 A0 55 A% R ) e e i e 2,
BEEXT A-T RMBFFCHIRN, %R B4 & 2] —
B 9% 2 1 5 At A e M X 70 1 R R g R A R
HUARFO AR AR B iR ), DB WA 6 A i
TN IR EE AL A ) e 3 R, A S
BN I RAE W DL R Tt SRR R AR mT LAE Aok %k
7, W A-T SRS P—Cl 8 P AR R AT SR % 3 I
A A L AL PO B 4 BT,

TR R S R R B IR VT LUK A N-iig
(R IE £b S B A B N-BEBE AL 26 IR, il 5 fr

i i i
RO—P—H RO—P— R—P—H
OR R R
a b c
FsC. CFs o
(9 e
|
e HN
N—P: P—H P—H
k/ S ~H S HN |
o)
R
FsC CFq 0
d e f

B2 AT RMHEDTI

284

o

o
RO CCl/K,CO;  RO_Il H
SP—H * H;N—NHR ——— 2 P—N—NHR
RO Et;NBz CI RO
B3 R ikpEERER S A-T R
o o] 0
ROl CCl/EtN ROl NaX  RO_II
P—H——— P—Cl ———>  “P—X
RO RO RO

X =Nj, CN, SCN

B 4 hiRREERTR S S A AN, IEAGEN DL R AL B
A-T &E[I&IS]

R R
RO PI RO (|)| H N)\COOH roNl )\
|
SP—H o, "Pspg S 220 Mg cooH
RO Base RO RO H

B 5 huikBEERE S EUERRI AT RN

TN AN T i T R T R T DR B R T S R 3
SN A IR R, SR b N A R 2-E L
TR I .

I, FRATT/IN SR BT 70 o T AT G i R M A L
i SR A-T ONIE, &IUAFAN — EALRR A B
Gk R 47 B 1t ] DAE RS %R 5 P—CL R
B R HEAT SRR I, AR R T AL A NI
WK 6 fians.

2.3 Atherton-Todd Jz 7 H (%

S AT IRLERHIR FHBURAE R R H R,
5 BBUE R = O, FANR R U — 5
P2 2B % (DIPEA) . A FLHIELE N DIPEA ][]
I, N AL 1 — R e R e (DMAAP) ] A 4K
rE B AL e IR ER AN R AT [ 220,
w7 fior.

FANTENUIRAE AR A-T BRI, a5
FH R R 1 K,CO; Pl Cs,CO; %[24’27]- HAMEM

RRNH + CO,
o Base o)
I ek LY
) | o R
HN\.L_H [ RZN_é_o-] H \nl_o_e_N’
HN/J) CCly, Cs,CO5 HN/(L R
R Y
B 6 AILMIEHE S P IR U T A-T oY



hERE: (b 20154F H45% F3 W

(e]
BnO. II CCl BnO_I|
\F’ H + ArOH — - SP—
BnO” DIPEA, DMAP BnO
Bn0~,';', BnO-~ p
€g:
BnO OBn
OOBn
BnO o P\
BnO—
K& : 88% 68%

&7 DIPEA 1 DMAP 1k f#) A-T J w2 20!

AL A B, NaOH. KOH t 7] LLFHAE A-T &3
i 2521,

2.4 Atherton-Todd JZ IV i 554K iAF

A-T AR G i s AR D DO S Ak, 3 DO 4
A8 T DU AE IO R, JE R R e T H AR R
) 22 o B B e /6 o s AR 7). I fE Atherton A1
Todd $#&HH A-T N IS, FIF 2 xR xitbiidE—35
PRI T ZRB. RI M FH BAR A = & e =i 4k
FINF, A-T MR 2B EP. 5K Roundhill
2 NP 7T T I AR U AN [R1 2R B RIAR ]
BH s =BG S A-T SO AIREM, 45 5 R LR
TN 2 BEAR DY i AR IR S S5 1, T C—H 4
) B AR B e AN RE R AR IO DL, A U i 1 I
CCl,>CFCl3>CF,ClL>>CHCLs. i%/NLIEH S T
JHEHE T BB IR S S5 A (R AR SR AR R R R
Jo7 Hp R A R R S R, LT B R ER a0 4
%éﬁmlj.

Lopusinski %5 AP7E DG 81 s e, F
F CHIL 7 AR A, DLURGT IR Bl T Wi i A
BB A, JER R B R A T S
P-1 # b a k. 53 Wagner 28 N SVR] FHERIR A0 — 4
HBEEREE X I T H 5 CBrCly 8¢ CClL, 1 A-T &, K
NN 8 Fras. GBI IR A ST A P-X
(X=Br. ChHH[alfk, HF Br BIEfAE/NT ClL Frik
P-Br H AR5 5 40 T . FEH KL P-ClL
)4 R fEn#3) 60°C LA A FIsEZ Al 7t — 2
JNE, S A AR T A R () AR 1) s B A R E e B Y 2
. T H CBrCls i s M AE 38 Nt Be iR se ik, A=
FF) P-Br H AR B T3 Br J5 75 25 5 0E A BUR,
It DA 87 3 B b CCly PR

XEF CClL A —EMEUEN:, Brands 55 NP2
R IRE R D AR IR B CCL, FFAE T —

CCly/Ety 0 NuH

] o
N \ O\ //O
. 7|, R7
CHCl, d ci| A,1048h d “Nu
_ 0 - o

CCLBI/ELN ><: YO | NuH ><: (2
| CCLBr/EtsN | —

CHCl, o Ner| RT.4-10h A

NuH = CsHoNH, PhCH,CH,;NH,, PhCH,CH,0OH

B8 IR ek BN E AN F R T AT R

6 AR T R BRI BE AL = AR IR, (BCRA R K. Ja
RIAVNAR 257k #AT 700, T AN 5 52
A RS 7 YR, BB R T IR NE N
A-T SN i AR T AT 1. 4n B 9 Foss.

2.5 Atherton-Todd Jz % f¥EF

ST AT ONH IS A IR AE A i Akt
F AT AR S BE R 7). 5 SRt FHAhA FIPE A A-T
&rm@u (/e N I N U E= RN
NS HOREE. K- NI R AT DLRAE A-T OB
mmw T E A MR R . B
Zwierzak U SO M EERAEALTIN T AT M,
PL= 23 F T S AL B (TEBAC)1E M [l - AH 5% 74 fi
PR3, K EREAT BEIEAL, 12 I N7 A2 1 [ A B R 0 A7 A
NHATI, 2R E BRI R B J53K Mollov %
NPT AT RNE, Bl = CEE R N-
FFHRE L. 30%K) NaOH /KIEWUR N, DYEALIR T
BAl = OEETREIRE (TEBAB) N A4 RS (i 4L 77),
B A R T R N-J5 R . Wi 10 Fros. [H

R
(¢] R
i-Pro_ 1l 1) NaCIO/NaOH/H,0  j-PrO__ ||
o SP—H=+ /I\ D —— COOH
i-PrO H,oN COOH 2) H3O i-Pro” H

B O R A ) AT R

CHOD 0
21’5 :P_H + Ar\ /C\ CCI4/NaOH
C2HsO N° R CiHsCHoN(CoHs)sBr

R=H, CH,CI

CHO 0
2Hs )P—N/ R| HO_ CHsONl H
C,Hs0 | T T N

B 10 HIFEBMEATIMILI A-T R

285



RS Atherton-Todd [z M 37 AR AK 2A AL A 78 3t

B GBS EORG RGN, KOH . PUAUILRRIRAL, 1
AR = T IR T A T R SR R
B,

3 Atherton-Todd J ¥ FIHLEERFSE

HM AT N RBLLK, 0 F AT 7T
PRI, R E S B R N4 it
(A, K2 F B2 FRY 0,0-— ki FE M
FRTE( 2: a), DRI L 5 o A T A R 42 1) e 1k
O SEAR AR 22 1 TR T M R BRI R T I S
T, KT HILARA AL W R BRATEAE T 518
ARG FEATE A-T S A R A B s B HLER

7 1945 4F Atherton F1 Todd #&£H! A-T NI,
P T RSN, AR e R R AR T S
FAA WA B B LRI R 1) I B 280 T AL =
SO AN & 11(a) s, BEJE7E 1947 4EARATT
NI T e B R R S R AL A N, R
Z R SRR T AT KMHIHLEE. KLY
FRARBAR = S B AE b IBS, A-T B2
SRR, i S F YIS IE AT — A
HAAR, ] 11b) AT, 24 A R = & e
VBTN, SERARTESCS A P-Br o P-T 4 A H] {4
N, YRR G T S0 BT (0 B e SR, DRk e
RAGH) T i

1950 4F Steinberg %5 NP HGE 17X A-T JRBIAL
HVEAITE, BB HEE T P-Cl ek AL, I
TR MR RE 1 B P~ D Jo ik A W R TG 1) A2 1l [0 I e
Thith sy B T & P-CLEE R aIAA, R Z AP AR T T
S R B H 507 5 T LR ) — 25 0t R I
A-T SN HLER A F 8 FHLEE, 1A 2 B L
R BRI NG RO ) o P BB O, = LR AL
BB =T R A = R A b — e, ER B R ) A
PERCREF 1000 5. fEMEIERE ERES T PIRILEE, (E {0

o 0
(@ RO—!%—H _ceuis, Fao—!|=|—c:(:|3 —NuH RO—!?l—Nu
OR L OR ] OR
Nu =RR"N; R'O
o) o 0
(b) RO—!T!——H _CeL/B_ RO—|F|’|—CI —NuH Ro—||:|>|—Nu
OR L OR | OR

B 11 Atherton 1 Todd 32 H ] A-T Sw gL 32

286

) T IA O e 2 B R T AE A AR FH R B S AR i T AR
BT, SR JE A AU SRR A AR R T B A R
AR AN = AR 00 B 1, AR A = ALK 6 B e mT
PL B R R AE A E FH A il £ 55 Rl Aly. aniEl 12 B
N, iR R F (RO),P(OH FoR

TEXT A-T N HLE S UTR T 35 2 /5, 1985
4 Engel 5 NPUE—0 W0 T AT IRBIFONLEE. 45
R, WEBEITMAN, RNASKE; HINRBAZ
] EH 2 5 R AN HI R 7 B 52, A BT S SN ANV K
H HZEENLEE, S ME & pl b A AE B Tz R B
2k W L = A A EAE, S T 1) KA.
Z/INH R AR ERE R AN A-T N 8= @A iE4T
TAATRT I, SRR INE] TR AR R AR
TP, HUESE L 13 R, X2 HETA
KT AT NI Z —. ZHLFEAMESE— DL T
N 220 W R AR TR, T ELARAE T R N AR A T =
AN 7. AR FEAERZMET, =8 HE
BB - PR R AR R ) A (Path A), RS
HEBR 7 SR M A2 B AT BB AR IR,
=5 A B A AT R I SRR A R S A 1
Bl Y)(Path B). 17T R HAEL MT) A-T RN
(e BL I R e 7 DU S AR = Z A F R 5 e e i
L), RNASES SR, e = aF R
BRI A R P A

1990 4F Roundhill 2 A\ PIE %} A-T S B HLER (I
FOP R B, b IR R 1 = 2 g 2R B B S T AR B

(RO)P(O)H +B === [(RO),P(O)] + [BH]"
[(RO)%,P(Q)] + CCl, === (RO),P(O)CI + CCl3"
CCly+ (RO),P(O)H === [(RO),P(Q)] + HCCl,

[BHI' + CCl;” == HCCl; +B

B 12 Steinberg 25 A4 H 1) A-T [ BiALEER)

(RO),P(O)H + B === [(RO),P(O) + [BH]*
o
[(RO),P(O)]+ CCl, =—=| RO | _ClI
RO” ccly
l ¥ HcCly + X
N 3
(e} Ny
RO _ /}-TX
RO/P—CI + CCly
Q.
‘9’;} CCl + CF

B 13 Engel % AR HER A-T SRR R4



hERE: (b 20154F H45% F3 W

= LR SRR T A-T B, R EIE T R
RIS ALER, YO B T R e SR IR 1 B
T T Be S IR I 1 = Z e 2k, SRJE A CCly [
AR E P-CLEE R 1al44. 1993 4 Roundhill 25 A 121
N mE e E O ERZ R N AT T HAS A T,
— R T R LR, A R R R T4
PR T AR R B PR R TN T
W e R R R IR M e I S = 2 R R, SRS
FE IR ER M A — e SR IR PR IR T R Bl 61 B8 1, B 5 W £
515 VUG RR AT F P2 e & TR A, Wil 14 FoR.
SR1M Roundhill /N PSELS K BRRAF A5 R L R 2T
T SE R ER R A A A SN, TR LA AT R A —
JE [ SR PR .

DA 35 i Fr9 2 ) FH 2 S 1) DU A 3 R T VR iR
XF A-T RS 18. 1996 4F Liu 4B &4
P-H #E1) FECA AR E (A 2: d) NIEPIHRZR T
AT O, $2H 7 AR FLECALB L A9 A-T v
POMLER: B S S AR BRI 1R B B 22 58 7 26 1 £
BT, SRR 1% T 5 V& AERE AR RS P-Cl
(0 FLBC AT HR TR, B M2 e 28 S AR 2 P—Cl
TRV A AE SR S R P24, 5 FLZ /NG D RE 2R U0 3l
RENT AR, MR =R S T
fETE R, B9 25 SR B FL A AR A S e 1) P-H 88 5
DUBC AL B ER e 1Y) P-H BE3EAT A-T SOSLIT BA AHALLT) S
MALE, RMNHLEWE 15 frw

o) o)
RO_II RO_I|
P=H+ R3N —— P—H + R,RN*
RO -0
RO RO RO RO
OP—H+ P—H === "P—H+ P
e RO HO RO
o o)
ROl ROII _
_P-+cCCl, —> " P—Cl+ ":CCly
RO RO
o) o)
RO_I] Ri ROl R _
P—Cl +HN_ . ~CCl—> /P—N\ + HCCl, + Cl
RO Rz RO R,
o) o)
RO_I| ROII
SP—H + R,N —> SP—H R'RNH
HO -0
o) o)
RO_I| - ROII
JP—H+ cCl—> " P—H + CHCl
HO o)

B 14 Roundhill 2 AR A-T J BHLEEE!S

o <4

- +
N—IT\H + Et;N—> N—Fl’—Ph Et;NH
</° </°
o
jccu -CHCl, N—P\’:h

s

4

__»—Ph o

N F|>\C| + Et;NH » CCl,
</O l

\HNU Et,N-HCI + CCl,

4 \@
N—F|’<Ph + Et;N<HCI
</O Nu Cl
cl

Bl 15 Liu SREAEH QA B A-T SRIHLEEE

4 Atherton-Todd Jz 5 fi i ARAL A HLBRRR ST

SRAEXST A-T B RIHLELREAT T2 KB 7S, fH
HI 0 (0 BIF 0 B e B4 AR L N e ) R T A
111 5% 2EL 5 L T AR 49 B e A o o A T 1 R
FRL R T RO e T L. BN JLEA B 1 Xt
ARIFRRIEIR G A-T S SLARA AL EE R R S
PN I RAL IR E 2 Frsit A-T RERYIS A
& P-H AR L S YA ESR P-H BH TR
AL AL S PP RNT H ST AR AL S SR EAT ) 46,

4.1 &4 P-H BN NENBL AN A-T L
AL 2ERLELRIE 5T

1970 4E Reiff A1 Aaron"™ 5%t A-T S o ft i i
FHINIARC AT 7RI, AR A FRE O-F A
B F L R IR ER IR A A A, (6 DU G&UALRR AN = T R 1
TR, RPN IS AL R T WA R S e (R P, VR B AE
SO AR R, ZRYE RS T AR SR
AN TEA. T AME LR, WA SEAZ AR
TR, ABWEER] T & P—CUE Hh a) 4% 1 358 50 A1 e A B
%. W 16 iRt FEREN AT RBZMT
Mikolajezyk %5 N*OHBULEZ S T F= Wi a4 24 (¥ S0 e
IR, (ERAMNE I IR R — 2 RER, ZHER
FE A R AR RS 8 M B K.

25t JLH4E2 5, Han M1 Zhao [V RRZH V-4 1k 3k
— 35X WU AL S0 A-T SN BISTARAL 2 WL B HEAT
THEFE, BT RO SRR R AR B SR T OB )

287



RS Atherton-Todd [z M 37 AR AK 2A AL A 78 3t

Q o

||:| CCl,/NBug H T

. . e St N —

oY ™, T NH, NTRyOPri
Me

|C|> 0
M
(—)MenOP‘r;l'P\H + CCly + E4N —— (()Meno— P~

Ph/ Cl
Men = menthyl(é’)

S JEXTBRFABIR(70/30)

AN

B 16 DURALBEL &Y A-T OB AR AL 25 HLE 5

juf [38~40]

PLER. B RIRIE 1 O 5 R R B R i ol — HUAR AR
BES2RZ G EK . e B BRI, 45 RAER W

SEAASE AR R T B R SR K, I 17 () BT,

B0 O-Rp-L- 8 af 3 % 5 IR B e AN 22 /K 2B e ) 2
SE AT L (7, T8I Tl U R B I R O A L LR R 11
P, N T B IAE O-Rp-L- 78 17 56 2R IR R B R
P 5 2K R S ST AR IR R, R TR S8 O- T4
FERFL IR R BE  (Rp/Sp=60/40) 2 N, 45 B A pl ) —
Xof X SR R Ak = D LA 5 TR AL 28 L 431 T e A e
(Rp/Sp=60/40), T 5011 P-H S+ (1) H &85 3
IRRUECR B BT AR, BTLL Rp A4 JEORHAE e b4
R A Oy Rp MR, e Bigh Rt —20
BUE T A-T M) SIAR L — M.

W8 Ji5 1% /> 25 OSO3E T B R IR o % v, R
S0 VIR O R e B U E LB R, SR &AL
AR AT, A R T A B AR ) B S T 1
TR IE S, ST A 1) 2% %) 1 I S 7 &0 00 Bl E 2 R
BIRENGINERNK. BAEEHEENBSHRES R
FI3ER% T Nu (C—, O—, S—, N-) TERRFIAE T &,
g5 B R ST AR E R b AR T A R R R P A .
WE 17(b) 7.

<|3| 0
CCl, / Et;N I

P + 4 3 R
a RV NuH ——— _PUIR
( ) Rl H RT Nu \R

(0] (o] (0] (o]

: : I

(-)MenO''g Ph'' g (—)MenO“) N HY
pd N oomend ™ TpncH! M P tBU
(Rp) (Sp) (Rp) (Sp)
Men = menthyl

PI 0
b) P, CuCl, _P., NuH /||3|-,,
Zi 22 H migs 4 %2 O Tmmge }\lu

B 17 Han 1 Zhao WAL HH 1) A-T SRS AApL AL+

288

el Han WAL ET6E A-T S8R STARAE 244 LR 1
1T TR0 RIS, RIR 4R T ok 2R 8, B
BRI MCRE A R T R a s Al A WU R 1T A=
W, TR PPk B A4 2 T B R SR IR, R
WERH T A-T SN AE R T R B S R 1= 4. sl 18
TN, RN AT B oM T R T A
FRHED: MR RS P-C1 B R 2 5,
AL P-CLERE I T 5 E SO )57, AR5 S es 1
B2, AN A R 2R 58 4 IR TR P ).

Han 58T A-T RS SIARAL ZE AL EE R 51
FIIUEH A-T R NS — D 2 B A4 B ST AR GRS AR 1 T
B P-Cl BRI AMA, SR 5 B S5 SR A% R HR ] 44
P-Cl #1015 5 SR P R 7, CUE B 56 & 4,
A BT ST L AR A L 5E A IR ). EALEE T
AKIFRIT O,0- )5t 5= BB TS « R JBl R T A — e 226 AU,
Hr b2 EE A 19 FR.

42 54 P-H @M RABML AW A-T &L
PRAL AP ST

T84 A P—H 4 U e 1) AT RS2 K% 5L
HUBRR A5 — eSOk IS, (R SR IR AT A T sr
PALZE WL A AT VEAH 1 SCHR IR, 140 Houalla AR
G- ST R T IR SRR AT RS, BRXUGR
S 55 7 ) ) R P — R S R R, AR
T R B, R B R e 8 A
(HIFBIFAL SR 20 PR, Liu SEARLL OO 1) 4 4
TR P—H AU U b A, R A-T RS
LT RO E . 0 21 foR.

DL E AT IE /N AR S P—H S0 T I
BEALE I AT ROSCHEAT T RFST, (5 %5 F T

o Nu-H (@]

I NuH o i 1
_P, — P, | . R'Ph

P4 “Cl Ph g o | mEmse N\
RO RO OR

Nu-H: R'NH,, R'OH, ArOH, ArSH

B 18 Han WAL H 1 A-T SN H D AR b 2L 2T

o) o) 0
lljl CCly/Et;N lg Nu-H lF!
R(O)'¢ >H 5 ROM 7 >0 | mee. Ne” N/ OR
rof " PERE L mags N Yo

B 19 Han R4 A-T B SLARE AL L@ 74



hERE: (b 20154F H45% F3 W

M?%e R R Me Me R R M;{e
— (o} >_< o)
Me

N—P<O N: CCl,/EtzN o /<O HN>\_

T H CHZCN \>NH 07/
5 23 O

R' R

Me Me Me Me Me Me
aaR=R'=H

b: R =Ph,R'=Me

B 20 Houalla AR A-T KNA KRBT
%[4349]

R'NH '
R,PNHR' <l RPH ROH
CCly/EtsN

CCl,/EtzN

a: R'=CH,, R,P=B
b: R'=C,Hs, R,P=B
c¢: R'=n-C3H;, R4P=C
d: R'=n-C,Hg, R,P=C

R,POR'

a: R'=n-C3H7, R4P=A
b: R'=i-C3H;, R,P=A

Ph Ph

o]0 o\\P//o o\\P/,o
A e =)
d o N N

B 21 Liu BRI AT SNA AR B At

(@]

PRI AR DR B b, A0 K BT AN 73 6 DO A0 3R
Sk, R ZE T & P-ClL B AR, B
X AL SR bE AT S STARAL B LEE B )
T8, AR IR A TR O R B AR 1L

Akiba B P2 R Y EASA  D T AR A
P W TR S M ot 5 e e S B B T R B AL LD
PLIEBEREATAEY). W EAE M S T RARSIANT —
F xR 1, Btk a] L5 (8 25 82 o0 F 1 AR 4L
T2 R R ZH AR AR R R 110 5 1) O 3R s T A [ 1) 2 [
T exo RN R, endo Fom WAL M4, %
HF 5 i FH B0 A o R ) Sy — o e X B S R R, TR A
R A B e R E ] T e B B TGS
SO,ClL, AR P-Cl g A e 44, Ff 5 Szl ) gk —
W AR R AR B SR AR PR A ). Wl 22 B
N AHMNE exo # B AU BE 1 S L. T T RN
JERN AT 20 B R A, 1 R TR A A
U e k), I EL AR B 28 7 i TR A R e S A Ak
BEAT o, DR O A SR ) v 1 AT £ T — b
e . WAL B 5T A [A) A 5 Tl R A [,
FEHRIE TR AR Y 1 AR e 5 o i R R B AR A
5] 7= ) (R R B BB, A S e 97 1) ST AR A 2 LR AT
HE— 25 b ) ik

T JLAEFRATT/IN2H ) ) 2 5 T R gt X 7] 1) s A5 ol
TRINEH P-H BN EERIZA A 2: ),
HXt HNTARAG 2 AT T HPE R R IPPT i

FaG CHs F3Gq CHs

©AO o
7, 1, .
"'»»,%,_H NaH or DBU, ,,F:,_ SO,Clh

F;C CFj F;C CF3
exo (and endo)

F5C, CHs; FsC CHs
'ITLCI —_— ‘P~Nu
©§o NuH=MeOH, Me,NH @(I)
F,C CFs FsC CF,

exo (and endo)

B 22 Akiba BB TLAC AR ERELT IR A-T RN
gzl51]

Pk ZE A R0, FRATTH A A X R LR L A7
LU e O B R R A A R AT T R AENY. % &
Ytk E B =T L, kA T2 R T
PSR E T2 R TR 7, I8 AR A [F] 1 B
R, EAT LA P-H 481 5 102 A7 BH, R b 3
i W IR S e 2 BRI T 7 L T A7 BB B8 o A 5 A T A
b2 v AR 4F RO EU AL & ). Swamy i RBUZH PRI AR
2006 X TR AL 22 B R A SRR R R B, R
e 57 Ak A FF S0 A0, T P ot A S 0 I 0K 4
BN AR A B 5 S s . B AT S A B A
YR R I T oo B — B R AF RN B SRS
RUAE 5, B2 A2 AT LI AL 22 F 7T 4000t T 8 — B
P B L AT e A 0 R R T I g 21 9001

DR L R ATTHIF 7 /I8 LT A B T T A7 M8 B S e 1)
Seht I, CAAECATAEIA A B B NI, W A-T R
FISE AR WU HE AT T RS 7 P00 FEX AR
TR f) X485 5 I S M ot (F5 el A TR A B ) R i R S
b 5 2501 A-T RS R, ZUB b e
KoCOs EFR, 1565 VU SRR AE F 2B 1 T 1 57 A4
R 52 SRR IS P—Cl B R a4, SR Iy A
T P-Cl BHT EHEI, AR T WA T 58 4 R I
ARYTL =, o e ) A i — = 4 1) 7 4 45 3
TS SE R O RRIESY, i 23 F.

B Je o U SR A e ST A-T OSERE 9
RO, HE5 CO, R & 2k R 1 3 T e X A-T
SN B TR AR ) P-CL BB R, AR CO, N
(=, 6% % B ST AR AR S AL A BT T R R A
E S B GEERIGIER T, B CCl fERARR T

289



H 545 Atherton-Todd S 82 K EAZ AL AL BB 7T 3k fiE

L
}H;\-H

I WH  cel,/K,c0o, [ WNH "R HN,,, T 7\
H— |\ RS RS R O
OVNH HN & =R

[e] (0]
(Ar) (Ar) (Ae)

B 23 AR RREUBE(A) SI I A-T KRR A0

WL AR Y S A AR FF IO & P—CL B a4, (2R
B fr P—Cl o i) A R0 22 3k R B B8 - adk — 20 S DL,
FP= W 0 SEAR R B AE R A 8] 4 P-C1 8T S5 14 B
AR, T H AR AN L R AR AR AR A G A
24 Frn. UL AR B 25 R B ST R AU B b
JEANET, R e CO, S AR T R L 58 4 S B 1)
AL AR R E Y, HR S L AR R PRE A
RREA B AR, AhIZ & CO, [ MR T
—XF AR X B & R R iR IR A . T AR
R R ERE b F - R BUREEAR T W
], T AR B SRR S e i A | R OB
FE AN, 2R P 2R B e 1 i AR A B
BUK, R AR B 2 T 2 e S b R )k P—C1 4
BiE BEA BRI AL, 2% F R 7 F A
R, BB BB RIAI R, R A 5 2 AHT

M B = B, B 2 AR T — R X e ) 2
IR b iR IR S 4. 45 RILR Ak P-Cl 8
J WA BEL R K, DA T Tt A0 A ) TR PR R 1) 7 4k
%, P-Cl 875 J5 WAL BB/, A o 28 s 7 (1) 7= )
% . [RIREZ I 7 A 250 R A 2 T IR g ot 1 T A
FUAR G W 0 # B 15 31 1 B dp S5 A B ik, Horp
AT BN 7 58 2R I Z R 7 ) AR B S R A 1) L g 2
¥J. Akiba F1 Yamamoto R4 SH/E T LbAE T T4
T AR P R A S e ) At SIS 2R S R AR S B ) A
FoH, [RRE R R IROGE T e A7 W iR - 1 1 i (R B
BUE R T — WA [F) i B S i A (R IR S 4.

& P-H 8 AL B L &0 A-T KB,
B T o T 7 i J5E 1 BT 5L A 1R = AR OUHE (1) 4R ok 45 44
fEHAEA P-H BAI VIR B S P A-T RS
SR FENE R ERARE. RS REN, &F
P-H B HECAI AN A-T R FISLAR 2
PEPE R 5 2 2 2 AL B 52 e . H E T DY A 47
WAV AT RMNIHLERTTF G T — ke,
B T 2% [A) Az L AL 28 6 57 AA Ak 22 LB ) 5 1) i 75
PR R AE. AT A B LS A-T
L AL ERAE 5000 b T W AR B B, R DL K SR %
Lﬁ FIRIR AR A Ry Tt — DR, HAr kb 2=

AR T — e s

o b

TN s P\
(0]
. H L
}(\R Y\
o R =-CH(CHj) o
) R =—CH(CH)CH,CH, @)

o)
H

o]

J HN, | CCly/Cs,COq

b%'
H

(Ae) (Ae)

CCly/Cs,CO;5 NH
—_—

H S pP—
RARE qu\;

HN,, 1

p—0— C—N
BRI HN’C') R
Ry
H o
") O /@

PR )
<2 o)
HN.,, | n R
. Y
I e P—0—C—N,
_ | -
Iy o)
H/Y
I

Bl 24 RSB AL R IR IR SR bE 5 ) AT S AR SEAAAL L EE

290



hERE: (b 20154F H45% F3 W

5 GRS RE

FPEWE AR L A RR A AR i & LR
e F TR B — S B A, A AR K F) AR AN R AT A
6. HATVF2 TR eER iR 5 1 8 e s P e B e &
W AE Xof W B 2 = 0F Il ST A 8 6 1) A o B ARG
MEALAE T, DR 0 3 R Tl A i £ 20 R0 24 T F 70 3
M. BT B A © AR AA ) = IE AL B AL &
P Je ) DU AR B A 45 30 U A ke T FH
1 % 1) T VR e (B I e 2 o () I T, T P 24
UM T =B SN E, B HE, WS
BONRSE, £ RN R RIV BN, RIES
9 Be A (A6 R T, AT I 328 0 1 T 1 B G £k
WHA R Z 2. HERIHATIE, BRI RS ee |
KT 99%H VU Be Az i 0 T VAL & W0 80 77 AR 2D
M A-T MR A A HLBAL &9 i e i A
Z—, HHTCH 2 AT BA AW 1 00l i i sk

BRRER AL SIS b . X+ AT B
SR SEHLER (K OB A A TR R A AR AT 2D IR
{7 L ee AR A BB BB b O TR S MR
Jiik.

VIR SR, TR B & B AL
AC AT Sk A, o T AR AL RO AR 385 7017,
T3 ANETT FRE I B e ) T P T A R R AR B BT
A, IR P IERCAR S B T MORTE, R ET
RS BN B B B () T R I A 200 O B et
b T A IR B AL S I S R, KA B T AE AR
FRAEAL IR T 3RAN B DUHT AU AR 2, IRR it 5
R EAR. B, BT REhO TS
WHTEA WA B AR FRAE S B SRR 2 Sk
ZETTIR A2 BRI RG R, AEEX A-T M
SEARAE LB REAT 3 P I A A, R
OF AN G Z L, 23— P IF R & o
B RO F AL ST T

it ATIEGBRE R E REF 421172201, 20672104) 49 K B, 45 b Bt
= PU N

1

10
11
12

13

14

Atherton FR, Openshaw HT, Todd AR. Studies on phosphorylation. Part II. The reaction of dialkyl phosphites with polyhalogen compounds
in presence of bases. A new method for the phosphorylation of amines. J Chem Soc, 1945, 660-663

Atherton FR, Todd AR. Studies on phosphorylation. Part III. Further observations on the reaction of phosphites with polyhalogen
compounds in presence of bases and its application to the phosphorylation of alcohols. J Chem Soc, 1947, 674-678

Kannan P, Kishore K. Novel flame retardant polyphosphoramide esters. Polymer, 1992, 33: 418-422

Zang L, Wagner S, Ciesielski M, Miieller P, Doring M. Novel star-shaped and hyperbranched phosphorus-containing flame retardants in
epoxy resins. Polym Adv Technol, 2011, 22: 1182-1191

Ashmus RA, Lowary TL. Synthesis of carbohydrate methyl phosphoramidates. Org Lett, 2014, 16: 2518-2521

Wagner S, Rakotomalala M, Bykov Y, Walter O, Déring M. Synthesis of new organophosphorus compounds using the Atherton—Todd
reaction as a versatile tool. Heteroatom Chem, 2012, 23: 216-222

Le Corre SS, Berchel M, Couthon-Gourvés H, Haelters JP, Jaffrés PA. Atherton-Todd reaction: mechanism, scope and applications.
Beilstein J Org Chem, 2014, 10: 1166-1196

Dess DB, Ross MR, Martin JC. Directed dilithiation of hexafluorocumyl alcohol-formation of a reagent for the facile introduction of a
stabilizing bidentate ligand in compounds of hypervalent sulfur (10-S-4), phosphorus (10-P-5), silicon (10-Si-5), and iodine (10-1-3). J Org
Chem, 1981, 46: 1049-1053

Laurenco C, Burgada R. Mechanism of the formation and rearrangement of spirophosphoranes VIII. Reaction of spirophosphoranes containing
a phosphorus-hydrogen bond with reactive electrophiles. Tetrahedron, 1976, 32: 2089-2098

Koening M, Munoz A, Garrigues B, Wolf R. a-Hydroxy acids and alkyl tartrate spirophosphoranes with a phosphorus-hydrogen bond:
preparation, properties, stereochemistry. Phosphorus Sulfur Relat Elem, 1979, 435451

XL, Win2, HBER, RE. SR R R RL. AR R A A AR, 1998, 19: 748753

BESR, fRn, W, RS, WEER TR A S B b B . P EFE, 2010, 40: 878-887

Zwierzak A, Sulewska A. Organophosphorus esters XI. Solid-liquid phase-transfer-catalyzed phosphorylation of hydrazine. Preparation of
dialkyl phosphorohydrazidates and N-N'-bis(dialkoxyphosphoryl)hydrazines. Synthesis, 1976, 835-837

Koziara A, Turski K, Zwierzak A. A general synthesis of unsymmetrical azines via N-(diethoxyphosphinyl) hydrazones. Synthesis, 1986,

291



RS Atherton-Todd [z M 37 AR AK 2A AL A 78 3t

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

31

32
33

34
35
36
37
38

39

40

41

42

43

292

298-301

Chen GS, Wilbur JK, Barnes CL, Glaser R. Push-pull substitution versus intrinsic or packing related N-N gauche preferences in azines.
Synthesis, crystal structures and packing of asymmetrical acetophenone azines. J Chem Soc, Perkin Trans 2, 1995, 2311-2317

Shi E, Pei C. Pseudohalogenation of phosphites. Synthesis, 2004, 18: 2995-2998

Shi E, Pei C. Phase-transfer catalyzed pseudohalogenation of phosphorochloridates. Synth Commun, 2005, 35: 669-673

Shi E, Xiao J, Pei C, Chen J. Microwave-assisted solvent-free synthesis of pseudohalophosphates. Synth Commun, 2011, 41: 3085-3088
Ma XB, Zhao YF. Synthesis and novel properties of N-phosphoryl peptides. J Org Chem, 1989, 54: 4005-4008

Ji GJ, Xue CB, Zeng JN. Synthesis of N-(diisopropyloxyphosphoryl) amino acids and peptides. Synthesis, 1988, 444-448

Brands KMJ, Wiedbrauk K, Williams JM, Dolling U-H, Reider PJ. A practical preparation of diisopropyl phosphoryl protected amino acids.
Tetrahedron Lett, 1998, 39: 9583-9586

BESF, skl WAHE, RE, RENK, RN N-TRNABBLEERN SR AL, 2004, 24: 609-615

Troev KD. Chemistry and Application of H-Phosphonates. Amsterdam: Elsevier, 2006. 45-47

Cao SX, Gao P, Guo YC, Zhao HM, Wang J, Liu YF, Zhao YF. Unexpected insertion of CO, into the pentacoordinate P-N bond:
Atherton-Todd-type reaction of hydrospirophosphorane with amines. J Org Chem, 2013, 78: 11283-11293

Silverberg LJ, Dillon JL, Vemishetti P. A simple, rapid and efficient protocol for the selective phosphorylation of phenols with dibenzyl
phosphate. Tetrahedron Lett, 1996, 37: 771-774

Mills SJ, Dozol H, Vandeput F, Backers K, Woodman T, Erneux C, Spiess B, Potter BVL. 3-Hydroxybenzene 1,2,4-trisphosphate, a novel
second messenger mimic and unusual substrate for type-I myoinositol 1,4,5-trisphosphate 5-phosphatase: synthesis and physicochemistry.
ChemBioChem, 2006, 7: 1696—-1706

Verner J, Potacek M. Criss-cross cycloadditions on ketazines derived from alicyclic ketones. Molecules, 2006, 11: 34—42

Lukanov LK, Venkov AP, Mollov NM. A new approach to the Atherton-Todd Reaction. Synthesis, 1985, 971-973

Lukanov LK, Venkov AP, Mollov NM. The application of phase-transfer-catalyzed version of Atherton-Todd reaction to sulfonamides.
Synth Commun, 1986, 16: 767-773

Georgiev E, Roundhill DM, Troev K. Conversion of chlorofluorocarbons into chlorofluorohydrocarbns using the Atherton-Todd reaction
with dimethyl phosphonate. Inorg Chem, 1992, 31: 1965-1968

Georgiev EM, Kaneti J, Troev K, Roundhill DM. An ab initio study of the mechanism of the Atherton-Todd reaction between dimethyl
phosphonate and chloro- and fluoro-substituted methanes. J Am Chem Soc, 1993, 115: 10964-10973

Mielniczak G, Lopusinski A. Iodoform, a new reagent in the Todd-Atherton reaction. Synth Commun, 2003, 33: 3851-3859

Steinberg GM. Reactions of dialkyl phosphites. Synthesis of dialkyl chlorophosphates, tetraalkyl pyrophosphates, and mixed
orthophosphate esters. J Org Chem, 1950, 637-647

Kong A, Engel R. A mechanism investigation of the Todd reaction. Bull Chem Soc Jpn, 1985, 58: 3671-3672

Troev K, Kirilov EMG, Roundhill DM. A study of the Atherton-Todd reaction mechanism. Bull Chem Soc Jpn, 1990, 63: 12841285

Liu LZ, Li GW, Zeng XZ, Fu LB, Cao RZ. The Atherton-Todd reaction of hydridophosphoranes. Heteroatom Chem, 1996, 7: 131-136
Xiong B, Zhou Y, Zhao C, Goto M, Yin S-F, Han L-B. Systematic study for the stereochemistry of the Atherton-Todd reaction. Tetrahedron,
2013, 69: 9373-9380

Reiff LP, Aaron HS. Stereospecific synthesis and reactions of optically active isopropyl methylphosphinate. J Am Chem Soc, 1970, 92:
5275-5276

Van den Berg GR, Platenburg DHIM, Benschop HP. Stereochemistry of a Michaelis-Arbusov reaction: alkylation of optically active ethyl
trimethylsilyl phenylphosphonite with retention of configuration. J Chem Soc Chem Commun, 1971, 606-607

Stec W, Mikolajczyk M. Organophosphorus compounds. CLXXI. Stereochemistry of organophosphorus cyclic compounds. II.
Stereospecific synthesis of cis- and trans-2-halo-2-oxo-4-methyl-1,3,2-dioxaphosphorinanes and their chemical transformations.
Tetrahedron, 1973, 29: 539-546

Wang G, Shen R, Xu Q, Goto M, Zhao Y, Han L-B. Stereospecific coupling of H-phosphinates and secondary phosphine oxides with
amines and alcohols: a general method for the preparation of optically active organophosphorus acid derivatives. J Org Chem, 2010, 75:
3890-3892

Zhou Y, Wang G, Saga Y, Shen R, Goto M, Zhao Y, Han L-B. Stereospecific halogenation of P(O)-H bonds with copper(II) chloride
affording optically active Z,Z,P(O)Cl. J Org Chem, 2010, 75: 7924-7927

Houalla D, Bounja Z, Skouta S, Riesel L, Lindemann D. On the extension of the Atherton-Todd reaction to the l-organyloxy
1-hydridobicyclophosphoranes. Tetrahedron Lett, 1992, 33: 2817-2820



hERE: (b 20154F H45% F3 W

44

45

46

47

48

49

50

51

52

53
54

55

56

57

58
59

60

61

62

63

64

65

66
67

Houalla D, Bounja Z, Skouta S, Sanchez M, Wolf R. Bicyclophosphoranes containing macrocycles. Phosphorus, Sulfur Silicon Relat Elem,
1993, 75: 71-74

Houalla D, Bounja Z, Skouta S, Rieael L, Lindemann D. Extension de la reaction de todd aux 1-hrdrido-1-organyloxybicyclophosphoranes
poeteurs d’une function amine secondaire. Phosphorus, Sulfur Silicon Relat Elem, 1993, 81: 1-15

Mazieres M, Houalla D, Monje MC, Sanchez M. On the extension of the Atherton-Todd reaction to the pentacoordination phosphorus
compounds. Synthesis of mew bicyclophosphoranes containing macrocycles. Phosphorus, Sulfur Silicon Relat Elem, 1993, 83: 157-161
Houalla D, Moureau S, Skouta S, Sanchez M, Wolf R. Nouveaux macrocycles bicyclophosphoranes III. Macrocycles mixtes derivant de
diesters et de diamides diacryliques. Phosphorus, Sulfur Silicon Relat Elem, 1994, 90: 131-142

Houalla D, Moureau S, Skouta S, Mazieres M. New macrocycles containing bicyclophosphorane moieties IV. Macrocycles issued from
polyethyleneglycols and triethanol amine. Phosphorus, Sulfur Silicon Relat Elem, 1995, 103: 199-204

Chandrasekaran A, Day RO, Holmes RR, Houalla D. Molecular structures of novel macrocycles containing bis(bicyclophosphoranes).
Phosphorus, Sulfur Silicon Relat Elem, 1997, 123: 219-239

Cao RZ, Zeng XZ, Liu YN, Liu LZ. Synthesis of pentacoordinate phosphorus compounds by the Atherton-Todd reaction. Org Prep Proced
Int, 1996, 28: 490-492

Nakamoto M, Kojima S, Matsukawa S, Yamamoto Y, Akiba K-Y. Stereomutation and apicophilicity of diastereomeric. spirophosphoranes
(10-P-5). J Organomet Chem, 2002, 643—-644: 441-452

Kojima S, Nakamoto M, Yamazaki K, Akiba K-Y. Stereochemistry of nucleophilic substitution reactions of sterically rigid phosphoranes.
Tetrahedron Lett, 1997, 38: 4107-4110

WAEE, XM, WHFE, rI7, BER, BRI TR RSB R e, Bk, 2007, 24: 147-153

Cao SX, Liu JM, Xie YL, Liao XC, Zhao YF. (3S, 8S)-3,8-Diisopropyl-1, 6-dioxa-4,9-diaza-5A5-phosphaspiro[4.4]nonane-2,7-dione. Acta
Crystallographica, 2006, E62: 04642-4643

Yu L, Liu Z, Fang H, Zeng QL, Zhao YF. Synthesis, characteristics and biological activity of pentacoordinated spirophosphoranes derived
from amino acids. Amino Acids, 2005, 28: 369-372

Hou JB, Zhang H, Guo JN, Liu Y, Xu PX, Zhao YF, Blackburn GM. Chirality at phosphorus in pentacoordinate spirophosphoranes:
stereochemistry by X-ray structure and spectroscopic analysis. Org Biomol Chem, 2009, 7: 3020-3023

Hou JB, Tang G, Guo JN, Liu Y, Zhang H, Zhao YF. Stereochemistry of chiral pentacoordinate spirophosphoranes correlated with
solid-state circular dichroism and "H NMR spectroscopy. Tetrahedron: Asymmetry, 2009, 20: 1301-1307

Swamy KCK, Kumar NS. New features in pentacoordinate phosphorus chemistry. Acc Chem Res, 2006, 39: 324-333

Kojima S, Kajiyama K, Akiba KY. Characterization of an optically active pentacoordinate phosphorane with asymmetry only at phosphorus.
Tetrahedron Lett, 1994, 35: 7037-7040

Dejugnat C, Etemad-Moghadam G, Rico-Lattes I. Asymmetric synthesis of (a-amino) phosphonic acid amphiphiles using chiral P-H
spirophosphoranes. Chem Commun, 2003, 15: 1858-1859

Cao SX, Guo YC, Wang J, Qi L, Gao P, Zhao HM, Zhao YF. Preliminary stereochemical investigation of the Atherton-Todd-type reaction
between valine hydrospirophosphorane and phenols. Tetrahedron Lett, 2012, 53: 6302-6305

Adachi T, Matsukawa S, Nakamoto M, Kajiyama K, Kojima S, Yamamoto Y, Akiba K-Y, Re S, Nagase S. Experimental determination of
the ny— o 'p. interaction energy of O-equatorial C-apical phosphoranes bearing a primary amino group. Inorg Chem, 2006, 45: 72697277
Lin GQ, Li YM, Chan ASC. Priciples and Applications of Asymmetric Synthesis. New York: Wiley, 2001

BRERL, JHIESE, FEERA. AXPR A T T IR AR AR R BT R SR (1), AEEBIEAT. 2002, 13: 58-64

BRERL, JIEEE, R, AXRRE e T IR AR AR R T ST R (ID). AL 2B AE. 2002, 13: 49-58

i, AR MRS T IR, LA, 2014, 72: 778-797

Skarzynska A, Trzeciak AM, Siczek M. Palladium complexes with hydrophosphorane ligands (HP~O and HP~N), catalysts for Heck
cross-coupling reactions. Inorg Chim Acta, 2011, 365: 204-210

293



R4S Atherton-Todd [ N K 37 Ak 24 L ER A 7 33t g

Progress in the Atherton-Todd reaction and its stereochemical
mechanism
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Abstract: In this review, we summarize the literatures in the latest decades on the Atherton-Todd reaction of the
tetracoordinated and pentacoordinated phosphorus compounds containing P-H bond. Especially, the review focuses on
the development of the stereochemical mechanism of the Atherton-Todd reaction. Although the reaction mechanism has
been investigated for decades after the discovery of the reaction, the earlier studies mainly concentrated on the reaction
intermediate. Up to the past dozen years, the stereochemical mechanism of the Atherton-Todd reaction was studied in
detail. However, up to now, there is few review and introduction to the stereochemical mechanism of the Atherton-
Todd reaction. We hope this article could compensate for this limitation, and it not only summarizes the general
Atherton-Todd reaction, but also introduces the recent research results on the stereochemical mechanism. It is
considered that the further investigation on the stereochemical mechanism of the Atherton-Todd reaction will be helpful
to design and synthesize the novel tetracoordinated or pentacoordinated compounds with phosphorus chiral centers.

Keywords: Atherton-Todd reaction, reaction mechanism, stereochemical mechanism, phosphorus chiral center,
phosphonate, hydridophosphorane
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