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annulations of MBH carbonates

EWGgq EWGg E various
R\)\/PR3 - R\/\/PR3 —= annulation
Q ©) products
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EWG E
® EWG R T
RPN ==<R
R R
or X EWG S
o X EWG ﬁ)\EWG - @\/\
EWG =\ @
oPR, EWG o PR, ®PRj3
* \)J\ . [3+2]/[4+2] annulations of allenes
| NuH R
N EWG 0
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e
N > Ewe ® R2 R2
. RsP X = OH/NHTs
phosphine-catalyzed

umpolung additions phosphine-catalyzed MBH reactions
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'—CHO o Y
+ catalyst R3H\N’R2 cat. 1
R?=NH, (5 mol %) <5 X=Br, Y= iPr
_—
3 y four component R cat. 2
R3—CO,H HNL IR
L Ugi reaction R4 X=H, Y=Cy
4_ up to 96% yield %
RI-NC up to 99% ee v
\ Tan, B., et al. Science 2018, 361, 1087.
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mouth, salivary
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dopaminergic neuron

monomers
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PARKINSON'’S DISEASE
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cell death
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movement
disorders

F

Oligomer

Pathological conformer

Membrane-bound
helically folded
monomer

Bezard E. et al. Lancet Neurology, 2015(14),855
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Second messenger system
First Messenger o> Second Messenger
Neuron transmitters Diacylglycerol

(e.g. Epinephrine Hydrophobic phogphatidylinositols
Acetylcholine)

cAMP Ca®*
Hormones cGMP Mg=*
(e.g. MSH, ACTH, Hydrophilic  c-di-AMP Ap,A
ANP, hCG) c-di-GMP ApA
B c-AMPGMP ApA IP;
(e.g. DNP)
NO H_S
Physical stimuli
(e.g heat shock]

Targeting proteins

Cytosol ‘

Cellular Response

Extracellualr Fluid
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‘. Direction of water vapor circulation

Prof. Miller

The 14t International Conference

Mlller-Urey experlment on the Origin of Life
2005, Tsinghua University, Beijing

- T _: -
F L E = arERLE + £P4HE
Prebiotic Systems Chemistry: New Perspectives for the Origins of Life.
Chem. Rev. 2014, 114, 285-366.
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¢ eq
Formation Stable Prebiotic Pre-RNA RNA First DNA/ Diversification
of Earth hydrosphere chemistry world world protein life of life
1 | || | || 1 |
4.5 4.2 4.2-4.0 ~4.0 ~3.8 ~3.6 3.6—present

Joyce, G.F. Nature 2002, 418: 214.
Chemical small molecules  Biological functional molecules

S

Prof. Joyce G.F.
Salk Institute
for Biological Studies

o “Protein world” —Oparin, A. I.; Miller, S. L.
“RNA world” —Orgel, L. E.; Gilbert, W.

Prof. Oparin, A. .
Moscow State University

Landweber, L. F. Proc. Natl. Acad. Sci. USA 1999, 96, 11067. 38



Irreplaceability of phosphorus for life

The phosphate diester bonds in DNA

(@)
NH
5
Ho-S"2 | N/go o
‘ Stability (1)
)—‘/ NH, Diester Monoester
N
Otp’o ' </ , >N Si < 1 min < 1 min
0" 0} g i -
CHy N—\7 P 10° v 10"y
\l@c.)v{ WV <1s <<1s
)—‘ NH, As <2 min 6 min
0.9 N s Ty 1100 y
/P\O 5 </ I N N
o CH _ . .
2 N>\ Half-life period:
Why nature chose phosphates? )3' 7‘ Diester : ~100 thousand years
Westheimer F.H. Science,1987, 235(4793): 1173. -

Monoester: ~1 trillion

Phosphorus is irreplaceable !

Lodders K. The Astrophysical Journal, 2003, 591(2): 1220.
Tracey AS. Gresser MJ. Can | Chem, 1988, 66. 2570 39



Phosphorus Chemistry in Life Science

In 1871, Charles Darwin wrote to Joseph D. Hooker: “...... S we
could conceive in some warm little pond with all sorts of
ammonia and phosphoric salts, light, heat, electricity etc.
present, that a protein compound was chemically formed,.......

40
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already increased to $9.75/t in China

Grade Reserves Reserves Estimated year Production . : 5
(% P,05) (million tonnes) (%) of exhaustion cost ($/1) accompanied by a cut in the tax on low
grade rock to $1.62/1.
30% and above 1,660 9 2030 Mining license restrictions are
25-30% 2,255 13 2049 30-56 another way of limiting the extraction of
20-25% 2,730 15 2068 65-85 high-grade phosphates, and are already
in operation in Hubei, Hunan, Sichuan,
15-20% 6,010 34 2103 : ]
Guizhou and Yunnan provinces. Such
10-15% 2,190 12 2114 restrictions could be rolled out nation-
5-10% 480 3 2117 ally and further strengthened by intro-
2.5% 2,440 14 2127 dgcing mining guotas and mining zones.
High export tariffs and export quotas for
ot 17,765 phosphate rock, or even an export ban,
Source: CCM/Industrial Minerals are the main other policy options for the
Chinese government. 2]
50 www.fertilizerinternational.com Fertilizer International 471 | March-April 2016
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(Gabriel M. Filippelli, 2008)

e, RS BEMRRAS

RilRRIA

T | AR AL 9 K 3

2 [E

FRINE
FREE . SUERENNEREE, ESEENSIRE Y. .,



R E DRI

1. P ESRGHER

Evaporation

Q2 Overlan\d"\,h. —_

\I‘Iﬂczw pat{i\t\‘

“™R
A\ Precipitation

Z<Q6 Hyphoreic
Miflow path
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2, HFRESRABHEA

Dust Input:
(3.2 x 10" mol P yr)

Weathering

River Input:

(Particulate P: 30-63 x 10" mol P yr

Dissolved P: 0.6- 1.3 x 10" mol P yr)

Sea level

P Grazing Euphotic zone

Photosynth es‘:gg
Remineralization f

r Aggregation and
Sinking of POM

Upwellin . i
?E Remineralization

Anthropogenic Input:
Aerosols & Riverine
Discharge

(30-50 x 10" mol P yr')

Loss to Coastal Zone
99 % Particulate P
25 % Dissolved P

Sedimentation:
(9.3-34 x

Hydrothermal: 10° mol P yr)

(Paytan & Mclaughlin, 2007) (1.2-1.6 x
10" mol P yr')

47



B FESRGTEER

X BEAREIEMALENSENFRFHTL, 58

SRS
(1) 3&iFH

RETE

YR S R ) R B A A IR S8

i TR IR SRR ;

(2) &iFE5
Fom

ARG

i T ENII R LRENEERUS

(3) ERTUEH TN EFPBTEZNEYBKULFIENLL

SRR

R o

48






iRl = Ak AREAER
HY ;

o HREARFNEEBHIEE XA TR 0] /Y
itz

» R Tl R E NSRRI THU R MELE, I0E
SR BT SEin = R 1L

» WEENBRFERAMNE MR F R E{(E R

x=
B 32 AT 2R

50



kv \N
R4 [E
SPS
"f:r;: Q
4 ] % 2011
2009

e 2012
GLOBAL
PHOSPHORUS
NETWORK
INEMAD
e
‘l -
SERA-IT
2012

SCOPE NEWSLETTER

1990

FH

BN HOER

iR Rl B RREX ER R B RIFIE N

PRzt o< Y BB & 1E 414

GPNM 2015 ?
UNEP GPA 2016

(®) united Nations Environment Programame
- i -« fy

6 DEUTSCME

PLATYFORWM
2013
2015
P-RCN
2013 5{} ;
Ontario
CCME
by = -~ ot

2013

PRl S =

51



iRl F Ak REA R iR Z AV L

s EEBUFHIXRSERNTESR (BEM1E)
o [WMELPEEF, BELI~mEVE ML B F)BHR

|y SN
SRR EALRE (LRETAS) Fi FRERE T TRERTFETL GBMNAR)
D e e SRR FIRB L A SA NI REALRE BINAE)
(HERE) (BFFAZE) ERFR LR RN ASE)
WERHIAHIRAT (BERE) AU BEA R A 0 (B A2
o R B A 2T SRS AT ARTIIEHE L B K2R
Py YN
) 25 s )
T ks HON KBRS D GBI KZE)
BBV A I 5T e
HEETRFESL ()] y, K -
) : A | s | | £
BHLE S TREARN)IEE TES NN KRFEERE AR
RLE (U)IKE) T ommaERE e K < . o = (PEREKRE)
NK-RETRERT L i
JIK-FFRERYE T A & i
SIS ER #s w’.'.’ B ¥
' R R LA HLBT
= B . . : SR R A R S A
oy . = s er-rhts (MR TR
oM
GERE SR AN TEEFRE AN
AEWE MK oot WT
AN\ Y, FHBARBIID: (FRAP)
= "\
[EF F 8 E R - Ll X
ﬁiﬁﬁﬁ*ﬁﬂmlﬁ&* 8w L B RES R EEFEALRE (BT
RERKAE(L TS A MR TRRRE (HI1A%)
" LB AR BT LA L (HI1X)
(A B TR EE B RE LT Eh P ERRRAXRE
(b T K 2E) -
= WBIFAP) TR B L T TR L
Wi L THF7Ebe WA R i T BRI s I R RERLRE (IHEMEAY)
WAL R R AR b TR RFIZE D




iRl Ak REA SRR Z AV Rl

R AL =l BX BE A5

« ZAEMUHImWLERIKE (&%, 2018FE7H17H,
i IR A& il _hﬁkﬁﬁﬂm>

ﬁpﬁ W g it o) BitEEN TR
0 W % % 6 Wynca i

QD £ YAFUN 5k
bLrEfex SANNNG

mEERBAURARS MBI~ % REXEE




taiE R F A HRERER

BRF gk R

BNFUREXREGS

i =
& bR
{; %
£ z
i i
i i
nw [N

5

o
i
*
=
A
z

[ RlGarEEs

J
|

i wns () muTewns

BREHHIPERR : Alliance, BX& 75 FFhIERIA mimm#AT RIS BBk A A5 o EifA
AL, BERMESREE B AT DA A H B RS LI BE R R

54



iRl Ak A A SR A0 H PR FN TN EE

In B f0&8h,

EEEIESL, B

1. MBFEERERS: KNFMEEIRR

2. BiRtEMREES: BEFEMEH, ”iL

1% MR SRR R A A

3. BiRt=/olEREE: FARAR, EARREMIKER
4. BT ERER . Pk EEIR, SARBMELEE

5. MRlFEERRETIL: EEFIE, MEH
FHUEFN{RES, MG IE L FN4EdF

55



Rl F Ak REA BAV E2(ESS

1) ABRAIGIERHBE TR : ARIFFEBEXBE % RAYEBER
BREFFLALASENE ; SEAFARRIBI RN E BRES . EH#EL (BRER
PAPRTERR) , AEZREPEEX BRI ERBBHRMAE.

2) BRFTEIAFETIL: ARFMHBENEWRBRRHZTE. RHERESE.
AEA R ERAR AR NET %, MRIEEBBRRARTE A
o MHEXITUMKRBXIEEBRG R, XBEBENE, EHTL=ES
o

3) REEMNIIPBAIRMR: HEEFRARHIRRNFIRES . HA
1Tl hEERE ], BEEEAERES I,

4) BAUEPRE: BRMT® “BREERE" M “BMREERPL” , A
HERHIFRAIB SRS

56



HBRIZENGSEARAY t#120225:11)

© 0N o gk W=

(BIEBRY) , B4R
(B5ERLE) , RIEAR
(BECAERSENMAY , KT . B
(BSEamilE) , BED. KIm. X
(BSEailz) , =il B8, a#
(Bi5EZ%) , BRtr. EiEx. FREHA
(EBANZEMR) , BB

(B, RBEMEANA) , WMFIE, 5Kk
«ﬁ%%%%»,m$\ﬂg

10. (BERRMEIASFIA) , kKEE
Ji<%%l%%%ﬁﬁ%ﬂ%>,ﬁ%\ﬁmﬁ
12. (R FRFIASERE) , k@, skDuE. 88

— WETA LR, 448 B, X[ZFE

57



LSk

o FRAREL

0378/ RS EIN:

etenin  EMBRSHA —

18 3R Bk kAT R M 4w

BT ook 9 A% k ABF &
REHRE $EEXMETS
TEA LT re e Wk, RET
5 EF

V

AR %1 & Sl

58



LSkAS

+ M\ BTIREIEAHE)
Bl 375
“EfRiE; =

o FEAbAEHErTHR, K

- BR3S
RRo

E ]

EARRE,

KK, M-

A A AR R R, R
DERZAUGHE, ETEZEIR FRIEMEIX
WRURERYL IR

BB TR ARE .

EAPERER, &

S gk, XE

59



SEaniiRAVAT

H>,0, NH3;, ROH
Amino Acids
Acetic Acid

9 o
]
-o-P—N-CHC-0O"
| H &

N-Phosphoamino acids

Ni, F.; Gao, X.; Zhao, Y. F.; et al. Eur. J.

Org. Chem. 2009, 18, 3026
Ni, F.; Huang, C.; Zhao, Y. F.; et al. Green

Chem. 2009, 11, 569-573.
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| H2N (0] NaOH (o) NH
7/ “N\ Water HO
o o o R o} (o) R1 Kgc:(B
Ps;m Amino acid
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N
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Ying, JX; Fu, SS; Li, X; Feng, LB; Xu, PX; Liu, Y; Gao, X; Zhao, YF, Chemical Communications, 2018, 54(62), 8598-8601.



34y S ELES A0 aa— V-NMPS 49 3 R 1 34
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v

E561™)

aa-N-NLIP as- NCAMP aa- ANLGMP as- ALCIMP zz- AUMMP az- ACANP as- AMGMP as- AMCMP as- AMUMMP

aa .z [M+H]* [M=+H]* [M=+H]* [M=+H]* [M=H]* [M=H]* [M=H]* [M=H]*

Cal . * 49513093 511.1342 471.1281 472.1121 Cal. 534.1502 530.1451 510.1390 511.1230

Phe Exp. b 495.1393 511.1342 471.1280 472.1119 Trp Exp. 534.1500 530.1451 510.1389 511.1223
A ppim © 0 0 0.2 0.4 A ppm 0.4 0 0.2 1.4

Cal. 461.1550 477.1499 437.1437 438.1278 Cal. 461.1550 477.1499 437.1437 438.1278

Il Exp. 461.1550 4771497 437.1430 438.1276 Leu Exp. 461.1553 477.1489 4371433 4381270
A ppm 0 0.4 1.6 0.5 A ppm 0.7 2.1 0.9 1.8

Cal. 485.1298 301.1247 461.1186 462.1026 Cal. 304.1720 520.1669 480.1608 481.1448

His Exp. 485.1297 301.1247 461.1180 462.1015 Arg Exp. 504.1721 520.1668 480.1590 481.1485
A ppm 0.2 0 1.3 2.4 A ppm 0.2 0.2 iz 7.7

Cal. 479.1114 495.1063 455.1002 456.0842 Cal. 447.1303 463.1342 4231281 4241121

et Exp. 479.1114 4951070 455.0004 456.0847 Wal Exp. 447.1303 463.1343 4231269 4241123
A ppm 0 1.4 1.8 1.1 A pom 0 0.2 2.8 0.5
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