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SUMMARY
CEXDEY

Title : Development of cyclopropene derivatives as ethylene antagonist

Summary : The availability of fresh water is one of the biggest problems that could
be exacerbated by climate change. Agriculture uses more than 70% of the fresh water
in the world. Water tables are dropping rapidly in many parts of the world and will
continue to shrink as more land is converted to grow food and fuel crops. One of the
biggest challenges for agricultural biotechnology is to develop drought—tolerant crops
that can thrive with less water without impeding yield. It has been well-known that
1-MCP (1-methylcyclopropene) is one of the most effective ethylene inhibitor to delay
fruits' self-aging. The science behind an 1-MCP was originally discovered by Prof.
Sisler at North Carolina State, a leading American university for agricultural studies,
who studied the natural ripening process of apples in the mid-1990s. Now, 1-MCP is
known to be the most effective material to prevent ethylene to trigger ripening
process of picked fruits and vegetables. But 1-MCP exists in gas stage at the room
temperature and is not suitable for using in the open field as a ethylene antagonist.

It was Rohm and Haas who firstly developed 1-MCP storing method and they used
alpha-cyclodextrine to absorb each 1-MCP molecule separately to prevent
polymerization and it was commercialized as name of SmartFresh. and That Rohm and
Haas now are tried to develop new Ethylene antagonist with Syngenta and the project
name INVINSA which can be used in the field for crop stress protection.

We studied and developed 1-MCP generationg device after Rohm and Haas and also
stuied ethylene antagonist which is suitable for open field to lessen the crop stress.
The key idea behind this research and development is that if it has more molecular
weight, it can exists in the liquid state and be suitable for the open field. That's
because we synthesized LCCP(longer chained cyclopropenes) and tested the efficacy.
As far as we found out, our technology works for ethylene antagonist and

1-alkylcyclopropene derivatives we develop can be used for etylene antagonist.
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A1 & A7IEniA el TR

A1 A AR EA

ol & @l A 34| (Ethylene Antagonist)$! 1-MCP(1-Methylcyclopropene) ¢ 74§ A& 9] %3
o ZgstE TEEQ e 8-S gdstA dAstE AowE dEA gom't w=
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S71e3% oflddl AFA= 1-MCPE Hx=
F~ kel AlAE kel FEATE A = INVINSAZE Z 24
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E7F etk 20089 ¢ BAbE =AEE Y] 2EHAE WS 9dte] 53] a2 EE o
Wb AR ZE 1T SEALRRY FES MBSl F5E beddl 8] Al g%
5000 ©19 o1yl FANGE o FFHY FF ATE ASHYL AW 1-MCP A&
AW %R Bhel F4sh Sew Ha 359 4R 29 A0 o ysw vk ERsaE o
9wl 558 Bl -MCPE sl Asn dvhh Bed RelA Hs ES:

Wof thaja] JRA|EFar hrt. AR ] AL 9] Host-Guest Chemistry & Z8]= g
Z

4, a-AF2YAEH(a-Cyclodextrin) 3 o] s Avkgr Fddole)s 71 Adls
Q1E-#} (Host Molecule) ¢ =< 7+ o2 1-MCP 9 22 #& £4dE2} (Guest Molecule)
e
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b R ?:51_ pi
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Mesl sl bASA AAE 2 Ayt HR sk A7 o]l FEZHA(Complex)E &% X8
W ZstHo] o & 2R AI) a-AFREAEHS] FYFHOE HHE AW EWHA o] 9
A skar glwl 1-MCPE 3] £oldith. o] Ao A 1-MCP 7} ¥&5o] s4t&E9 <434
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Crop Stress Protection
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B ojage odaEAAg] EAZ oln & 4y 1-MCP:= A2 A= &4 slng d=
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Long Chained Cyclopropene : LCCP) FEAE /f@slarxl vy Hdl AF=22d {54
7F 3o ® 7Hxan e BobAS A (A Dimerize 3HS #3817 913Fo] Field o 4
237 A7 in-sitw E OHANIE Modele ATFEHEZ 3L, 1-LANFEZZA ATEAT)

W in-situ HAYA HA3E dy=d AU HAsh sa AAsAT
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Me OMe

ZF AreEd o34 9 % E4(NMR) DATA & va3 2.

@ (trans)-1-wlAd-1-(MEd 2D 2-(EGi LD S EZZ He] A4

100 ml 37 & Fehaao] vl 202 g# olE o H 2 30 mlE WHe7] Wil A A
BlolA, 2-8RRL23 63 g AAF 7hsted a@avds So4E Fvlsisith B ThE 100
ml 37 T FEhAAE, SWBTE YA ZueA HEHEIV) o]hZ 2 EAbe] 10.7 g3t
ndEZWEds 37 ¢& 718ta, 9A F)E s g8
ct. 133741 ﬁ%‘ﬂ]ﬂ HFo g ol 50CE 71A3 AeolA 2 A7 Bo AxA wmukdt & ouks
£ )

[€)

&g s 20T 2 7} e Ma}q]/q r)r A1
1A 1 AzE o AAFA kst wkg %ﬁ% ’E,L o= 7d3d
7bsk ohs, ol & Aol E(Celite)E AFE3te] o #3tar Aglo]EE 20 mld OﬂEﬂEE‘ AF-&
5} AT Af3te] AlFEE . ol#A A AEF AHfRE FFEE(MgSO)E AE-S)
o ZAZxs 5, o]& 30T olste] A2eA &ulE TFIFoEN FHAHT o HEsHAS
Abg3Fe] (trans)-1-Wl A -1-3| =S A -2-(EgWg AN F 229 |

(trimethyl -silyl)cyclopropane}s a=F38FA £ 8th.

jud

2,

mlm

rO"

1-Benzyl-1-hydroxy-2-

[ "H-NMR#% “C-NMR |

"H-NMR (DMSO-dg,6): 7.308 (2H, m, J=1.6, 7.2Hz), 7.259 (2H, m, J=1.6, 7.2Hz), 7.172 (1H,
m, J=1.6, 7.2Hz), 5209 (1H, s, b), 2988 (1H, dd, J=1.2, 14.8Hz), 2539 (1H, d, J=14.8Hz),
0.832 (1H, ddd, J=1.2, 4.0, 11.6Hz), 0.508 (1H, dd, J=4.0, 8.4Hz), 0.000 (9H, s), -0.022 (1H,
dd, J=8.4, 11.6Hz).

BC-NMR (DMSO-ds,6): 140.839, 129.973, 128464, 126.336, 59.116, 43.047, 17.332, 14.341,
0.000.

@ (trans)-1-2-s 2ol E)-1-(MEL 2 d S ) 2—(EWE AN F 22209 ¢4

A el Eoi], SRS et T o el 28 AB S (trang 1A e )10
€} D-2-(EgiM @A) EFzz2ns A5, 'H-NMR#H “C-NMR & th&-3 7t}

X
Eil
Jto
N
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[ "H-NMR#% “C-NMR |

'"H-NMR (CDCl3,6): 7.1877.33 (5H, m), 2.8773.04 (2H, m), 2.932 (3H, s), 2.585 (1H, m), 1.719
(1H, m), 1.308 (1H, ddd), 0.716 (1H, dd), 0.440 (1H, dd), 0.000 (9H, s).

BC-NMR (CDCls,6): 141.367, 128.447,128.395, 125.954, 70.696, 39.770, 37.015, 32.480, 14.921,
12.843, -1.194.

@ (trans)-1-G-d 2 z2d)-1-(MEE L d5A)2-(EgrEdE)NN =z 22309 A

9 Rl F8ke, 4-dEdFEmeqt WY o AHEE AL (trans)—l—(S—iiWﬁ?n%)—l—
(e YIS A 2-(EgWEdE)S 43, 'TT-NMR¥} “C-NMR & th&-3 2}

[ "H-NMR#% “C-NMR |

"H-NMR (CDCls,8): 7.2677.31 (2H, m), 7.1577.20 (3H, m), 2.900 (3H, s), 2.677 (2H, 1), 2.186
(1H, m), 1.8572.06 (2H, m), 1.432 (1H, m), 1.312 (1H, ddd), 0.647 (1H, dd), 0.435 (1H, dd),
-0.003 (9H, s).

BC-NMR (CDCls,6): 141.878, 128411,128.368, 125.804, 71.191, 39.895, 35.389, 34.427, 27.865,
14.914, 12.999, -1.287.

@ (trans)-1-(4-s@F-E)-1-(MELd 2 d 5 ) 2—(EWE LD AN Z 22209 ¢4

ML
4m
Y
—
PN
=
uu?

9 W) F8lo], S5-FdHE =i HE o AEH2E ALE3F] (trans)-(4-F
Ay deA)-2-(EgvEgdanZzzads A7, 'H-NMRF} ®C-NMR & ‘jr'%jﬂr Fdg=4

[ "H-NMR#% “C-NMR |

"H-NMR (CDCls,6): 7.2677.31 (2H, m), 7.1577.21 (3H, m), 2.895 (3H, s), 2.646 (2H, t), 2.183
(1H, m), 1.6271.76 (4H, m), 1.460 (1H, m), 1.317 (1H, ddd), 0.654 (1H, dd), 0.481 (1H, dd),
0.053 (9H, s).

BC-NMR (CDCls,6): 142.298, 128.393,128.282, 125.714, 71.189, 39.866, 35.779, 34.893, 31.114,
95.718, 15.057, 12.778, -1.187.

® (trans)-1-G-A AL -1-(MEL 2 d S ) 2—(EWEL DN Z 22209 ¢4

o] =3k, 6-Fld Al Al vE o AHEE AFE3F] (trans)-1-(5- Jﬂ g)-1-(H
AT JEA)-2-(ExdEdHAZ2 L2 RS A3, 'H-NMRF} “C-NMR & ‘:]r'%jﬂr 7

= = =2

L fo

[

[ "H-NMR#% “C-NMR |

"H-NMR (CDCls,6): 7.2677.31 (2H, m), 7.167.21 (3H, m), 2.945 (3H, s), 2.631 (2H, t), 2.183
(IH, m), 1587173 (4H, m), 1.357146 (3H, m), 1.317 (1H, ddd), 0.664 (1H, dd), 0.479 (1H,
dd), 0.074 (9H, s).

BC-NMR (CDCls,6): 142547, 128.371,128.235, 125,622, 71.319, 39.922, 35.816, 34.979, 31.347,
29.006, 25.997, 14.953, 12.844, -1.172.
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NAE|2E AFE3Y] (trans)-1-(3-3F| A Z &
22z d9a, 'H-NMR#} “C-NMR & vt}

[ "H-NMR#% “C-NMR |

"H-NMR (CDCl3,6): 7.277 (2H, m), 6956 (1H, m), 6.867 (2H, m), 4.040 (2H, m), 2.971 (3H,
), 2382 (1H, m), 2.0472.21 (24, m), 1.700 (1H, m), 1.336 (1H, ddd), 0.693 (1H, dd), 0.540
(1H, dd), 0.093 (9H, s).

BC-NMR (CDCls,8): 158761, 129.420, 120.624, 114.340, 70.745, 66.495, 39.926, 31.378, 26.000,
14.914, 12.903, -1.237.

@ (trans)-1-(4-s =5 A1 F-A)-1-(MEEd 2 d S A )-2-(Erd dE)r SR L 20| 94

¢ "ol F=3te], S5-dmAgE A WE o AHEE ARESFY]  (trans)-1-(4-¥] = Al 5
)-1-(ded yd e ) o-(Egvadehgazrza RS A9, 'H-NMR#} “"C-NMR < t}
et v

[ "H-NMR#% “C-NMR |

'"H-NMR (CDCls,8): 7.275 (2H, m), 6.894 (1H, m), 6.867 (2H, m), 3.989 (2H, t), 2.952 (3H,
), 2258 (1H, m), 1.7771.92 (4H, m), 1511 (1H, m), 1.347 (1H, ddd), 0.679 (1H, dd), 0.520
(1H, dd), 0.083 (9H, s).

BC-NMR (CDCl3,8): 158.926, 129.402, 120.564, 114.426 71.101, 67.451, 39.916, 34.768, 28.958,
22.840, 15.045, 12.846, -1.185.

(trans)-1-ME-1-(MEL 2 d S ) 2—(EWEAD) A S 22209 A

[ "H-NMR#% “C-NMR |
"H-NMR (CDCl3,6): 2.955 (3H, s), 2.152 (1H, m), 1.2715 (8H, broad m), 0.903 (3H, t), 0.652
(1H, dd), 0.485 (1H, dd), 0.066 (9H, s).

BC-NMR (CDCls,8): 71.469, 39.948, 34.983, 31.586, 25.844, 22.596, 14.961, 14.012, 12.842,

-1.182
S
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[ "H-NMR#% “C-NMR |

'"H-NMR (CDCl3,6): 2955 (3H, s), 2.148 (1H, m), 1.271.5 (10H, broad m), 0.888 (3H, t),
0.653 (1H, dd), 0.485 (1H, dd), 0.068 (9H, s).

BC-NMR (CDCls,8): 71.495, 39.959, 35.049, 31.750, 29.081, 26.126, 22579, 14.973, 14.034,
12.872, -1.176

(trans)-1-$E-1-( e X LG A2~ (2el e 222

34

Ll

3

[

9l W] F3le], wuywolat HE o AEHZE ALY (trans)-1-2E-1-(MEA IS
A-2—(ExW@ e ZFE 208 A3 T-NMR#H} “C-NMRS th&3 7t}

[ "H-NMR#% “C-NMR |

'"H-NMR (CDCls,6): 2.946 (3H, s), 2.143 (1H, m), 1.5371.65 (2H, b), 1.403 (1H, m), 1.2371.35
(11H, broad m), 0.871 (3H, t), 0.645 (1H, dd), 0.476 (1H, dd), 0.060 (9H, s).

BC-NMR (CDCls,8): 71453, 39.959, 39.923, 35.007, 31.799, 29.494, 29.385, 29.202, 26.132,
22,617, 14.941, 14.059, 12.822, -1.203

3 1-dIXNERZEA A dFELY 3 =10 HAg)
o] W& AAZ A#HI}Y] HaAE 4 A7 e v At vtesAds nEEd 28
7F ki sk mebA, AAA e wRHeE dig ALE 7hedt A schemes TA
A3te] AFEH A schemes FH3F ]
Ro
R R3
« L )“i Ti(O'Pr), Si<
Si or, I —11 R
N N CITi(O'Pr); PO~ 1\ )
4 O'Pr
R, R,
OH Ry OMs Ry
RICOZEt Rs MSCL TEA Rs
R4 Ry
a9 4. A7EE SRR H A
EE wEold AFEAS ez AAA AL B AAV) 7lsd A4S ¢ Adst
a2b vk o), AAE Mesylates .t 2-Trimethylsilyl cyclopan-2-o0l& Aoz A4
A WA Age BAS AHE A At ol AMAA H}AS e uw FEF oA 7}
ok Bulb oyl A Ad Ai}E MesylatesH U= 2-Trimethylsilyleyclopan-2-ol9] 7%l
AAAl & HeE AL AT F AT UA EAZ F 1459 FEA v 2AZ AE
e B vEa 2o

_14_



7f A2 T =4

No. ER-HCCP-02 No. ER-HCCP-05 No. ER-HCCP-08 No. ER-HCCP-06

OMe

OMe

OMe

Compound ER-HCCP-02 ER-HCCP-05 . ER-HCCP-08 ER-HCCP-06
M.P. ~30C < 10¢C < 10¢ < 10T
Re-crystallization
Vield 17g / 100g 25g / 100g 50g / 100g < bg /100g
ie
Efficacy Confirmed Not Yet Not Yet Not Yet

v AZA 7Hegk s13EE29 NMR DATA
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1-¢ZAEF2229 1.0 mM 59 AFS Fudth o] & oo wpela 1 7 100 vl =

Al 2 E BAFAE 722 2 7|9 AA B/ ERES AAE Al

el A A

ok 2xRAe oA Wgye] & BAolnz 1-2AH
ZzaH AT = N

=

= =
A3} Activator (B40|2)E in-situ 2 WFSAIA A IR st F

al

=

2o

ote) Aol wetba] AFEA Y ActivatorE S-3HA] 7] 9 A]
o

v

1A lto] Aot SR EA HAel 9 S dnd H A AT
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A elA @ FAHE T, surfactant (Sodium dodecylbezenesulfonate, Tristyrenylphenyl
(ethoxy)iz ethanoD®r oA Hegh a3 oFEE vlaste] Bk iy HYS EvfE=R
ARSI, EvE(Tomato)s= A% §-& O] B dom AAYY] AAE EviEE HEs
of 733t thE, 4 A 3 22 Ijoja] A7) AT, HET (surfactant), A2 THE FE 9
gl 1 (100 pM), Aga" 2 (1.0 mM) 5 4 7 o2 VFAdoh A Axg AP e oFA
E 7HAE Y718 AMESte] EvtE ® L% = Ad AR Aestas A (25 7 30C)el
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1. 32 259 A AAlo) u X += Cyclopropene 3% 2 &3}

7} 1-MCP9] 32 A7d &3

& =)ol S83ke] 0, 1, 3, 9ppm BHEE] 1-MC
A A 2ANFES A G 20T Fexddd AsuA 29 dAow 2
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(1) Ethylene A4 9 59 vA& 93

ErE A 1-MCPE 1, 3, 9 ppm v 52 g F 169 B9t ethylene B4 F3 55
S =A% A3 ay-13 2o] 1-MCP |7} ethylene A3} EFFE A3 g2y
A& g5kt 53], 16949 ethylene A4 A= 1-MCP X9 vldste] F7std o
(L¥-13A), &= 455 FAE vl 1 ppm ©]742] skolA w52 Ao] §lo] 58
AA 3] FFAaAZHTHLE-13B).
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(A) (B)
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o

—&— Untreated control
—o— 1-MCP 1 ppm
1 —%— 1-MCP 3 ppm
120 { —¥— 1-MCP 9 ppm

—e— Untreated control 160 -

—o— 1-MCP 1 ppm
—v— 1-MCP 3 ppm
—v— 1-MCP 9 ppm

L

v T v

2 4 6 8 10 12 14 16 18
Storage duration (days) Storage duration (days)

29 130 I-MCP A w=d EviE G AZ7]Fe] wE ethyleneH(A) 2 ZFFHB)2

ke

-
o

-

&

o

100 1

N H
8 8 8
e

Ethylene (uL kg™ h™)
[=2]
Respiration rate (mL kg'1
[2]
o

o

o

2 4 6 8 10 12 14 16 18

o
o

(2) A% Aol F4o| mlA= 3

Btk o] 1-MCPZ 1, 3, 9 ppm %% A3 & 169 F<F A= (Hunter ‘a’ value)<}t
16 2kel] EvtE HAe] Axet dEE A 43 27139 Z2dth

Ao glojAE HEYFE 16€ FoF 1-MCP A g 7oA hunter ‘@’gte] A F-wtt & A3
ko Ay wRitdle R Tkl wE FAAMRTE SdAN 2 Xol= AT
-14A). HE5 169 A el - AnEdE FAS 23 Axdd oA 1-MCP Az 77F 4
TE Edott HYy w2 F94Q Aol= Gl AR BAEHJTHIFE-14B). ¥

FAE T 2EY] o)Al Aol Y TH L E-140).

g A-9¢E 1-MCP z%a%lsa} A
(A) (B)
30 30
—e— Untreated control
© 20. —* 1-MCP1ppm 25 1
3 —v— 1-MCP 3 ppm ? —_
g —v— 1-MCP 9 ppm Q E 20
o 10 7]
- (]
— o 15
£ £
c 01 L
E <g = 10
10 ; 5
0 2 4 6 8 10 12 14 16 18 0-
Storage duration (days) Control 1ppm 3 ppm 9ppm
) (D)
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Soluble sugar content (°Brix)
w

Control 1ppm 3 ppm 9ppm
19 14 1-MCP Aelgid Evtie HAAE(A), FEB), FEC)9F 1-MCP A5 1693 =
vz whe] B4D)

H = 7
Hayoy I SHFI}E FRol ugl FUlElE Ao oy & Aol gtz
-14D). 2 A¥E nwgro g LCCPY EwnE 324 AFA uwx= 1
1-MCP H# & dx72 AAG 72 FA d2sAd)

. Long chained cyclopropene (LCCP) 3}3-&9] 342 A &4 &3

=2 a9le] WMEE A A3 ug3t Zokuh
(1) PPCP (1-(3-Phenylpropyl)cyclopropene)®] 32 #&4A &3}

Foll MAE 9P
Z)E 1, 2 ppm, PPCPE 2, 4, 8, 16 ppm s == A3 & 8 A &
Z=A3 Ay 28-143F Zo] PPCP2t 1-MCPA 3= ethylene
A AT} PPCP Al FAeeh vlwste] 2 ppmol A T34 o
= ethylene A4 A ALe™ 1-MCP 1 ppmol A BT %& ethylene 74 o] 4 =31
CHL®E-15A). &R HA% PPCP Aol me #AAad= 2 A 8 ppmelAl ztele 2A] &
ko) A 3 4dxto] 16 ppmoll A el E3E 8 ppm oldtoll A Kt FA A xFol7 9T

& AoA= AP F 8A A PPCP A #li= 2 ppm ©]dolA T2 zko] glo] FA g
o} 35 FES AAAHOoHW 1I-MCP 1 ppm M HEUY 35FS FAaA7|A v (g
-15B).

(7}) Ethylene 84 % &
EutE 2ol 1-MCP(t
¢t ethylene 43 3
Al T5Es A
=
&

(A) (B)

_25_



< 160
> —@— Untreated control = —&— Untreated control
—_ —@— 1-MCP 1 ppm < 140 - —&— 1-MCP 1 ppm
e 4 —¥— 1-MCP 2 ppm 2 —¥— 1-MCP 2 ppm
I —w— PPCP 2 ppm - 120 —¥— PPCP 2 ppm
o —&— PPCP 4 ppm £ —&— PPCP 4 ppm
<, —8— PPCP 8 ppm = 1001 —8— PPCP 8 ppm
:I% —4— PPCP 16 ppm % 80 1 —@— PPCP 16 ppm
L .
£ 2] c 601
o 2
> = ]
£ 11 & 4,
w _— Q 90
(7]
r (&)
0°¢ ; , , Y O . . . . .
0 2 4 6 8 10 12 0 2 4 6 8 10 12
Storage duration (days) Storage duration (days)

19l 150 1-MCP (W z)9 PPCP A ¥ ¥&¥ EvtE 3 A7) kel we ethylene Y4 (A)
R TEFB)Y W}

() A e w4l vAes FF

EvlE A2 1-MCP(WHZ)E 1, 2 ppm, PPCPE 2, 4, 8 16 ppm 5% A3 & 12¢ &
oF A% (Hunter ‘a’ value)?t 124 3o EvlE Ao AL YrE zAe Ay 18-169
2okt

P ol 49 PPCP A= g F 129 F<F hunter ‘a’gte] X 7Yy dAA3 vkom
A2l & 6247kA= PPCPSF 1-MCP A2l 3b #po]7} glfl o 8dats-¥ PPCPSt 1-MCP A
g FEZF zol7F YESUHILE-16A). 53], A g% 129 2tel= PPCP 16ppm<- 8ppme®]3fell
AET FASA e ANEE FA5 e 1-MCP 1lppm¥t & #fo]7} glsivth

Al 129 Akl A ARE AT A Ao JdojAx PPCP A= FAgxr dA s
A F=kow PPCP 16 ppmolAl 1-MCP 1 ppmelZd3t ¢4 ¢l 2Fo]7t glo] %2 AEE e
WrHZE-16B). WhHe] @ree] A -$-i= PPCPS 1-MCP % FA g 71e] {42l o)== gl
ATtz 7 -160).

4

(A) (B)

60 —@— Untreated control 30

—@— 1-MCP 1 ppm
—¥— 1-MCP 2 ppm 25 -
—%— PPCP 2 ppm

[}
% 40 1 —=— PPCP 4 ppm = 20 | T
> —&— PPCP 8 ppm ~
© —4— PPCP 16 ppm a2
. O 15 -
o 20 c
€ £
> .= 10
T T L
01 g 5 -
o 2 4 6 8 10 12 0
. Con 1-MCP 1-MCP PPCP PPCP PPCP PPCP
Storage duration (days) 1 ppm 2 ppm 2 ppm 4 ppm 8 ppm16 ppm
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Soluble sugar content (°Brix)
w

o

2
& .
i
¥
3
oo |

Con 1-MCP 1-MCP PPCP PPCP PPCP PPCP k. o Ko
1 ppm 2 ppm 2 ppm 4 ppm 8 ppm16 ppm
1% 16. PPCPe 1-MCP A el =¥ EvtE A E(A), 4=B), 3=(C)2 PPCP9 1-MCP

A2l 5 1293 Evte o] B5(D)

N

THHo® PPCP= 2 ppm®] s=oAR EvtE 349 AFAS dAA8 SAA7T|= AR
daEon o FRAEIHE Lo ug F71etE Aol o) PPCP 16 ppmolAl 1-MCP

ppmet Z2e THE YEFITHIIE-16D).

—_

~~

2) t}ok3t Long chained cyclopropene (LCCP) #-3%¢ 2 AAA &3

(7} Ethylene 474 2 Tl A= &
Evte 3l 1-MCP (Hx)E 0.25, 0.5 ppm, PPCPE 05 ppm, POPCP (1-(3-Phenoxy
propylcyclopropene), MPECP (1-(2-(4-Methoxyphenyl)ethyl)cyclopropene), OCP
(1-Octylcyclopropene)E 2 ppme] F== X3 & 32 ¢ &< ethylene A FH TEFFS
3 Aat O9-173 72Eo] LCCP9 1-MCPA #li= @ $ 84 x}71A| ethylene A &3 &
TS A3 7ZFAAAT. Ethylene A4 %9 4% PPCP gy Fx¢ 9k vaste] 0.5 ppm
T 53H 0 R ethylene B4%FS AaAF 2w POPCP9 MPECP % OCP AHE %A 2
ppme FEolA FAH7 v #FAE ethylelene A %S veHY. v PPCP, POPCP,
MPECP, OCP #2]¢] ethylene 44 #-& 1-MCP 0.25 ppm ©]/Joll A Bt} = dtH( 19 17-A).
T 4%+ PPCP, POPCP, MPECP, OCP A= A b x}o] glo] FHg thv] ZF%F
=AY F 16¥8A A7A @A HAAATG(LEIT-B).

(A) (B)
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—
12 —@— Untreated control ‘:= 140 | —8— Untreated control
- —e— 1-MCP 0.25 ppm - —8— 1-MCP 0.25 ppm
‘T-c 10 - —@— 1-MCP 0.5 ppm D 120 | —@— 1-MCP 0.5 ppm
- —@— PPCP 0.5 ppm = —e— PPCP 0.5 ppm
'D 8- —@— POPCP 2.0 ppm TEI 100 - —@— POPCP 2.0 ppm
i~ —®— MPECP 2.0 ppm E —®— MPECP 2.0 ppm
_jl- —@— OCP 2.0 ppm ‘9 80 1 —@— OCP 2.0 ppm
= ©
a, |
c c
2 o
= =]
£ £
1] o
0
[}
(14

Storage duration (days) Storage duration (days)

g 17. 1-MCP (1 x)9F LCCP Ay =¥ EutkE 32 A&7|7ke] uE ethylene A
(A) 2 TE5HB)Y W

() A e w4l mlAE 9

1-MCP (tx)E 0.25, 0.5 ppm, PPCPE 05ppm, POPCP, MPECP, OCPE 2 ppm¢ %L &
g e 5 164 xte] EviE 3ol AT (Hunter ‘@’ value)?t A% % 9= 2AS Ay 2
H-183 Zeith

4w e] 49 LCCP A9 hunter ‘a’gko] A uch @A 3] w3koy 1-MCP 0.25 ppmo]
Fuoh =74 Uebsi e MPECPE Al9ldtal PPCP3 POPCP % OCP X2zt ZFol7F giich
(ZLH-18A).

el Aol LCCP A7k FA2un wete™ 1-MCP 0.25 ppmo| /it WA YERsiTh
(719 -18B).

v @ Rol A= LCCPY 1-MCP ® x4 28] 79 4¢l Afol&= gldvh (2 -18C).

O>’

(A) (B)
30 30
25
o 20 (?)
= —
Tg 7 Z 20
0
- 10 @
- o 15
T c
£ E
3 0 = 10
5<
-10 1
T . 0 -
Q o 2 2 R N Q o 2 e © =
%‘v’@%@%\"’v’%v’%%% % 22 %92 %= 9909%0%%
2% 9% %% 0%0%"° 50 2.0 2% 209537
2,° B T B 9° 0 9 B
) (D)
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% o ! 2 -MZF JRPC
% Y 10 B ppr WU g

a8 18 1-MCP (=)
9} LCCP A el+ 16Y %}

4 o2 PPCP, POPCP, MPECP, OCP+ EvwtE Aol AAAHE S3A 7= Aoz weof
O A AEE 1-MCP 0.25 ppm > PPCP 05 ppm > POPCP® OCP 2 ppm > %
Ay oz =4 kA cyclopropeneAld 3t =S EviE A Aoz EvlE

FA9) F5S AAND F Y& AP HIA18-D).
2. 57|19 A& g Cyclopropene 3}8%29] &3

7F EntE uv]lx &= ok

(1) 5<7] 1-MCP # ¢ ¢ &3}

EvE(FE £8)5 2Ax7dA Auste] A Aol 40 mm ©]<Q] HAo] Al 289wt &
5% 7] (mature green @A (F)olFHlo] L ElAZEH A AR gk 1-MCPE HAA|
I-MCPZ 0, 1, 3 ppm 552 Dz 24A7F E¢t Hgld & 30/20°C(s/3) &4%

oA 30U KA F EvhEe Hu A, 23, B[, AFLFE 5 AW
2919 MBS Ao FAE, A, 474 59 B4 89 WS 2AF P vt 2

Ho AL M

o,

(7h dRE AFel vA = G
EntEe| 1-MCPE 0, 1, 3 ppm &% Aelgk & 309akel xARSE A 1¥-193 ol
1-MCP A2l 2, 73k, o) A4 g ol glojA FAel ek Apol7h glolew 3
ppm ©] 3ol A s Aol F-AAQ dde 7AA ee FAsAT

(A) (B)
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Control 1-MCP 1-MCP Control 1-MCP 1-MCP
1ppm 3 ppm 1ppm 3 ppm
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Fruit size (mm)
3

Fresh weight (g)
8 8

20

N
o
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o
o

Control 1-MCP 1-MCP Control 1-MCP 1-MCP
1ppm 3 ppm 1ppm 3 ppm

19 190 1-MCP Aeled Evte Zap(A), 7eB), FE443(0), dd=De A2 F
0L Ak At

w29 193 o] 1-MCP AHEE EvtE 92 fE543aHSPAD value), 334, =4
AojA FA e} xfel7b glle™ 3 ppm o]t A 7R FFAAFA FAAR FIgFE 7| A F]
koS el A,

(A) (B)

_30_



-
o

30
25 o
s f
S 20 L=
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51 T
0 0-
Control 1-MCP 1-MCP Control 1-MCP 1-MCP
1ppm 3 ppm 1ppm 3 ppm
(®); (D)
2.0

Plant height (m)
> n

e
o

0.0 -
Control 1-MCP 1-MCP

1 ppm
Ppm 3 ppm 3 ppm

28 19. 1-MCP H#gsrnd EBEvlE 9o =4 3HSPAD value)(A), BFAB), =273HC)¢}
1-MCP A3 30¢€4 EviEe =5(D)

() 32 FAe v x= G

I-MCP 2] ¥ 30d %] =8slo] Evle e A= (Hunter ‘@’ value), 4%, H2E %
AeE A¥ ' -209F 2T

Ao 9lojaE= 1-MCP 3 ppm A #olA] hunter ‘a’gto] Fxeuvt A3 wEgkor} 1
ppmeol A= F-H ek xol7h fIATH R -20A). PR A E A% 1-MCP 3 ppm® A%
= FAYEG 2ot 1 ppmol Al ZFol7k IAVHILE-20B). ®Whel Fie] A-4-= 1-MCP
Aok F-H g kel folAl Aol UATHFE -200).
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(7h @uk Aol v A= G

EutEd 1-MCP (tf%)¢ PPCP, POPCP, MPECP, OCPE 3 ppm 5= g3 & 18U =}

ZAbeE Ay 29-213F 7o) PPCP, POPCP, MPECP, OCP A #i= <= 73k, e A
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2CH| 5mag/kg 5omgkg 300mgiag 2000 mafkg

A3 AZIA DA A7) AL o] - oF AXZEel ALRE il
N@EAd tet SR ornz BARY NAEHE 300 mgkgo 2 AAs)
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0omgkg SEE AEE MAS= 27 Al B

300mgfkag 2000maikg

158 Smg/kg Somg/kg
30R| 302 30t 30t2|
S| B | | e

3 0t2| 3 0f2l 302l 3 0kl

X & | (B

aHs| PMEIDalL | 3wiDel2 3l D2l 3 sl D2 4 316 D2l 5
=0-5 »>5-50 = 50 - 300 = 300 - 2000 > 2000 - 5000
1 1
4 + ¥ ¥
1EEM S0rmg g 1EHH 300makg
== e I e 2o
r
v R | o5 | a0 | 50 | 200 | 300 | 500 | 1000 | 2000 |2DDD ol |
(mafka)
CEH A0S AHEE ALE (BHE 4, 278 HE CILEEY ZHEHOA AR (S EARED) HH 2

- GHS ¢ Global by Harrmonized Classification System (mgfeg bow)

Eoga Eojdw FE T UIAHE

TR (mg/kg; (mL/;igO) & A e
Gl 194 300 5 3 (2101 ~ 2103) sl
G2 2%HA 300 5 3 (2201 ~ 2203) sl
G3 394 2,000 5 3 (2301 ~ 2303) sl
G4 4A9A 2,000 5 3 (2401 ~ 2403) ST
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2160 =
Fogd 0Y)de Fol 5 308, 1, 2, 4 & 62740 e (54459 &4, 2d
A71, 3 5A7] 5) R OANERTE ST Fof  1Y9RY UE7AE Y 13 o
WS A-& #Est )
(1) Az=54
AL FAGH (Fof ), Fof £ 1, 3, 7¢ & 4L (F-HHd)el 83
(2) 4
#AA7F TH OF, B 8 dElA COAE SUAA widlsoAa WEHso
QrerAAl 7] 3L F-4A 33
vl GHS®] Category ¥+
Z ALl AbdRAY AstE Edlz, HFRARd wEkA  Globally  Harmonised
Classification System for Chemical Substances and Mixtures (GHS)2] CategoryE -+ 3}
AT,
3. A% 43
7F AR
T27)17F &9k 300 2 2,000 mg/kg Sl A AbdEl= BEE A ek
Table. Summary of Mortality
Step / No. of Days after dosing Mortality
Dose (mgkg) ~animals o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 (deadltotal
Step 1 0%
300 3 0 0 0 0 0 0 0O O O O O 0 0 0 O 03)
Step 2 0%
300 3 0 0 0 0 0 0 O O O O O 0O 0 0 O 03)
Step 3 0%
2,000 3 0 0 0 0 0 0 O O O O O 0 0 0 O 053)
Step 4 0%
2,000 3 0 0 0 0 0 0 O O O O O 0 0 0 O 053)
LGS A
300 mg/kg & HA HHAH (mucous stool)o] Fo T 2 T 6A7H 1 T 28], Fo] T 1Y
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Table. Individual Clinical Signs

Step / Animal Clinical signs Hours (Day 0) after dosing
Dose (mgkg) ID 0.5 1 2 4 6
Step 1 2101 - - - - -
300 2102 Mucous stool - - + - +
2103 - - - - -
Step 2 2201 M ucous stool - - + - +
300 2202 - - - - -
2203 Mucous stool - - + + -
Step 3 2301 - - - - -
2,000 2302 - - - - -
2303 Mucous stool - - - - +
Step 4 2401 M ucous stool - - - - +
2,000 2402 Mucous stool - - - - +
2403 Mucous stool - - - - +
Step / Animal Clinical signs Days after dosing
Dose (mgkg) ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Step 1 2101 Mucous stool + - L Lo oL oo
300 2102 Mucous stool + - . oL Lo
2103 Mucous stool + - - - - . ... ..
Step 2 2201 Mucous stool + - L Lo oL oo
300 2202 Mucous stool + - . oL Lo
2203 Mucous stool + - - - - - ...
Step 3 2301 Mucous stool + - Lo Lo
2,000 2302 Mucous stool + - . Lo Lo
Soiled perineal region + - - .. ...
2303 Mucous stool + - - - - ... ...
Soiled perineal region + o+ - - - - ..o
Step 4 2401 Mucous stool + - Lo Lo
2,000 Soiled perineal region + - - - - ... ... L
2402 Mucous stool + - .- ...
Soiled perineal region + - .- ...
2403 Mucous stool + - .- ...
Soiled perineal region + - .- ...

-: No observable abnormality
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8. 25. Body Weights (Step 1: 300 mg/kg)
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¥, 26. Body Weights (Step 2: 300 mg/kg)

_43_



400

300
)
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o o —0
2 200 gﬁf o
-
2 - —0—2301
100 —Aa—2302 —
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O 1 1 1 1 1 1 ]
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Days after dosing (day)
¥ 27. Body Weights (Step 3. 2,000 mg/kg)
400
300
C
- L —I%
5 %55::5 ——
200
Z
< i —0— 2401
100 —a— 2402 —
i —=— 2403
O 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
0 2 4 6 8 10 12 14
Days after dosing (day)
¥ 28. Body Weights (Step 4. 2,000 mg/kg)
g ord Rad
3], 300 2 2,000 mg/kg & A A Fe4] o] AALS BEE A FUTH
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Table. Individual Necropsy Findings

ls)t(fl;e/(mg/kg) Arllgnal Organ Necropsy findings of Za};lr)iff:ice of slz?:r}ilfice
Step 1 2101 All Unremarkable findings S 14
300 2102 All Unremarkable findings S 14
2103 All Unremarkable findings S 14
Step 2 2201 All Unremarkable findings S 14
300 2202 All Unremarkable findings S 14
2203 All Unremarkable findings S 14
Step 3 2301 All Unremarkable findings S 14
2,000 2302 All Unremarkable findings S 14
2303 All Unremarkable findings S 14
Step 4 2401 All Unremarkable findings S 14
2,000 2402 All Unremarkable findings S 14
2403 All Unremarkable findings S 14
* External surface and organs in body cavity
S: Scheduled
ol AE
= Aol =7 A ERB-12-PPCPe] o] ek H4 A7 Foigk 23, Globally
Harmonized Classification System?] # -+ ‘Category 5% #7383t}

=]

SRR

il

=R UINIRG
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2 B oM ZRA FEAJFES AT 54710l A
g o2 HAFe wvl2ded 288 A=
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Table. Select Agrobiotech Deals

Company Company Description
o Syngenta and Anhui agree to 8-year research
Anhui Rice . .
. collaboration on drought tolerance and nitrogen
Syngenta Research Institute . L. )
(China) utilization optimization in key crops such as corn and
ina
soybeans
Brazilian sugar research center CTC and BASF partner
BASF CTC(Brazil) to develop genetically engineered drought resistant
sugarcane
Ben—-Gurion . L )
Bayer . . Ben—-Gurion will identify drought tolerance and stress
. University . .
CropScience resistant genes in plants
(Israel)
Huazhong

. Collaboration to develop novel traits such as higher
Agricultural . . . .
Monsanto ] ] yield, drought resistance &  nitrogen utilization
University

. optimization in key crops such as corn and soybeans
(China)
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