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1-1 Introduction i §— i 5
. - . methamidophos . O O E
What is pesticide? R S 3 o

In Japan, of course, a series of chemicals are calssed as pesticides by law
Moreover, also food (NaHCOj3, binegar), some insects (bees, beetles, bugs...),
animals (ducks, carp...) and bacterium are classed as pesticide by law.

However, in Japan, methamidophos (Tamaron(c), Monitor(c)), DDT or
another poisonous chemicals are not classed as a pesticides.

There are large gap between pesticide in law and recognition of consumer.

And some natural compound pestisides has unique structure so its synthesis is very challenging.
Today, | want to talk about pesticide from these two topic.

1-2 Meaning of Pesticide

e For high yield harvest. -- Deal with the population explosion.

e For human's health.
There are two face.
1. To make the less toxic plants.
-- Plants synthesize the toxic chemicals when...
i) Using defense mechanism against incests, bacteria...
ii) Infected with bacteia which causes disease.

2. To kill the disease-causing insects or microorganisms.

1-3 Compare with Medicine

Medicine Pesticide
At latest B.C.4000 Origin At latest B.C.1000 (Sulfur)
A.D. 414 (From Korea) Orign in Japan A.D.1670 (Whale Oil)
#Hik (From Edo era) Law BRI (ALD.1948)
Ministry of Health, Labour and Welfare Ministry The Ministry of Agriculture, Forestry and Fisheries
Ministry of the Environment
Medicines Target of law Chemicals or natural enemies which prevent the
Quasi drugs loss of agricultural products.
Cosmetics Plant growth regulator.
Devices

cf. Fertilizer : JERHIHETE
Post-hervest application : £ fi 4 1%

Ten and some years. R&D cost Almost ten years.
Some billion dollars. Some hundreds of million dollars.

Test : MAZATBIE N BMOKEMN B L 2RI £ 7 —

Recognition system System Resistration system
Re-examination : 4 - 10 years. Expiration date : 3 years.
Re-evaluation : Each 5 years.

Recognition is easier than new medicine. Generic Test of resistration is same as new pesticides.



There are no or few report which says the cost problem of medicine's re-examination or re-evaluation.

On the other hand, resitration system of pesticide has the cost problem, so many pesticides were expired.
In Japan, 21,000 pesticides have been resistered, but 16,000 pesticides were expired. Only 21 pesticides
were expired because of problem of its safety, others were expired because of no re-resistration.

In addition to that, pesticide's resistration system is obstale of generic.
Generic pesticide needs almost same test of new pesticide.

Sales

1 Pfizer (Pfizer + Wyeth) 63,000 1 Bayer (Bayer + Aventis + 27 3%) 7,000

2 Merck (Merck + Schering-Plough) 42,000 1 Syngenta (Zeneca + Novartis) 7,000

3 Sanofi-Aventis 39,000

4 Glaxo SmithKline 38,000 3 BASF (Chemical Company) 4,000

5 F. Hoffmann-La Roche 36,000 4 Monsanto (BioChemical Company) 3,000

6 Novartis 35,000 5 Dow (Chemical Company) 3,000

7 Astra Zeneca 31,000 6 DuPont (Chemical Company) 2,000

8 Johnson & Johnson 25,000 7 Makhteshim-Agan Industories 1,500

9 Eli Lilly 19,000 8 (A b (EA+ M) 1,500

i R A gn T3 13,000 =HbFET e (ZH+=40)

Market Scale (World) 700,000 Market Scale (World) 40,000
(Japan) 70,000 (Japan) 3,000

Unit : million$

§2 Synthesis of Pesticides
2-1 Azadirachtin

J

Isoration : from seeds of Azadirachta indicain 1968.

Activity : feeding deterrent for some insects.
growth disruptant for most insects.
non-toxic for vertebrates.

azadirachtin Synthesis : Ley S. V. et al., AC/E, 2007, 46, 7629-7632 in 64 steps.
N (See Mr.Kimura's Lit. Seminar on 080109)

2-1-1 2nd generation synthesis Recently, Ley published the beginning of second generation synthesis.
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60 °C; then TFA, RT, 90% ee, 77% (over 2 steps); b} ZnCl,, CH,Cly,
0°C to RT, 6% (over 2 steps); ¢} NaBH,, CeCl;;7H,0, MeOH, EtOH,

115 to ~90°C, 83 %; d) Ac,0, NEt,, CH,Cl,, RT, 9 %; ¢} PS “Amanc”

lipase {Burklodieria cepacia), aqueous pH 7 bufferfacetone {9:1), RT,
439 (45% recovered acetate}; f) TBSCI, imidazole, CH,Ck, RT, 85%.

'
'

pihalimido

benzene-fused ff g:wr» ;
' phthalimide group ¢ ) H ._/. f
i H - 7 se,
/ 1 4 f /a
5 : b additoral

/ 4 benzens ring

/ l
P AP TIRS = Li

)

1
B -~ -OSIEL:
| T by ) '
7 — S s} O\i e GOLT
TFA
A Onie OMe
6 entB

Figure 2 Plausible stereochemical pathway

Shuichi Hashimoto et al.,

Structure : triterpenoid, 16 asymmetric carbons (4 of them are quaternary)
correct structure was proposed in 1986.




a) DMDO, acetone/CH,Cl, (1:1), 0°C; then PMBOH, ZnCi,, CH. G,
0°C to RT, 86%; b) Dess—Martin periodinane, CH,Cl,, RT;

¢) (allyl)MgBr, THF, ~110°C; d) NaH, BnBr, DMF, 0°C to RT, 52%
{over 3 steps); e) O, CH,Cl,, ~78°C; then PS—PPh,, RT; f) CH,Cl,
{90 ppm water)/TFA (9:1}, RT; g) Amberlyst A-15, molecular sieves
(3 A), MeOH/MeCN (1:10), RT, 1:1 to 1:5 («/p) mixture of C23-
epimers. PS = polystyrene supported.
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Scheme 7. Final steps in the second-generation synthesis of propar-
gylic mesylate fragments 2 and 26: a) TBAF, THF, RT, 399 (aver 4
steps); b) TBAF, THF, RT, 39% (over 4 steps); ¢} TBDPSC], imidazole,
CH,Cl,, RT, 87%; d) NaH, PMBBr, #nBu NI, DMF, 0°Cto RT, 26%
@-29, 52% [-29; ¢) TBAF, THF, RT, 96% ¢-30; 84% [3-30; f} Ms,0,
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2-1-2 Problem of Azadirachtin

From synthetic position, Azadirachtin was said as "20th century's most difficult natural compound.”

But from the pesticide's position, this compond was already used in farm for many many years
because, we can harvest 9.0 kg of azadirachtin from a hactar.

And Azadirachtin has another face -- it may well be said as "Symbol of pesticide problem."

1st problem

In japan, there are two means with "Noyaku", one is pesticide in law another is image of poeple.
For example, "Pesticide-free vagetables using duck" is doubt from law because duck is pestiside.
Of course, we can choice what we eat. And duck must be safe.

But there are risk of violate the law.

Azadirachtin are registered as pesticide in many countries, but in Japan not yet.
However, neem oil (or Azadirex; main active component is azadirachtin) is largely used in Japan.

There are crafty tricks.
1. Import campany never says Azadirachtin has the activity of insect killing.
They sell only plant oil for nearly 20 years.
2. Many retali trader or farmer introduce how to use Azadirachtin and praise its activity.
3. Some consumer consider pestiside as pure evil,
but they consider plant oil as safe without think about components.

| think use of azadirachtin is good.

But import, produce, sell or use of Azadirachtin in purpose of pesticide is illegal
because Azadirachtin isn't resistered as pesticide.

( There are no people who was arrested because of non-registered pesticide.)




2nd problem (from opposite side)

Table 1

Comparison of azadivex with pyrethrum, noting some of the advantages and disadvantages of azadirex in production and use

Property Pyrethrum  §2-3 Azadirex §2-1 Advantage?
Source Flowers Seeds
Countries where grown About 10 About 80 +
Soil requirements Rich volcanic Poar, low fertilicy *
Water requirement High Low +
Replanting Every 4 years Permanent plants
Harvesting Every 2 weeks Once & year -
Processing method Solvent extraction Solvent extraction
Processing sase Simple Complex -
Yield per hectare 55 kg deied fowers 2000 ke seeds® B
Active concentration 1-2% in dried flowers 0.45% in seed kernels” *
Actives per hectare 0,55-1.1 kg ha™’ S0k ha” +
Price per kg LSS dried flowers 1SS2 diy seeds s
Gross income per hectare §55-110 $4000 *+
Number of compounds f 10+
Effectiveness of compounds Varies widely Varies widely
Rarge of insects Very wide Very wide
Speed of action Very rapid Very slow -
Systemic action in plant No Yes +
Beneficial insects Toxic Non-toxic® +
Toxicity to others Very toxic to fish, shight to birds Non-toxic *
Ebso 500-1 000 mg/kg rats >3540 mgfkg rars?

Human toxicity Very low Very low

roblem inuse Allergies possible Aflatoxin testing®
stability in storage Very good Very good
Stability on plants Very low Very low (?}
Residues on food - Nong None
Stability in water Rapidly hydrolysed in acid or base Stable berween pH 3.5 and 6
Licensed for use Most countries Fewer countries -
Value, annual production USE600 million 118855 million -

Costs and values must beapproximate it a period of rapidly rising prices and Guctuating exchange rates.
# Estimate based on spacing of tees at 10m

" Based on mean value for six Asian countries.' ¥

¢ Depending on how it Is used, see text,
4 It is reported 1500 mg/kg/day was administered o rats for 90 days and gave no observable ef

* Neem seeds subject to Fungal infection, with aflatoxin production and loss of activity, if not carefully dried.

Although, Pyrethurum (I'll talk about this compound in §2-3) is great and well known pesticide.

Azadirachtin is better than Pyrethrum. The reason why Pyrethrum is used larger than Azadirachtin is

flect.™* Intraperitineal injection of 1000 mg kg™ had no effzct.

E. D. Morgan , Biocorg. Med. Chem., 2009, 77, 4096-4105

because Azadirachtin belongs to everyone, no-one has been willing to chance investing alot of money in it.



2-2 Solanoecrepin A

After synthesis of Azadirachtin,
Solanoeclepin A is called as "the most difficult natural pesticide" from synthetic view.

Isoration : from potato (So/anum fuberosum L.) cultivation in 1986.
Structure : Containing the 3, 4, 5, 6, 7 membered ring.

Activity :Hatching agent of potato cyst nematodes (PCN).

Without potato, PCN survives more than 10 years with cyst form.
Solanoeclepin A (1) Cyst is so strong, that it put up with drying, low temperatureand pesticide.

2-2-1 Retrosynthetic Analysis

Miyashita's Route

Intramolecular _ CN
Cyclization q

Intramolecular

Diels-Alder
Hiemstra's Route 1 HO,C Isobe's Route
AL HE ’ 6-membered
PGO { RCM o <A ring formation
< H
\ b equivarent of
OMeOHO the enolate

Henk Hiemstra et al. Solanoeclepin A (1)

JCS Perkin Trans. 1,
2002, 1701-1713 McMurry

Coupling

Nicholas
Reaction

Hiemstra's Route 2

HO,C

RO CHO
TfO

COzMe MEOzC )
7 g8 HO

Henk Hiemstra et al.

Shingo Tojo and Minoru Isobe
BBE, 2008, 7,4361-4366 Synthesis, 2005, 1237-1244

They already succeeded in key reaction with model compounds.

But all route needs many steps to obtain the precursor of key reaction.
So, if synthesis were completion, using as pesticide would be difficult.
- Similar example in next page.



2-2-2 Similar Compound ~ Total Synthesis of Glycinoeclepin

Isoration : from soybean root ( 50ug from 110kg of dry roots) in 1982

Activity : Hatching agent of nematodes (Heterodera slycines).
active concentration : 1pg / 1ml

Glycinoeclepin A (9)

HO,C

HO

‘\‘\r’ \:\ .
OMeOHO
Solanoeclepin A (1) 10 Glycinoeclepin A (9)

Total synthesis
Baker's yeast

D-glucose NaBH(OMe)
KH,PO4 —_— L.,___e:’;. —_— ; |
T
0? ; So  MgSO4 “Ho” ;; S0 HO’QIO HO OH :
DMF-H,0 OH //
11 12 13 ¥

rt, 67%

15 7 steps
| 26%
Robi Annulatio )
/l 1) MeLi, Cul BuP; ) R
' THF, -78°C~-40°C =~ LDA, MeCOC(TMS)=CH, H,, HCN, Et:Al
2) HMPA, allylbromide ; NaOMe, 74% : THF, i
= cis 63%
0 \” trans 30%

- °C— 0,
78°C-rt, 78% Ow

i) e R 1‘"-/‘\ -5 1=\
- 1) thioureide-(CO,MgBr),
21 DMF. rt -
2) 15, DCC, DMAP, DCM
0°C-rt, 90%

Glycinoeclepin A

Tadashi Mesamune et al., JACS, 1988, 770, 1985-1986

Total synthesis was completed 21 years ago, but Glycinoeclepin have never qsed as pfasticide.
Because this process are too complex and costly to procide an unlimited and inexpensive supply.
Now, Corey embarked on research to develop a biologically active mimic of Glycinoeclepin. 7



: e i i ORGANIC
Enantioselective Synthesis of a Simple  [issisias

Benzenoid Analogue of Glycinoeclepin A o

Vol. 10, No. 24

Simon Giroux and E. J. Corey” 56175619
617561

?,

NH, 1. NaHMDS, PhN{TH)
9 miuena, A24h 0y 5 NACOHBU e 780010 23°C, 150 - WNCOHBY o0, 0 COMe
I ; 2. (PPhy)Pd (7.5 mol %), LiCl, toluene
' 2 Sy 0O, HBY Bu,Sn{vinyl), THF, 65 °C, 5 h 120°C, 24 b
neat, 50 °C.15 h 80% 2 steps 4 sealed tube

3. THF-4M AcOH {2:1)
239C, 24 by, 73% averall

P I | (i I i R S N A R ' . o _ACOH
¢ Scheme [
' il T Y — i Moo
! i g— i !
T e e
i a 4 K :
: < :
L0 T m - 5
; (RH+)-6 :
E Ph- H 5 E
: (8)-{-)-7 :
: Jean d'Angelo et al., JACS, 1985, 707, 274-276 :
o COytBu COyt-Bu e CQo-Bu
T LIOH 1.5 squiv i MAO,, C.He, & 4 h R
—
THF-MeOH-H,0 7% 2 st
(211,239, 15n  Me0:C ol s
CO,Me a0 COyMe COyMe
7 5 5
1. {COCH),, CH,Cly ™ o OOk BU ——
DMF {cat), 23 "Clo & ' 14 equiv
2, LIAH(OFBu), THF 78 °C to <30 °C ag E1OH
THF, -78 °C, 20 min 4% 20 min
T4% 2 steps a8
] ‘,..xvC('sz-Bu Hy t atm, WCQQ"BU
NaOH Pd-C ‘
el erm—
\ aq E;OHH, A 20k
1 ‘ i '
0 COH 42% 3 staps 0 CO,H 0 CO4Ma
2 2 11

13 steps
10% overall yield

Sinple synthesize was achieved, if this compound has sufficiently potent, synthetic study of glycinoeclepin
will bear fruit. And also synthetic study of solanoeclepin.



2-3 Pyrethroids

2
Pyrethrin | (30%) -Me? -CH= CH2
R Il (32%) -CO,Me? -CH= CH2
y .,,,(On. R2 Cinerin | (10%) -Me? -Me?
\O = Il (14%) -CO,Me? -Me?
22 Jasmolin | (5%) -Me? -Et®
Pyrethroids Il (4%) -CO,Me? -Et®
Isoration : from Chrysanthemum cinerariaefolium
Activity : antiinsect
Sensitive for Avand oxgen (quick decomposition)  |» X if y
{ g L
2-3-1 Retrosynthetic Analysis n X’ /
/ . 4;;
/N »
gCH, CHyg
Roussel-Uclaf
n X b O
\fmc ?‘“““Y { e !"-Y
h X/ \d—b/ @:} h X/ - / m
/-.c/ \}{ fd\ /b\H
o C 7%
gCH, CH,¢ gCH, Cilg 4
n X h X.
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Fig. 2. Retrosynthetic analysis of pyrethroids.

2-3-2 Sumitomo's industrial synthesis of pyrethteroids

COR — COR
+ N;CHCO;R e s +
1 moi% R-1648
DMHD Fans
cis
VEd % e e e S
#CgH 0 B trans/eis = 9347 !
n
Me,, 94%ee (rans Ms, A0p
o = Nr <-0 PANHNH;
£ ﬂ’c H - i - “N / -_——_‘l
‘3{ " !
1 R~ W z A Ar

R-1648
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Figure 7. Axatani's proposed mechanism.
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2-3-3 Roussel-Uclaf's industrial synthesis of pyrethteroids

, O
Hi nCHy I
h (.H;g\f Q‘ ;\i_ O-CH, s p fme\d bf..l-O-H
hCH, ARG / l% s w8 C HoLi THF-HMPA % \/
4 “$0°C, 3h, 20° o S0°C, 5h '~ AMe
AN i oif Yo, 3
g CH, CH, 2 75% 1 88/12 gCH, s
{1535}, oe: 215%
Fig. 5.
JF Biellmann et al., Bull Soc. Chim. Fr., 1990, 727, 98-107
o @ e o
@‘,O\"‘ i 2 OMe
L P dianion ' Oj&’
& “so, 'k E
(‘ 15
/J MeO_\
e/ Me

2-3-4 Evolution of pyrethteroids

Natural type First synthesized Pyrethroid.

H,C~_CH, HyC o CHy
Chrye_ | | R R
He TR, HC

- CHSJ Mlethrln I R CHQ
Allethrin IT (R = COOCH,)

( M lethrin is sterecisomers mixture

7L AV AREERSYCHEEINTLE)

Easy to synthesize (Without conjugate diene)
Higher transpitation.

Pyrethrin I (R
Pyrethrin IT (R = COOCH,)

1st generation (1960-1970)

X WO D0 8 0,0

:gghenoi‘h: n Pe rmethrin
Activity was twice as much as Allethrin. cis form (1R-cis)form
Higher activity

Stable for Av

[ 2nd generation Without cycloprapanering.

RIS ————— ‘ — Mitsui chemical

5 Sumitomo chemical O /©
.,rco2 /@ O 0
: EtO Ethofenprox

! Almost same as Fenvalerate
Y N Fenvalerate Toxicity for fish become lower.

cl aH E Easy and economy to synthesize _
‘s, ' . . F
Co,H i (Without cyclopropane ring) Kincho
: i Stable for Av. Si
------------------------ © Higher activity for insects. D/ o
Lower toxicity for warm-blooded animal. g Silafluofen

Higher toxicity for fish. Toxicity for fish become more lower.

Higher stability. 10

_/
~




2-3-5 DDT
DDT has lead a checkerd career. And pyrethroids was the first trigger of DDT.
Rising

DDT was synthesized in 1873 but not so many people had mind this compound.
In 1939, Paul Hermann Muller discovered DDT's insecticidal properties, DDT's position was little different.

Flrst trigger

At that time, Japan exported Pyrethrum to U.S. but after WWII begun, Japan stopped exporting,
so U.S. started the production of DDT as a substitute of pyrethroids.

U.S. army needed insecticide because they battled with Japan in a tropical rain forest.
DDT has great effect and U.S. won.

After war end, DDT was widely used for farm and human
and Paul Hermann Miiller received Nobel Prize (Physiology or Medicine) in 1948.

Second trigger

In 1962, Rachel Louise Carson published "Silent Spring"

which refers the dangerousity of DDT or other chemicals.

This book gave large impact to people, DDT was gradually forbidden.

DDT is not safe, but DDT was effective insecticide.

If DDT was not forbidden, 10 million people can survive from Malaria.

And because of abandon DDT, stronger toxic pesticide (e.g. Parathion) was used.
In poor country there are no pesticides which people can buy .

Third trigger

Now, third trigger comes. DDT is reassessed, WHO stopped the prohibition of DDT in 2006.

83 Final Section
3-1 Organic Synthesis with Pesticide

Of course, there are many synthetic pestisides but time is limited, so | scoped on the natural hydrocarbon
pesticides only.

In area of hydrocarbon pesticides, organic synthesis is not always succeed.

But like a Pyrethroids case, organic synthesis sometimes leave the great result.

3-2 Pesticide's future

Now, population explosion continues, so we cannot survive without pestiside.

But purpose of pestiside gradually changing.
1. Not for extermination, but for living together.
2. Selective natural compounds.

3. Using with genetically modified crops.

11



T Yo wppid izt 30 zow 2bioidisyg brA 158180 hedaedds & bas) 2z TAA

priziA

Eniagmas 2 hoim s sigosq ynsr oz fon jud £581 m besi2eriinge 28w Tad

0 =1 wiffi rew noiizog 2 TUO zedienen istionoazn: 700 basvooeh wiiM onsamaH l0e9 BERT A
1sppi fenil

nivhogss Leqoolz asgel pupad 1MW ste tud & U of muiflen® donogxe negsl st Jsn 14
zbimtisnya To aluliizduz s a5 TOO Yo noloubolg et behsle @ i og

et i le2igo 1 ni nsasl ftiw baliisd yerl! s2usasd S0icioazni bebssn yime 2 U
now .&.4 b Jsafte tesig aarl TAQ

nsmud Bos st ol baa ylishng 2ew TCQ brs ew 1eitA
AdGE nf (araibeM 1o woololayod) 5509 ladob bavisasn 1siliM nnsrmat lusS bng

wpeini brogse

“ennge nslig” beraildug N2l sauod lenosR S8BT i

aisaimeninadio 1o TAA Yo viizucwepneh ot 2180y (inirtw

nabivichol viisubsip sew TAJ sloosg of ioegmi spis! sveg dood aidT

shiolivaeni svitselia eaw 110 Iud sise jon 21 TAO

gngishi mori svivius neo elgoaa naithm OF nabbidiet Jon esw TAT 1

Rz eaw (noirlissd pe) somilzag oixat 1spnoide TGO nobnsde 1o gaussad brk
. yid nen sigosyg duitw sebizizeg od s ot yinuo 1oog ni

wppint i T

S005 m TOO to neitididonwg st begaote OHW beeasrzes) 2l TAO 28002 1apphi birl wold

noitoes lenid £3

gbigitzad v giesdinyg oingp1C [-£

P a2 R Ieusen 9l ro hegese L oe badimil 2021 fud a2sbialieay atedinye vosmais 3isdi sawoa i
" yina zshicizeg

basooue 2ypwls jon a1 “izariinve NinsyIc 2abinileag nodissothy jo se1s nl

Loza lnep adf sves! semilemog gisadinyg singme s2s0 abiotiew s sdilhg

gyl 2'sbigiteeq S-E

ahiziizan upriiw svivilg Rnnss 9w 0z 2euniinog ne@olgys noitslugog veoid
prigneds yiisuben sbigiteag o s2ooiug ud
Jstit=pc) privit el tod  notsmemeixe ot jold b

ghnuagimed iswlen eviioalsd

1

2uo0 baitiboin vilssnsnay v priel) &

)



