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What does "Organic" really mean?
The government created the Organic Foods Production Act in 1990 which
contains two lists: "National list of allowed synthetic substances" and
"National list of prohibited non-synthetic stubstances."  If a SYNTHETIC 
substance is not on the first list, it cannot be used and if a NON-SYNTHETIC
substance is not on the second list, it can be used. The following is a
summary of the substances for crop production only (not livestock).

Allowed synthetic substances:

(NH4)2CO3       B(OH)3         S (elemental)     K2O3Si (aqueous)      CuSO4

Calcium Polysulfide (CaSn)             Soap (sodium lauryl sulfate)

Sucrose Octanoate Esters:             Dormant, Suffocating, and Summer oils:
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R'= H or CO(CH2)7CH3

Petroleium Oil, Synthetic Sesame Oil, etc.

Prohibited non-synthetic substances:

As, CaCl2, Lead Salts, KCl, Na3AlF6, NaNO3
       Styrchnine:                 Nicotine Sulfate:
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Section 1: Total Syntheses of Natural Product Pesticides
1-spinosyn A

Paquette et al, JACS (1998) v. 120, pp. 2543-2562.
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H
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H
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step 4
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H
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8 steps including:

Yamaguchi lactonization
2x glycosylation

spinosyn A

Roush et al: PNAS (2004) v. 101, pp. 11955-11959.

OTBDPS
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O
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spinosyn A

Spinosyn A and D are the active ingredients in Spinosad (an insectiside
produced by Dow). These two natural products were isolated from soil
samples collected from an abandoned rum still by an employee vacationing 
in the Caribbean in 1982.
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2-rocaglamide

Frontier et al, JACS (2009) v. 131, pp. 7560-7561
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HCl (1M)
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O
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Porco et al, JACS (2006) v. 128, pp. 7754-7755

O

O

OH

OMe

MeO

OMe

Ph
CO2Me

PhMe/DCM, !70 °C

h" , TADDOL
O

OH

O

OMe

MeO
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3-thiangazole

Heathcock et al, JOC (1994) v. 59, pp. 4733-4734
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4-deguelin

Sames et al, Org. Lett. (2003) v. 5, pp. 4053-4055
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Winssinger et al, Chem. Eur. J. (2010) v. 16, pp. 9767-9771
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O
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H
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O
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A story brought to you by:
rotenone

Indigenous tribes in French Guiana smashed
jicama roots containing rotenone to use while 
fishing. The rotenone poisoned the fish
causing them to rise to the surface of the
water. The fish were still edible since
rotenone is poorly absorbed by the GI tract in 
humans. Today it is also used in aquatic
research to collect cryptic fish.

Section 2: From Natural Products to Synthetic Pesticides
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Natural Product Commericial Insectiside
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1- Pyrethrin
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1-pyrethrin (cont'd.)

Syngenta process route to cyhalothrin: formulated in and marketed 
under the names "Karate" "Kung-fu" and "Matador"

Me Me

OH
F3C

Cl
O

SOCl2, 
PhH

Me Me

Cl
F3C

Cl
O

O
O

NaCN, Hexane, 
w/ or w/o H2O,
w/ or w/o Et3N

Me Me

O
Cl

Cl
O CN

O

recrystallization

Me Me

O
Cl

Cl
O CN

Ar

cyhalothrin

A Synthesis of cyhalothrin: US Patent No. 7,468,453 B2

Sorry for the vague procedures here, but to quote the patent:  "The reaction can be 
carried out in a solvent or in a mixture of a water immiscible solvent or an aqueous 
solution of the source of cyanide or in the absence of a solvent"

additionally... "the acid chloride and 3-phenoxybenzaldehyde can be added sequentially 
or simultaneously to the source of cyanide in the presence of the solvent or the solvent 
mixture, optionally in the presence of an organic base or an onium salt."

more vagueness continues on like this for about a dozen more paragraphs...

Analogs based on pyrethrin:
ACS Symposium Series v. 504 (1992): "Synthesis and Chemistry of Agrochemicals III" 
pp. 258-282
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simplified:

nicotine

Natural Product Commericial Insectiside

Imidacloprid

2-nicotine
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N
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H NCl

N

N
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A Synthesis of Thiamethoxam: US!Patent No: 6861522 !(B2)

NC

H
N

CN

1) MeNH2, NaOH,
H2O, EtOH
2) Aq. CH2O, 80 °C,
pH 8-9

O
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ClCl

1) NaSCN
2) Cl2

N
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O

N
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N
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Cl

A Synthesis of Thiacloprid: US Patent No:!1987-17641"A5

N-

NC CS2
-
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N
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H2N
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- 2x BnSH N S
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steps
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S
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Other Commericial Products:
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H
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H
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3-organophosphates

HO

O
H
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Natural Product Commericial Insectiside

acephate

P
N
H

O

Me

O

MeO
MeS

Making various Phosphates:

reagents product target

- PSCl3, MeOH, NaOH, PhMe
- PCl3, MeOH, NaOH, Et3N, S
- P2S5, MeOH then Cl2
- P(O)(OMe)2, Lawsesson's then SO2Cl2

P

S

MeO OMe
Cl

P

S

MeO OMe
R

P

S

MeO OMe
Cl

P2S5, MeOH, PhH
P

S

MeO OMe
SH

P

S

MeO OMe
SR

(R= Nu-)

(R= E+)

, NH4OH, DCM
P

S

MeO OMe
NH2

P

S

MeO OMe
NHR

(R= E+)

P

S

MeO OMe
NH2

, SO4Me2

P
MeS

O

OMe
NH2

P
MeS

O

OMe
NHR

(R= E+)

PSCl3, 2 eq RMgBr P

S

R R
Cl

P

S

R R
R'

(R'= Nu-)

POCl3, 1 eq EtOH, Et3N P

O

EtO Cl
Cl

P

O

EtO SnPr
SnPr

ethoprop

POCl3, 1 eq EtOH, Et3N
then 1 eq ArOH

P

O

EtO Cl
OAr

P

O

EtO NHR
OAr

fenamiphos(Tetrahedron (1995) 7981)

(Huazhong Nongye Daxue Zuebqo (2000) 339)

(Nongyao (2001) 13)

(Phosphorous, Sulfur, Silicon and Related Elements (2010) 347)

(Phosphorous, Sulfur, Silicon and Related Elements (2010) 347)

(Phosphorous, Sulfur, Silicon and Related Elements (2010) 347)

(Phosphorous, Sulfur, Silicon and Related Elements (2010) 347)

3-organophosphates (cont'd.)

A Synthesis of Azinophos-Methyl: Tetrahed. (1991) 8917; J. Het. Chem. 
(2007) 951; Bioconj. Chem. (1997) 256

O

NH2

NH2

NaNO2, HCl

O

NH

N
N

CH2O, 
SOCl2

O

N

N
N

Cl

P

S

MeO OMe
SH

Base
O

N

N
N

S
P

S

OMe
OMe

Azinophos-Methyl

A Synthesis of Methidathon: (Nongyao (2001) 13)

S C S

1) MeOH
2) H2NNH2 H2N

N

SH

OMe

phosgene

HN
N

S

O

OMe

P

S

MeO OMe
SH

N
N

S

O

OMe
SP

OMeMeO

S

Methidathon

A Synthesis of Pyrimiphos-Methyl: (Huaxue Shiji  (2010) 845)

H2N C N
H
N

Me Me H2N

NEt2

NH

Me OMe

OO

N NH

NEt2

O Me

P

S

MeO OMe
Cl

N N

Me

NEt2

O
P

S

MeO
OMe

Pyrimiphos-Methyl

CH2O
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4- Carbamates

physostigmine

Natural Product Commericial Insectiside

xylylcarb

N
Me

MeN

Me
O

O

H
N

Me O

O

H
N

Me

Me

Me

Other Commerical Carbamates:

Me
N
H

O
N

Me Me

S
Me

O

aldicarb
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N
H

O

O

O

O

bendiocarb

Me
N
H

O

O

O

bendiocarb
Me

N
H

O

O

carbaryl

Me
N
H

O

O

fenobucarb

Me

Me

Me
N
H

O
N S

O

methomyl
Me

Me

Section 3: Totally Synthetic Pesticides
1-organochlorides*

Cl

Cl

Cl

Cl

Cl

Cl

Diels
!Alder

Cl

Cl

Cl
Cl

Cl

Cl

Aldrin

Cl

Cl

Cl
Cl

Cl

Cl

Cl

Cl

Chlorodane

Cl

Cl

Cl
Cl

Cl

Cl

O

O
S

O

Endosulfan

Cl

Cl

Cl
Cl

Cl

Cl

O

Endrin

Cl

Cl

Cl

Cl

Cl

Cl

hexachlorobenzene Lindane

Cl

Cl

Cl

Cl

Cl

Cl

Cl

OH

Cl

Cl

Cl

Cl

pentachlorophenol

Cl Cl
Cl

ClCl

dichlorodiphenyl
trichloroethane (DDT)

Cl Cl
Cl

OM
e

MeO

Methoxychlor

Cl Cl

ClCl
dichlorodiphenyl
dichloroethane

Cl

chlorodecone
(Kepone)

Cl Cl

O
ClCl

Cl

Cl
Cl Cl

Cl
Cl

Mirex

Cl Cl
Cl

Cl

Cl

Cl
Cl Cl

Cl
Cl

Cl

DDT was discovered by a Paul Müller in 1940. It was first
brought to market in 1944 and was used during the second 
half of WWII to prevent the spread of malaria and typhus.
Paul Müller won the Nobel Prive in Physiology and
Medicine for the discovery in 1948. It was later used as an
insecticide, however it was found to be harmful to wildlife,
particularly birds including the bald eagle, and was banned
from use in the US in 1972.

O

H

Cl
Cl

Cl

Cl

H2SO4 
(cat.)

similarly:

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl

Cl
O

Kepone and Mirex:

DDT etc.:

* Almost all organochlorides have been banned globally.

2-fun transformations from the agrochemistry literature!

Yamamoto et al. Synthesis and Chemistry of Agrochemicals III (1992) p. 34-42.

RO2C

RO2C

C

S

S

1) NaOH
2) ClCO2Me

SS

CO2RRO2C

RO2C CO2R

MeNHNH2

N
N
Me

HO CO2R

SH
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Meier et al. Synthesis and Chemistry of Agrochemicals III (1992) p. 313-326.

2-fun transformations from the agrochemistry literature! (cont'd)

O

Me

R
NH2(Me)2, CH2O,
HCl, EtOH O

Me

R

H2NNH2

R

N

HN

Me
(Me)2N

R

H2N

1) NaNO2
2)

MeO2C

Cl

O

Me
R

HN

N

Cl

MeO2C

Ar

N

R

N

Ar

MeO2C

Guaciaro et al. Synthesis and Chemistry of Agrochemicals III (1992) p. 56-74.

R

Cl

NOH

Et3N,

H2N CO2Me

iPrMe
R

HN

O
N

O

MeiPr

R

N

OH

N
O

MeiPr

NaH

Theodoridis et al. Synthesis and Chemistry of Agrochemicals III (1992) p. 134-146.

ClCl

NHNH2

CH3CHO;
KNCO, AcOH;
NaOCl

ClCl

N

N
NH

Me

O

1) CO2H

Me

O

2) (PhO)2PON3, Et3N

OR

Wepplo et al. Synthesis and Chemistry of Agrochemicals IV (1995) p. 149-160.

O O

OH 1) NH2OH•HCl, 
NaOMe, MeOH
2) HCl, MeOHHO HO

O

N

CO2Me

McCann et al. Synthesis and Chemistry of Agrochemicals VI (2002) p. 166-177.

R Ar

O

NH

O

, base; HCl
Ar

O

NH3
+Cl-

Ar

H
N

H
N

NH2

O

Ar

N

NH2

NH

NH

O

Ar

CH2(OEt)2, H+

Ar

N

NH

N

NH
O

Ar

Lee et al. Synthesis and Chemistry of Agrochemicals II (1991) p. 195-208.

N
H

Me

Me

CO2RRO2C

F3C CF3

DBU

N

Me

Me

CO2RRO2C

F3C CF2H

1) NaBH4
2) DBU

N

Me

Me

CO2RRO2C

F3C CFH2

1) NaBH4
2) DBU

N

Me

Me

CO2RRO2C

F3C CH3

Via:

N
H

Me

Me

CO2RRO2C

F3C CF2H
H
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