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Scheduled Chemicals under the Chemical Weapons Convention (CWC)

Guidelines for Schedule 1
The following criteria shall be taken into account in considering whether a toxic
chemical or precursor should be included in Schedule 1:

(a) It has been developed, produced, stockpiled or used as a chemical weapon as
defined in Article Il;

(b) It poses otherwise a high risk to the object and purpose of this Convention by
virtue of its high potential for use in activities prohibited under this
Convention because one or more of the following conditions are met:

(i) It possesses a chemical structure closely related to that of other toxic
chemicals listed in Schedule 1, and has, or can be expected to have,
comparableproperties;

(i) It possesses such lethal or incapacitating toxicity as well as other
properties that would enable it to be used as a chemical weapon;

(iii) 1t may be used as a precursor in the final single technological stage of
production of a toxic chemical listed in Schedule 1, regardless of
whether this stage takes place in facilities, in munitions or elsewhere;

(c) It has little or no use for purposes not prohibited under this Convention.
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Guidelines for Schedule 2

The following criteria shall be taken into account in considering whether a toxic
chemical not listed in Schedule 1 or a precursor to a Schedule 1 chemical or to a
chemical listed in Schedule 2, part A, should be included in Schedule 2:

(a) It poses a significant risk to the object and purpose of this Convention because
it possesses such lethal or incapacitating toxicity as well as other properties
that could enable it to be used as a chemical weapon;

(b) It may be used as a precursor in one of the chemical reactions at the final stage
of formation of a chemical listed in Schedule 1 or Schedule 2, part A;

(c) It poses a significant risk to the object and purpose of this Convention by
virtue of its importance in the production of a chemical listed in Schedule 1 or
Schedule 2, part A;

(d) It is not produced in large commercial quantities for purposes not prohibited
under this Convention.

Schedule 2 Part A, Toxic Chemicals

Guidelines for Schedule 3

The following criteria shall be taken into account in considering whether a toxic
chemical or precursor, not listed in other Schedules, should be included in
Schedule 3:

(a) It has been produced, stockpiled or used as a chemical weapon;

(b) It poses otherwise a risk to the object and purpose of this Convention because it
possesses such lethal or incapacitating toxicity as well as other properties that
might enable it to be used as a chemical weapon;

(c) It poses a risk to the object and purpose of this Convention by virtue of its
importance in the production of one or more chemicals listed in Schedule 1 or
Schedule 2, part B;

(d) It may be produced in large commercial quantities for purposes not
prohibited under this Convention.
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Scheduled chemicals, including those in schedules 1 and 2, can have scientifically and economically
important uses. This chart captures the number of yearly scientific publications that refer o them.




Scientific Advisory Board's Recommendations
to the Fourth Review Conference of
the Chemical Weanons Convention
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A quick reference guide to the executive summary recommendations of the
OPCW Scientific Advisory Board’s report on developments in science and tech-
nology to the Fource Review Conference (RC-4/DG.1, dated 30 April 2018).

Download RC 4/ DG.1

0Given the substantial changes in
chemistry and chemical industry since
the scheduleswere finalised a quarter
century ago, a review of the schedules
should be considered to assess
whether. (a) the chemicals currently
listed are in the appropriate Schedule,
and (b) any toxic chemicals or specific
precursors should be added to or
removedfrom the Scheduleso




Scheduled Chemicals under the Chemical Weapons Convention (CWC)

avide

Review the Schedules?

Where should we start?
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0 Gi vhe mubstantial changesin chemistry and chemical industry
since the scheduleswere finalised a quarter century ago, a review of
the schedules should be considered to assess whether. (a) the
chemicals currently listed are in the appropriate Schedule, and (b)
any toxic chemicals or specific precursors should be added to or
removed from the Schedules In this connection, it should be
considered whether it is technically feasible to accurately monitor
Schedule3 chemicals that are produced in very large quantities (e.g.
over100,000 tons/year).6
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The Scheduled chemicals explicitly specified in
the Convention for monitoring purposes, include
chemical warfare agents and their key precursors

Scheduled chemicals are associated with
historical chemical warfare programmes 9o this
doesnot mean they are chemical weapons

A ChemicalWeapon

Toxic chemicals and their precursors except
where intended for purposes not prohibited under
this Conventionas long as the types and quantities
are consistentwith such purposes(Article I1).



Schedule 2 CASRN Chemical Name Page
2B04 120788-86-9 Product from the reaction of Methylphosphonic acid and 1.3.5-Triazine-2.4,6-triamine 1
2B04 170836-68-7 Mixture of (5-Ethyl-2-methyl-2-oxido-1.3.2-dioxaphosphinan-5-yl)methyl methyl methylphosphonate 2

(CAS RN 41203-81-0) and Bis[(5-Ethyl-2-meth:
yl)methyljmethylphosphonate (CAS RN 4259

-2-oxido-1.3,2-dioxaphosphinan-5-

2B04 18755-43-6 Dimethyl propylphosphonate 3
2B04 204675-51-7 Phosphonic acid. methyl-, polyglycol ester (Exolit OP 560 TP) 4
2B04 3001-98-7 3,9-Dimethyl-2.4.8,10-tetraoxa-3.9-diphosphaspire[S.5]undecane 3.9-dioxide 5
2B04 363626-50-0 Bis(polyoxyethylene) methylphosphonate [
2B04 41203-81-0 (5-Ethyl-2-methyl-2-oxido-1.3.2-dioxaphosphinan-5-yl)methyl methyl methylphosphonate 7
2B04 42505-45-0 Bis[(5-Ethyl-2-methyl-2-oxido-1.3,2-dioxaphosphinan-5-yl)methyl] methylphosphonate 8
2B04 4708-04-7 Propylphosphonic dichloride 9
2B04 63747-58-0 Poly(1,3-phenylene methyl phosphonate) 10
2B04 663176-00-9 Phosphonic acid. methyl-, polyglycol ester (Exolit OP 560) 11
2B04 676-97-1 Methylphosphonic dichloride 12
B ORGANISATION FOR THE PROHIBITION 2B04 659579 Page 13
‘:J OF CHEMICAL WEAPONS 2804 70715 Chemical Name:  2,4.6-Tripropyl-13.5.2.46-trioxatriphosphinane 2.4.6-frioxide )
2B04 7526-26f CASRN: 68957-94-8 Chemienl Structure
2B04 756-79- Schedule: 2B04 o H
HS code: 293135 \P/o\ F7»,,0
Molecular Formula: C9H2106P3 C‘)\P /C‘)
CAS Index Name: 13,52 4.6-Trioxatriphosphorinane, 2.4.6-tripropyl-. 2.4.6-trioxide (H]

TUPAC Name:  2.4.6-Tripropyl-1.3.5.2.4 6-trioxatriphosphinane 2,4,6-trioxide

Synonyms: Propylphosphonic anhydride

Commercial Applications & Industrial Uses

n-Propylphosphonic eyclic anhydride Used in: paper industry, pharmaceutical
1-Propanephosphonic acid cyclic anhydride, 50% in ethyl acetate industry, plastics and synthetic resin industries,
1-Propanephosphonic acid cyclic anhydride and peptide synthesis.

Used as flame retardant and paper making
auxiliaries.







Chemical Warfare Agents and Precursors
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Chemical Warfare Agents and Precursors
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Chemical Warfare Agents and Precursors

MeOH (methanol) j-PrOH(isopropyl
alcohol), HF (hydrogen fluoride), antlaF
(sodium fluoride) are unscheduled
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How Many Chemicals are Contained within the Schedules’

B.  SCHEDULES OF CHEMICALS (5)  Lewisites:
The following Schedules list toxic chemicals and their precursars. For the purpose of Lewisite 1 2-Chlorovinyldichloroarsine (541-25-9)
implementing this Convention, these Schedules identify chemicals for the application Lewisite 2: Bis(2-chlorovimyljchloroarsine (40334-69-8)
of verification measures according to the provisions of the Venfication Amnex. Lewisite 3: Tris(2-chlorovinyljarsine (40334-70-1)
Pursuant to Article 1L subparagraph 1 (s), these Schedules do not constitute a
definition of chemical weapons. (6)  Niogen mustards:
(Whenever reference is made to groups of dialkylated chemicals, followed by a list of NI Bis(? chlorosthyljetilamine 538.07.8
alky] groups in parentheses, all chemicals possible by all possible combinations of s Rﬁ_mﬁmﬁﬂﬂym PRl
alkyl groups listed m the parentheses are considered as Listed m the respective FIN3: Tris2_chloroethyl)
Schedule as long as they are not explicitly exempted. A chemical marked "*" on . y
Schedule 2. pm5.,|ssubje:1wspeualﬂn'mhnldsﬁord.edamnnnmdxmﬁcahmu r S 2380
specified in Part VI of the Verification Annex.) @ s (33034895
Schedule | (CAS registy ® Rem (009363
mumber)
A Toxic chemicals B Precursors
() O-Alkyl (=Cyp, incl. cycloalkyl) alky] ©  Alkyl (Me, Et n-Pr or i-Pr) phosphonyldifiuorides
(Me, Et, n-Pr or i-Pr)-phosphonofhuoridates e2.DF: Methyiphosphonyldifluoride (676.99.3)
e.g Sarm: QI vl methy onofluoridate 10744
© coman: omﬂlmﬁﬁzhhmmm ‘mﬁi a0 O-Alkyl (H er =Cyp. incl. cycloalkyl) O-2-dialkyl
- - (Me. Et, n-Pr or 1-Pr)-aminoethyl alkyl
@ O-Alkyl (<Cyp, incl. cycloalkyl) N.N-dialkyl (Me. Et, n-Pr oz 1-Pr) phosphomtes and
(Me, Et, n-Pr or i-Pr) phosphoramidocyanidates coresponding alkylated or protonated salts
eg Tabun:  ©O-Etlyl N.N-dimethyl eg QL. O-Ethyl O--diisopropylaminoetiyl i
phosphoramidocyaudate (77-81-6) methylphosphonite (57856-11-8)
(@) O-Alkyl (H or <Cy . mel. cycloalkyl) S-2-dsalkyl (11) Chlorosarir  O-Tsopropyl methylphosphonochloridate (145-76.T)
(Me, Et, n-Pr or 1-Pr)-anunoethyl alkyl . _
QMe. Bt n-Pr or i-Pr) phosphonothiolates and 1y G O-Pinacolyl methylphosphonochloridate (7040-57-5)
ding alkylated or alt
eg VX O-Ethyl 5-2-diisopropylaminoethyl
mety] phosphonotiuolate (50782-69.9) Schedule J Schedule 3
) Sulfor mustards: A Toxic chemicals A Toxic chemucals:
2. Chleroethylchloromethylsulfide (2625-76-5) 1y Amiton: 0.0-Diethyl 5-[2{diethylamino)ethyl] s (1) Phosgene: Carbonyl dichloride (7544.5)
P Bis(2-chloroethyDsulfide (505.60.) phosphorothiolate (78-33-3)
e and onding alkylated or protonated salts . -
Bis(2-chloroethylthic (63860-13-6) comesponding alkylated or protanated s () Cyanogen chloride (506-77-4)
1,2-Bis(<Hl ic)eth (3563-36-8) . -
1.3-Bis(2-chloroethylthio) n-propane (63905.102) @ FFIB: 113.3.3-% Hem y1-1-prop (82219 @)  Hydrogen cymide (7490.8)
1.4-BisQ<hloroethylthio)-n-butane (142868-93-7) BZ: 3 Quimclidiny] benzilate (* §581.06.2
1.5-Bis(2<hloroethylthic)-n-pentane (142868.94-8) @ ’ © . } ) Chloropicrin: Trichloromtromethane (76-06-2)
Bis(2-chloroethylthiomethyljether (63918-90-1) B, Preowsars
O-Mustard: Bis(2-chloroethylthioethyljether (63918-80-8) B Precursars
(4y  Chenucals, except for those listed in Schedule 1,
contaming a phiosphorus atem to which is bended (5)  Phosphorus oxychloride (10025-87-3)
. one methyl, ethyl or propyl (normal or is0) group
3T Schedrles of Chemicals but not firther carbon atoms, (6)  Phosphorus trichloride 7719-12-2)
&g Methylphosphomyl dichleride (676-97-1) (7} Phosphorus pentachloride (10026-13-8)
Dimetlryl methylphosphonate (756-79-6)
rimethyl splme' 21454
Exenption:  Fonofos: O-Ethyl S-phenyl @ Trmetyl pho -5
ethylphosphenothiolothionate (944-22.9) (9)  Triethyl phosphite 12521
(5)  NN-Dialkyl (Me, Et, n-Pror i-Pr) phosphoramidic dihalides (0) Dimetiyl phosphite (868.85.9)
(6)  Dialkyl (Me, Et, n-Pr or i-Pr) N.N-dialkyl } )
(Me, Et, n-Pr or i-Pr)-phosphoramidates (11)  Dietyl phosphite (762-04-9)
(7} Amsenic trichloride (7784-34-1) (12)  Sulfur monochloride (10025-679)
()  22-Diphenyl-2-hydrowyacetic acid (76-93-T) (13)  Sulfi dichlonde (10545-99-0)
©)  Quinuclidin3-ol (1619-34-7) (14)  Thionyl chloride (7719-09-7)
(10)  NN-Dialkyl (Me. Et. n-Pror 1-Pr) amioethyl-2-chlorides (15)  Efhyldiethanolamine (139-87.7)
and corresponding protonated salts -
: (16)  Methyldiethanolamine (105-589)
(11)  NN-Dialkyl (Me, Et, n-Pr ot i-Pr) aminoethane-2-ols
and carresponding protonated salts (17)  Triethanolamine (102-71-6)
Exenptions: NN-Dimethy (108-01-0)
and corresponding protonated salts
N N-Dietirylaminoethanol (100-37-8)

and comesponding protonated salts

NN-Dialkyl (Me, Et n-Pr or i-Pr) aminoethane- -thiols
and comresponding protonated salts

Thiodiglycol: Bis(2-hydroxyethylsulfide (11148.8)

Pinacolyl alcohol: 3 3-Dimethylbutan-2-ol (464-07.3)

3 Schedules of Charmicals




How Many Chemicals are Containe

d within the Schedules’

A

@

G)

@

Schedule 1

SCHEDULES OF CHEMICALS

The following Schedules list toxic chemicals and their precursors. For the pupose of
implementing this Convention, these Schedules identify chemicals for the application
of verification measures according to the provisions of the Venfication Amnex.
Pursuant to Article 1L subparagraph 1 (s). these Schedules do not constifute a
definition of chemical weapons.

(Whenever reference is made to groups of dialkylated chemicals. followed by a list of
alkyl groups in parentheses, all chemicals possible by all possible combinations of
alkyl groups listed i the parentheses are considered as histed in the Tespective
Schedule as long as they are not explicitly exempted A chemical marked "*" on
Schedule 2. part A, is subject to special thresholds for declaration and verification. as
specified in Part VI of the Verification Annex.)

(CAS registy

. y Ol sphonoflucridate (10744-8)
Soman:  O-Pinacolyl methylphosphonofluoridate (96-64-0)
0-Alkyl (=Cyp, inel. cycloallyl) N.N-dialkyl
(Me, Et, n_Pr or i-Pr) phosphoramidocyanidates
eg Tabum:  ©-Etiyl N.N-dimethyl
phosphoramidocyanidate (77-81-6)
O-Alkyl (H or =C1 . nel. cycloalkyl) S-2-dialkyl
(Me, Et, n-Pr or 1-Pr)-anunoethyl alkyl
(M. Bt n.Pr or i-Pr) phosphonothiciates and
corT ding alkylated or alt
eg VX O-Ethyl 5-2-diisopropylaminoethyl
methyl phosphonothiclate (50782-69-9)
Sulfur mustards:
2-Chlercethylchloromethylsulfide (2625-76-5)
Mustard gas: Bis(2-chloroethylsulfide (505-60-2)
Bis(2-chloroethylthio) (63869-13-6)
1.2 Bis(chl ic)eth (3563-36-8)
1.3-Bis(2-chloroethylthio)-n-propane (63905-10-2)
1.4-Bis(2-chlorcethylthio)-n-butane (142868-93-7)
1.5-Bis(2-chlorcethylthic)-n-pentane (142868-94-8)
Bis(2-chloroethylthiomethyDether (63918-90-1)

O-Mustard: Bis(2-chloroethylthioethyljether (63018-89-8)

E Scheduiles of Chemiczls

descriptions/formulas ...

(11148.8)

(464-07.3)

Schednles of Chamicals

R Chemical Abstract
Lewisite 1: 2-Chlorovinyldichloroarsine (541-25-3) e Ica S rac s
(40334-69-8) .
— Service (CAS)
®
a2 | Registry Numb
s egistry Nu ers
(555-771-1)
O] (35523-89.8)
(8)  Riem (9009-86-3)
eg DF:  Methylphosphonyldifiuoride (676-99-3)
(10 0-Alkyl (H or =Cy g incl. cycloalkyl) O-2-dialkyl
(Me. Et, n-Pr or 1-Pr)-aminoetiry] alkyl
(Me. Et. 1-Pr o1 1-Pr) phosphomtes and
coresponding alkylated or protonated salts
eg QL O-Ethyl O-2 diisopropylaminoetiyl
methylphosphomite (57856-11-8)
(11) Chlorosarir  Q-Isopropyl methylphosphonochloridate (145-76-T)
(1) ch 0-Pinacolyl methylphosphonochloridate (T040-57-3)
Schedule 2 Schedule 3 L 4 -
sl Specific chemical
. ‘oxic chemicals: h
(1) Amiton 0.0 Diethyl 5-[2(diethylamina)ethyl] o 75445
phosphorothiolate (78-33-53)
and corresponding alkylated or protonated salts O G (06774
@) PFIB: 11333 2 (rifh yl)-1-prop (382:21-8) () Hydrogen cyamide (490.8)
() BZ 3-Quimcldinyl benzilate (%) (6381-06-2) @ e ToicHoromitromethane 6062
B Precursars: B
Precursars.
(4y  Chenucals, except for those listed in Schedule 1,
contaming a phosphors atom to which is bended (5)  Phosphorus cxychloride
one methyl, ethyl or propyl (normal or is0) group i .
but not further carbon atoms, (6)  Phosphorus trichloride
e.g. Methyiphosphonyl dichloride (676-97-1) (7)  Phosphorus pentachlonde
Dimetlryl methylphosphonate (756-79-6)
Exemption: Fonofios: O-Ethyl S-phenyl
ethylphosphonothiolothionate (944.22.9)
(5) NN Dialkyl (Me, Et. nPror i Pr) phosphoramidic dihalides
© A (Me, Bt n-Pr or i.Pr) NN dialkeyl
(Me, Et, n-Pr or i-Pr)-phosphoramidates
(Ty  Arsenic trichloride
(%) 22-Diphenyl-2-hydroxyacetic acid (10545-99.0)
©  Qumichdin-3-ol (7719-09-7)
N,l‘vl-]:ha]]:,\iﬁ;l; Et n- (139-87-7)
(103-59-9)
(102-71-6)




Scheduled Chemicals under the Chemical Weapons Convention (CWC)

Guidelines for Schedule 1
The following criteria shall be taken into account in considering whether a toxic
chemical or precursor should be included in Schedule 1:

It may be used as a precursorin one ¢

3 'Groups of compounds
(15 compounds in total) it Shown here as stereoisomers

Schedule 2, part A;
. Itis not produced in large commerci-

under this Convention.

cainstrsceaie: 26 Single chemical substances

chemical not listed in Schedule 1 or a pi
zal listed in Schedule 2, part A, shoul
It poses a significant risk to the objec

G b r e 3 Sing|e chemical substances

(iii) it may be used as a precursor in the final smgle technologlcal stage of
production of a toxic chemical listed in Schedule 1, regardless of
whether this stage takes place in facilities, in munitions or elsewhere;

(c) It has little or no use for purposes not prohibited under this Convention.

Sched: JToxic Chemical
&t A, Toxic Clyp

Schedule 1 Part A, Toxic Chemicals . /‘u
!
A o s / or,
\\,/ % | [ s ’ o
N Siylted andior
N sl g P
R £ 0 0 Wl {  ememnee | o TN g
Rt ordouhr ~r, -<_ (o cxdouty | 2. Chorothychoromethyisifde 24(1) 2A(2)
3. S, Soman
A R oo A s Schedule 2 Part B, Precursors
R S Bmputer drgconepondnn | @7 NN
Tabon atylted ancor Mustard gas: Bis(a-chiorosthysuifide X - SE
% Lo
s s r—p R ¢
a NN N N / N, W /%
Bistachloroethylthicimethane X X
R, B8, e R, B, =M, E8, 0. 10
s a XX, - Any group ot attached to X, X, Haogers R BB, <M, £8P, Pr
ar NN N the ospharus stom through  carbon Examption: Fonofos v "

Sesquimustard:a,a-Bis(a-chloroethylthiojethane 28(6)

®y

|

s, (-}
s S IS AL S
1,4Bis(a-chloroethylthio)-n-butane
R, 5, 5 P P
aN e~ A Reletieg oo
3,5-Bista-chloroethylthio)-n-pentane. 28010
NN~ 5
Bis(a-chloroethyithiomethyl)ether No/\/n\.l Iy <§) g
e . BB MeE i ST SN
O-Mustard: Bistz-chloroethylthioethyllether s R /\K >‘/\
Exemptions. R,z R« Me Incloding correspanding
St mustands Ry 0 «
28(1) 28(12) 28(13) 28(14) a
s
Schedule 3 § o
(Usedin wod‘usﬁo: of schadule't chosmicals) E =)
o 5 e
I |
R,=Me, Et,n-Pr -Pr s E
L3 Schedule 2 ca” e Schedule 1 2
(A Precursor) 200+
Thionyl chloride
« 38(14)
ORGANISATION FOR THE A~ A “ 1004
- L = HO~ 7 L] I —
A PROHIBITION OF CHEMICAL WEAPONS o e
iodiglycol 0 SN, L o s A
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2016

4 Working Together for a World Free of Chemical Weapons 28(13)

gz.n o a @ - @ @’”‘w

Publication Year

Scheduled chemicals, including those in schedules 1 and 2, can have scientifically and economically
Iimportant uses. This chart captures the number of yearly scientific publications that refer to them.

with sulfur




Scheduled Chemicals under the Chemical Weapons Convention (CWC)

Guidelines for Schedule 1
The following criteria shall be taken into account in considering whether a toxic
chemical or precursor should be included in Schedule 1:

3 'Groups of compounds
(15 compounds in total)

(iii) it may be used as a precursor in the final smgle technologlcal stage of
production of a toxic chemical listed in Schedule 1, regardless of
whether this stage takes place in facilities, in munitions or elsewhere;

(c) It has little or no use for purposes not prohibited under this Convention.

Schedule 1 Part A, Toxic Chemicals /‘u
]

'|‘= s U ox,

v A

Wl o

3. c
QNN
a-Chlorosthykchioromethylsulfide

e NN

Mustard gas: Bis(a-chlorosthylsulfide
S

AN

1,4-Bis(a-chloroethylthio)-n-butane

R oM, 1, 0P, 90
RECC ik crdoskyl
R €1, P, Pt

REMe, B Py P

s s
1,5Bisa-chioroethylthio)-n-pentane

c./\/‘\/"\/’\/\q
Bista-chloroethyfthiomethyl)ether
s, s,
Cl/\/ \/\O/\/ \/\q
O-Mustard: Bis(a-chioroethylthioethyliether
Sulfur mustards

RyeMe, Et, 0P, iPr
9.0

18(9)

ORGANISATION FOR THE
A PROHIBITION OF CHEMICAL WEAPONS

4 Working Together for a World Free of Chemical Weapons

ey & {in Qe

@opow_st

Guidelines for Schedule 2
The following criteria shall be taken int
chemical not listed in Schedule 1 or a pi
zal listed in Schedule 2, part A, shoul
It poses a significant risk to the objec
possesses such lethal or incapacit
hat could enable it to be usedas ac
It may be used as a precursorin one ¢
of formation of a chemical listed in S
It poses a significant risk to the ok
virtue of its importance in the produ
Schedule 2, part A;
. Itis not produced in large commerci-
under this Convention.

&t A, Toxic Clyp

Siylted andior
Sroranated sk
Amiton
24(1)
Schedule 2 Part B, Precursors
X * x

P

P —

26 Single chemical substances

3 Single chemical substances
Shown here as stereoisomers

Sched: JToxic Chemical

R, R, <Me, E4, Py, LPr
Inchating cormesponding

R, R, =Me, B4 Py Py
Including coresponding

e QIO P

28(10)

otonated s v
Extmptons R R Me Wkl componting
ReReEt M ®)
2801) 202) 2803) 28014) 500
s
3
Schedule 3 = 400~
(Used in production of Schedule 1 chemicals) 'g (oAt
o s
I 8
s g A
Schedule 2 ca” a Schedule 1 z /
(A Precursor) 200+
Thionyl chloride
3B(14)
e s , 100~
HO~ \/\OH -
Thiodiglycol o A\ L o VS s e
28(13) 100 1920 1920 1930 1940 1950 190 1970 190 190 2000 2010 2016

Publication Year

Scheduled chemicals, including those in schedules 1 and 2, can have scientifically and economically
Iimportant uses. This chart captures the number of yearly scientific publications that refer to them.

with sulfur




Families of Chemicals?

R—P—F .
| A 1B.09: Fourmembers
d With one variable R
e o group from C1 to C10 for
1B(9) B 1A.01, 1A.02 and 1A.03:
R A 1A.01 > 1.3 million possible
\, % A R, has four possible structures Chem'cg':hg dtgleeze LSS
R\, A What about R,?
R =Me, Et, n-Pr, i-Pr R, = C, (CH,), 1 structure X 4 =4 1A.01 chemicals
s & oy R, = C, (CH,CH,), 1 structure X 4 =4 1A.01 chemicals
LU, R, = C; (CH,CH,CH, or -CH(CH), or A\ ), 3 structures X 4 =2 1A.01 chemicals

Includes sarin

R2 = % CsHia eycloalkan INETs

21
83 wayssgfug’:tua[cer?ment Q Q/DL j: V_/ /E( {E(\

332 1A.01 chemicals

Includes soman, cyclosarin ix DC\D//D//% >>. \>——

OPCW
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Families of Chemicals?

S
(AN |
< = P
R—rP~ R—-P P e
AN S i
X4 X, X3 /
R= —
X, Any group not attached to
e phosphorus atom through a car Exemption: Fonofos







Is that all a bit too complicated?

,herve agents” saxitoxin
BIX inhibit inhibits
choline reuptake e =
transporter '__,-.,f-f"”"
i action
(BT sodium potential
‘ channal (propagation)
AChE
.......‘ -.. |
CoA chollne acetyl BTX 'nh'b'ts ACh SO
transferase vesicle-releas - m-ACh-receptor
e | QNB —= (in muscarinic .
: ACh inhibits tem oo
action ", £ f" \. ) potential
potential " Ach- . ) i \ (initiation)
\transporter ACh n-ACh-receptor
\ i L > , (in neuromuscular-
: n.i.cotine/ \\ ang nsl:::'t‘i)ﬂic
activates \\\y

Presynaptic terminal Synaptic cleft Postsynaptic structure




Is that all a bit too complicated?

(o)
\\p/on2

lz,/\F

R =Me, Et, n-Pr, i-Pr
R =C-C_incl. cycloalkyl
e.g. Sann, Soman

1A(1)

Why stop at G,?

Free enzyme

ser?®_oH .

O 1
Ry—P-0 f
Ro

CH

Free nerve agent

Non-aged adduct




Is that all a bit too complicated?

Nerve agent adduct




A Matter of Size

" R,= C3(sarin)




Fami |l i es also help to miti (
compounds being exempt from monitoring and control




Are Individual Chemicals any Less Complicated?

I-PrO_ ,/O -PrO_ .0 I-PrO_ .0

PC Ps /P.,//

H;C F H;C F H;C F

Sarin (R)-(-)-Sarin (S)-(+)-Sarin
CAS 107-44-8 CAS 6171-94-4 CAS 6171-93-3

Schedule 1.A.01

ZIN
q

&) OpCw

éll

Oy
v



Are Individual Chemicals any Less Complicated?

“R” Enantiomer “S” Enantiomer
(clockwise) (counterclockwise)
@H,
I-P ro\ //O For the other enantiomer,
, P\ switch the positions of the
fluoride and the [ (CH>)
H 3 C F that is connected to the
Sarin
CAS 107-44-8

Schedule 1.A.01

Can you superimpose these two enantiomers onto one another? No?
That’s because they are mirror images.
Similarly, can you superimpose your own hands? Your hands are also
mirror images of one another.

== A

4
Stereoisomers should still fall under the Schedule
of the parent compound (SAB Recommendation)




sulfur

S 34/ 16 protons

=I=

16 16, 17, 18 or 19 neutrons

32 4 isotopes €2S,33S,34S3°S)
[32.059, 32.076]




Isotopically labeled chemicals should
still fall under the Schedule of the parent
compound (SAB Recommendation)

94.99 % 7

0.75 % sulfur mustard: bis(2-chloroethyl)sulfide
> as listed within Schedule 1.A.04 under
4.25 % CAS 505-60-2

0.01 %

this isotopically labelled form has CAS 6755-76-6




ISOTOPES

-

Justto complicate things more:
Hydrogen isotopes are written in chemical
structuresas: H (*H),D (H) or T (3H)

ﬁ-ﬁ 0
e
3 F

sarin

Schedule 1.A.01
CAS 107-44-8

-
3 F
sarin-ds

CAS 104801-08-3




Salts?




Why Does This Matter?

R =Me, Et, n-Pr, i-Pr
R=C-C_incl. cycloalkyl
R =Me, Et, n-Pr, i-Pr

HNa: Bis(2-chloroethyl)ethylamine

|
CI/\/N\/\CI

HN2: Bis(2-chloroethyl)methylamine
Cl

€

a” N\ N\/\CI

HN3: Tris(2-chloroethyl)amine

Nitrogen mustards
1A(6)

Saxitoxin
1A(7)

N Higher pH
CI/\/ \/\CI g P

Il

\ /'

* Lower pH
CI/\/ \/\C| p

Are salts of 1A.04 and 1A.07 chemicals scheduled?

Should salts of scheduled chemicals not
specified on the schedules be scheduled*



J
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ORGANISATION FOR THE
PROHIBITION OF CHEMICAL WEAPONS

» OPCW Home » Scheduled Chemicals Database

Scheduled Chemicals Database

Login

Login

New user? | Forgot your password?

~32,000 CAS numbers assigned
to scheduled chemicals

Disclaimer | OPCW

Search chemicals

Send a comment




Chemicals
Ordered by Schedule and by CAS Registry Number or Key
Chemical name: |-Isobutyl-3-methylbutyl isopropylphosphonoflucridate
Schedule: 1AD]

HS code: 193139

Molecular formula: (C12H2GF02P
CAS Index Name: Phosphonofluoridic acid, 1-methylethyl-, 1-isobutyl-3-
methylburyl ester
IUPAC name: |-Isoburyl-3-methylbutyl isopropylphosphonoflucndoate

Synonyms: Phosphonofluoridic acid. 1-methylethyl-. 2 6-dimethylhepe-4-vl ester
- 1-Isobutyl-3-methyibutyl isopropylphosphonofluoridate
2.6-Dimethylheptan-4-yl 1-methylethyiphosphonoflsoridate
2.6-Dimethylhept—<4-yl |-methylethylphosphonofluoridate

Chemical name: |-Isobutyl-3-methylbutyl propylphosphonofluoridate

Schedule: LADI 5 Not a" SChedUIEd

HS code: 293139

st e ot | chemicals that have
CAS Index Name: :.::[h;r:l::;m scid, propyl-, 1-isobutyl-3- bee n d eclared h ave CA

IUPAC name: |-Isobutyl-3-methylbutyl propylphosphonofluoridoate

Synonyms: Phosphonofluondic acid. propyl-, 2.6-dimethylhept-4-yl1 ester n u be rS

- 1-Isobutyl-3-methyibuiyl propylphosphonofluoridate
2.6-Dimethylheptan-4-yl propylphosphonoflucridate
2.6-Dimethylhept-<-vl propyiphosphonofluondate

Chemical name: Cyclohexy]l methyl-d3-phosphonoflucridate
Schedule: 1ADI

HS code:  2845.90
TS O MIAL(DS)

Molecular formula: CTHI 1D3F02P

CAS Index Name: Phosphonofluonidic acid, methyl-d3-, cyclohexyl ester
TUPAC name: Cyclohexyl methyl-d3-phosphonofluoridoate

Synonyms: O-Cyclobexy] mideuteriomethylphosphonofluoridate
D-Cyclohexyl methyl-d3-phosphonofluoridate
Handbook on Chemicals 2017 Revised version 1
www.opcw.org/ourwork/non proliferation/declarations -
adviser/handbook-on-chemicals/

Page I of 554



http://www.opcw.org/our-work/non-proliferation/declarations-adviser/handbook-on-chemicals/
http://www.opcw.org/our-work/non-proliferation/declarations-adviser/handbook-on-chemicals/

What About Chemicals Not on Schedules?

How many chemicals are there?
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1
1993 I ~196,000,000 CAS Numbers

CWC Opened1 at beginning of 2017
for Signature !

CAS Registry Numbers

+

CUSUREC R S ey

Year

ot it SCANNINGSPACE 27 > 209 million CAS Numbers as of July 2018...
S _N_J > 142 million are organic/inorganic chemical substances
SRR > 13 million new CAS nu




What About Chemicals Not on Schedules?

Which unscheduled chemicals matter?

Definition of a Toxic Chemical

Any chemical which through its chemical action on life processes
can cause death, temporary incapacitation or permanent harm to
humans or animals. Thisincludes all such chemicals, regardless
of their origin or of their method of production, and regardless of
whether they are producedin facilities, in munitions or elsewhere

Chemical Weapons Convention Article II, Paragraph 2




Riot control agents

o) Riot Control Agents cannot be

OPCW Fauzia Nurul Izzati, Jonathan E. Forman and Christopher M. Timperley
s ax 3 Y . N\
(What is the definition of a Riot Control Agent (RCA)? How do Riot Control Agents work?
From paragraph 7, Article Il of the Chemical Weapons Convention: RCAs produce irritation through binding to TRP (Transient Receptor Potential) receptors. This activates some
“Any chemical not listed in a Schedule, which can produce rapidly in humans sensory irritation or disabling physical effects which of the same biochemical pathways that are triggered by eating horseradish or hot peppers.
disappear within a short time following termination of exposure.”
\ F X >,
7 5 N & N
What are Riot Control Agents? What are TRP Receptors?

Chemicals that meet the criteria of an RCA include the following:

N o ey
j\r/\ \‘L A ‘b \/\ !
2 Chiccoacetophencne KN) 2 itrile 1C5) {8011 o0

Spmcepese: Sysonym
3O e rdisionon i be. o oroten. (]
fdene

TRP receptors are a family of ion channel receptors mainly located on cell membranes of multicellular
organisms. TRP receptors are classified into seven subfamilies: TRPC (canonical or classical), TRPV (vanilloid),
TRPM (melastatin), TRPA (ANKTM1 homologues), TRPP (polycystin), TRPML (mucolipin), and TRPN
(NOMP-C homologues).

s, RN, FRATCIL 1400 TR, 45 Senx TRP receptor functions are diverse; the receptors serve as versatile sensors that allow individual cells and
Abachisidel O BI% 5, S Wice sarogeds, €33 (G5 aad Phywicel wistes:

T Morchoms, 4ot S DV K. ica sevogeh, CSX(1 35 M guinactl  Wollow wable Uquid entire organisms to detect changes in their environment. This includes experiencing changes in temperature,
” . ¥ ' Botleg » . . . - -

- omapp o 2oaih S touch, taste and other stimuli (including pain).

Winke o WD e of afrpls Shimrien -

Metting Polne 5434 °C: Bating Pane 205°C (NN ’
Rosting Poiat 338115 C dec

po & - e A S
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TRPA1

CS and isothiocyanate compound
bind to the TRPAx receptor. Allyl

¥ Chicroscetophe nome odl # LR e i NN Ssltert [ ‘ > R ¥ <
Sy Symoryemo Sy Sy Sy isothiocyanate is the main pungent
e — o —, — ingredient in wasabi, horseradish,
r et am e o st S i i wmrlony o rvsin g and mustard oil - this chemical also
Boling Pelet 220°C Meking Pelet 5870 °'C Maltirg Point 4830 °C Ml Point 1943 °C Mg Poler 102 °C binds (o tMTRP‘l meptor‘

Badirg P 136 CA0. 1wy
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TRPV1

Capsaicin, homocapsaicin, and other
related compounds bind to the TRPVa
receptor. These chemicals are naturally
found in hot chili peppers.
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Toxic Industrial Chemicals

High

Ammonia (CAS# 7664-41-7)

Arsine (CAS# 7784-42-1)

Boron trichloride (CAS#10294-34-5)

Boron trifluoride (CAS#7637-07-2)

Carbon disulfide (CAS# 75-15-0)

Chlorine (CAS# 7782-50-5)

Diborane (CAS# 19287-45-7)

Ethylene oxide (CAS# 75-21-8)

Fluorine (CAS# 7782-41-4)

Formaldehyde (CAS# 50-00-0)

Hydrogen bromide (CAS# 10035-10-6)

Hydrogen chloride (CAS# 7647-01-0)
@n cyanide (CAS@

Hydrogen fluoride (CAS# 7664-39-3)

Hydrogen sulfide (CAS# 7783-0604)

Nitric acid, fuming (CAS# 7697-37-2)

@ene (CASH# 75-44-5)

v

. Some are
scheduled

TICs listed by hazard index

Medium

Acetone cyanohydrin (CAS# 75-86-5)
Acrolein (CAS# 107-02-8)

Acrylonitrile (CAS# 107-13-1)

Allyl alcohol (CAS# 107-18-6)
Allylamine (CAS# 107-11-9)

Allyl chlorocarbonate (CAS# 2937-50-0)
Boron tribromide (CAS# 10294-33-4)
Carbon monoxide (CAS# 630-08-0)
Carbonyl sulfide (CAS# 463-58-1)
Chloroacetone (CAS# 78-95-5)
Chloroacetonitrile (CAS# 7790-94-5)
Chlorosulfonic acid (CAS# 7790-94-5)
Diketene (CAS# 674-82-8)
1,2-Dimethylhydrazine (CAS# 540-73-8)
Ethylene dibromide (CAS# 106-93-4)
Hydrogen selenide (CAS# 7783-07-5)
Methanesulfonyl chloride (CAS# 124-63-0)

Low

Allyl isothiocyanate (CAS# 57-06-7)
Arsenic trichloride (CAS# 7784-34-1)
Bromine (CAS# 7726-95-6)

Bromine chloride (CAS# 13863-41-7)
Bromine pentafluoride (CAS# 7789-30-2)
Bromine trifluoride (CAS# 7787-71-5)
Carbonyl fluoride (CAS# 353-50-4)
Chlorine pentafluoride (CAS# 13637-63-3)
Chlorine trifluoride (CAS# 7790-91-2)
Chloroacetaldehyde (CAS# 107-20-0)
Chloroacetyl chloride (CAS# 79-04-9)
Crotonaldehyde (CAS# 123-73-9)
Cyanogen chloride (CAS# 506-77-4)
Dimethyl sulfate (CAS# 77-78-1)
Diphenylmethane-4.4'-diisocyanate (CAS# 101-68-8)
Ethyl chiroroformate (CAS# 541-41-3)
Ethyl chlorothioformate (CAS# 2941-64-2)

https://www.osha.gov/SLTC/emergencypreparedness/quides/chemical.html




