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TI TLE OF | NVENTI ON PREPARATI ON OF SYMVETRI CAL OR UNSYMMETRI CAL qg°qgf%£f+
DI SUBSTI TUTED N- CYANODI THI O M. NOCARBONATES Descri ption FlI ELD OF THE P‘&"
FNVENTI ON The invention relatés to processes for the preparation of

symmetrical or-unsymretrical disubstitutied N-cyanodithio- imnocarbonates.

Broadly, the process of the quqtr F%Nﬁ’r@ﬁdﬁ‘e step of contacting, in a

nmet hanol i ¢ solventfﬁﬁﬁ; S - all [err]
with at | east one ch@@ﬂgg ﬁ%;@h 9 &g{ ons _
sufficient to forma sym*re%rlca or unsym ‘et T formulal RS

where the R-group is-any suitable suf group. BACKGROUND OF
| NVENTI ON Di substituted N-cyanodit hler bonates have utility as

i ntermedi ates in organi c synt HABLR OF FHE BNNENTION net hy|

N- cyanodi t hi oi M RQE af DA Forl SrlhddY Qfm&:te%ée% €8¢ thePp2RPRZLEQRNO
H2- anti hi stam nes, spch as cinetidin

N-cyanodi t® oSYPHTELT Hb &#W%%f&ﬁ%?ﬁ?%&lﬁ&ﬁ&éa&-ﬁwénem&mpm cer
and anti setmthocyrioompoasds and is an internediate in the preparation of
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of contactlng, in a methanolic solvent system, a metal salt

of the anion of formula II

CN
S"/l\N/

I

with at least one compound containing an R-group under
conditions sufficient to form a symmetrical or unsymmetrical
compound of formula I

CN

where the R-group is any suitable substituent group.

BACKGROUND OF INVENTION
Disubstituted N-cyanodithioiminocarbonates have utility

as intermediates in organic synthesis. For example, dimethyl
N-cyanodithioiminocarbonate is an intermediate in the
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(1967) describe the preparation of dinmethyl N-cyano- dithioim nocarbonate:
by the nethylation of dipotassium N cyanodithioi m nocarbonate. The process
“of Timmons and Wttenbrook involves the nethylation of the dipotassiumN .
cyanodi t hi oi m nocarbonate in aqueous acétone with one equival ent of nethyl

i odi de. The potassi um nethyl N-cyano- dithioim nocarbonate product is then
i solated in about 95%yield. Then, the potassium methyl N-cyanodithioi m no-

car bonat e Ls.bLeal edh vt NuANGHIGH S vl enlawel, B8t Brhetodide. in acetone
N

whi ch pro cy ano |0|n1no- carhonate in ahout 58% yield.
VVttenbroole%thth@TQK%QQ4¥Fﬁyﬂﬂﬁm¥ﬂPQ?Fqﬁﬂ?F$)l&e§&59b5§e h&RpFBBar at i on
ﬁ: di rTEEj hﬁ}aﬁhﬁé{@@@ﬁét% Chndlrmmarabmwm:fgwmmbeydcpmpaandarmaal t sof
cyanodi t hi o; i minocarbonjc ac ' two nol ar
equi val ent 3% o het s l??ﬁi%ﬂeéh) %é%%ﬁ%%gﬂguspgﬁg Oﬁqugggg g%pota33|um
salt of N—cyanodﬂahtzs¢hrﬂmdﬂﬂﬂiﬁﬁkamn.dLQE&ugﬁtﬁaﬁ—EgﬁemL RBL1:28%, 743

(Reiter) d?f&é?feé?& 'Eﬁﬁﬁéﬁ&rhrm Y e RS et 380! caehut Bar1gkst he
di pot assi um sa

yanaodi t hi oi m nocar bg [ Wel and, Ph.D.
d|ssertatléh95v%s@eﬁFFtP?u%Pqﬁﬂﬁﬁﬁﬁﬁﬁ §¢2 165@@??b¥y°¥ 3PRaction with an
et hanol SUapenscmlﬁécihﬁomhmtlasmhﬁnnmlhyldtmmpénddpphaesmumob’ar boni ¢

acid. Suy ?Y?§881€?901£in5y béAdte N9 pXRAs %% ©3mdAélandescribe the

addition o urvalents of base t0o a sus %+on of carbon
I

di sul fi de YEsperkyyok cy%mlrﬁ% the gyt ioh afet Baragseem &rr1).
Val ek, Preigsnoanehbhehzebcarbor(dtaminl &{qiedidt acktdap aéshr bhe the

e oatoneSablgf B N AP hLIe] T e bRt

di ssol ved dhthieivhinocarbonate product is then 1solated in about 95%
yield. Then, the potassium methyl N-cyanodithioimino-
carbonate is treated with another equivalent of methyl iodide
in acetone which produces dimethyl AFcyanodlthlolmlno-
carbonate in about 58% yleld

Wittenbrook, J. Heterocyclic Chem. 12:37 (1975)

describes the preparation of dimethyl N-cyanodithio-
iminocarbonate from the dipotassium salt of N-cyanodithio-
iminocarbonic acid by a simultaneous addition of two molar
equivalents of methyl iodide to an acetone suspension of the
dipotassium salt of N-cyanodithioiminocarbonic acid.
Hungarian Patent No. 181,743 (Reiter) describes a reaction
with an aqueous ethanol solution of the dipotassium salt of

N-cyanodithioiminocarbonic acid. Wieland, Ph.D.

dissertation, West Virginia University (1971) descrlbes a
reaction with an ethanol suspension of the dipotassium salt
of N-cyanodithioiminocarbonic acid. Suyama and Odo, J._Svn.
Org. Chem., Japan, 29:65 (1971) describe the addition of two
molar equivalents of base to a suspension of carbon disulfide
(Csz), cyanamide (HZNCN) and methyl iodide (CHBI).

Walek, Preiss, and Dietzel, Z. Chem. 18(4):144 (1978)
describe the preparation of dimethyl N-cyanodithioimino-
carbonate by adding one equivalent of dimethyl sulfate to a
mono-methyl N-cyanodithioiminocarbonate dissolved in acetone.
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-3- Tronpen, Ceevers, and Hackmann, Rec. Trav. Chim 90:463 (1971) describe
a nmethylation of the dlpotaSS|un1saIt of N- cyanodit hi oi m nocarbonic acid
in water. Hungarian Patent No. 181743 (Reiter) describes a reaction with
the addition of two nolar equival ents ofy di nethyl sulfate or a nethyl
halide in a solvent of aqueous ethanol, aqueous 1-propanol or aqueous 2-
propanol . Czechosl ovaki an Patent No. 221221 (Vejdelek et al.) describes the
addition of two nolar equivalents of a nmethyl halide or dinethyl sulfate in
a sol vent BfomRgRoUSeeNeRHolanddlasimamn prRgndiray,. §8iBeyu8024pBopanol .
SUMVARY OF(iMMa@tfme thendtH PRSP o f Nend rm%tcla@amhesh@errbf N-
"symretrical " aracterjzes ﬁidlsubstj uted N-c nocar ponat e

as havi ng fﬁﬁp? E?T%%Wl% IR EGID U RE EQBE?ﬁBSgéCSFCtHQ
i nventi on 18&742r (Réimsymuissdmidie's @mmuamrze&b@ ¢heubdditdbrdof two

N- cyanodi tJﬂbPéf“ @%&mse B da%m,i V%Pfitfeero‘?:ma &ubggit gsmadgr oupg R

For exanpl e, ound of the generdl fornula [err] e a symmetri cal
or unsynne??1%%¥tc%ﬁp§EH&P (ﬁﬁhﬁ??%ﬂﬂFQ¥?ﬁﬂFtiaHQQﬁéﬂéﬁdeﬁtP?“H@Pﬁn@d for

exanpl e, asr@panslit abitechoskchralGidistpatent Npy.oWB21281cqwpddalilerf ethe

fol | ow ng ffrpuéescrf¥es the addition of two molar equivalents of a
methyl halide or dimethyl sulfate in a solvent of aqueous
ethanol, aqueous l-propanol or agueous 2-propanol.

-SUMMARY OF INVENTION
For the purposes of the invention the term

"symmetrical" characterizes a disubstituted N-cyanodithio-
iminocarbonate as having two identical substituent groups R.
For the purposes of the invention the term "unsymmetrical"”
characterizes a disubstituted N-cyanodithioiminocarbonate as
having two different substituent groups R. For example, a
compound of the general formula I

CN

"may be a symmetrical or unsymmetrical compound because each R
may be independently defined, for example, as any suitable
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[err] I-Ais a symretrical disubstituted
N- cyanodi t hi oi m nocar bonat e because both of the substituent groups are
nethyl A conpound of the following forrmula I-B [err]

|-B is an unsymmetrical disubstituted N-cyanodithioim nocarbonate because
one substituent group is nethyl and the other substituent group is ethyl.
For the purposes of the invention, the term"netal salts" includes netal

sal ts having nonoval ent, bivalent and fractions of polyvalent netals
suffici ent sybssisHeatt Ba,foumonbcc@mmlg@dmftﬁ@e skptlowinedammudla sda s are
al so contenplated. Also, the term"netal hydroxide" includes hydroxi des of
nonoval ent, bivalent and fractions of polyvalent netals. For the purposes
of the |nvent|on thedgerig "Goup 1 or Goup 2 nmetal s" includes all metals
fromGoups 1 and 2 of the Periodic Table. Also, for the pur poslesa of the

I nvention, the term"methapolic sggnent systent includes nethanol, aqueous
met hanol , or any pxtl of nts including nethanol. For -5-
exanpl e, a met hano i3 sol vent system may i ncl ude net hanol and one or nore
ot her solvents, such as water, ethanol or acetone. The invention provides a
novel process f or preparing synnetrical and unsymmretrical disubstituted

N- cyanodi t hi o-

is a symmetrical disubstituted N-cyanodithioiminocarbonate
because both of the substituent groups are methyl. A
compound of the following formula I-B

CH,CH,-S I-B
CN

CH, -§ N~

is an unsymmetrical disubstituted N-cyanodithioiminocarbonate
because one substituent group is methyl and the other
substituent group is ethyl.

For the purposes of the invention, the term "metal
salts" includes metal salts having monovalent, bivalent and
fractions of polyvalent metals sufficient to balance the
anionic charge in the salt. Mixed metal salts are also
contemplated. Also, the term "metal hydroxide" includes
hydroxides of monovalent, bivalent and fractions of
polyvalent metals.

For the purposes of the invention, the term "Group 1 or
Group 2 metals" includes all metals from Groups 1 and 2 of
the Periodic Table.

Also, for the purposes of the invention, the term
"methanolic solvent system" includes methanol, aqueous
methanol, or any mixture of solvents including methanol. For
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i m nocar bonates. The invention can al so provide a novel process for
preparing a symretrical or unsymmetrical disubstituted N

‘cyanodi t hi oi mi no-carbonate which can be rapid and efficient and which can
provi de good product yield and purity. gThe invention further provides a

met hod for preparing a symetrical or unsymmretrical disubstituted

N- cyanodi t hi o- i m nocarbonate which can be efficiently perfornmed on a | arge

scale, including an industrjial scale. One aspect of the inventionis a
process i A¥8MRLRg BhBeEhaRObic cRIRLVRRE Y SEIM SMAetiRgdddec "eshaBRL apstem a
G oup 1 obned OBt Abreabthet &dEventdN HicH cisnuwardd, ehahod bl at | east one
conpound cog%ghging an R-group under conditions sufficient to forma
synnetricﬁF ransymetrical conpound of formula | RS -6- where Ris
any suitabl e suBbei towantipouprovidefher neRktpxsicesi$e fiogy erepering to

provi de aspracesscuhi GHal BNSYHEST £1ea Bl@DSIEE i ibleds WAaHbAY thiiB -2
met hanol i ¢ sol vent system cyanam de, carbon disulfide, and a Goup 1 or 2
metal hydiBkPREAERABALESNdi ti ons sufficient to produce a Group 1 or 2 netal

salt of the ani gheofinfrengiiba ¢an|[#£rsd puwvidd = owvadt prgceesisd £6roup 1 or 2
met al Sal%rggagggg a symmetrical or unsymmetrical disubstituted N-
cyanodithiocimino-carbonate which can be rapid and efficient
and which can provide good product yield and purity.

The invention further provides a method for preparing a
symmetrical or unsymmetrical disubstituted N-cyanodithio- |
iminocarbonate which can be efficiently performed on a large
scale, including an industrial scale.

One aspect of the invention is a process involwving the,
step'of contacting, in a methanolic solvent system, a Group 1
or 2 metal salt of the anion of formula II

s-

CN
S_‘/‘\N/

II

with at least one compound containing an R-group under
conditions sufficient to form a symmetrical or unsymmetrical
compound of formula I

CN
R-S /k N I
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anion of fornmula Il of (a) with at |east one conpound containing an R-group
under conditions sufficient to forma symetrical or unsymetrical conpound
of formula | [err] where the R group is any suitable substituent group. A
further aspect of the invention is a proéess which involves contacting, in
a nmethanolic solvent system a Goup ~ -7- 1 or 2 metal salt of the anion
of formula Il [err] with at | east one conpound containing an R-group under

SUffiCient[égg?éd%ere t Qéﬁgg%ﬁe sSparetLLgal ggugnsynnetrlcal conmpound of

formula | I'S any suita ubstituent group. The
i nvention furtherAﬁﬁQhﬁ¥k§§R¥CGr@@e§§ewhpﬁﬁnFﬁ96l@ést%oﬂ¥%ﬁ¥¢%gﬁ pProQess

met hanol i ¢ glRlMeninvySi@MtR FRYsablgal i ne netal salt of nmet hyl

N- cyanodi t hi oi mi n carbon e and a, nethée%hl agen 1 g condltlons
sufficient to pro e N—&yaﬁo noc t&5hBre said
al kal i ne rred;mnam@dumhm gasadSiide, Thd anﬁanvpoh arsb !pﬁ!ba!l des a

process whi giq} g é’%&‘élnt&%tdlflﬁon'snsﬁf'f&@i@ﬁ@ k6 pRbYesL §y§£&ﬂg> £ or

bi s- alkallne netal salt of N—cyanodlt i m ngcarhonate and a yl at1 ng
agent under c%ﬁ&ﬁ%lﬁﬁﬁFsﬂﬁf NG @Reofp O r gEReidi Mdt hyl N

cyanodi t hi oi m nocar bonate, where said alkaline netal is sodium or
pot assi um

s-

CN
S-/KN/ II

and (b) contacting said Group 1 or 2 metal salt of the
anion of formula II of (a) with at least one compound
containing an R-group under conditions sufficient to form a
symmetrical or unsymmetrical compound of formula I

CN
R-S J\-N/ | | I

where the R-group is any suitable substituent group.
A further aspect of the invention is a process which
involves contacting, in a methanolic solvent system, a Group
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The invention al so provides a | arge scal e process which involves the step
~of contacting, preferably in a nmethanolic -8- solvent system a Goup 1
“or 2 netal salt of the anion of fornmula Il [err] with nmethyl chloride under

conditions sufficient to forma conpound of formula I-A [err] I-A Qher

features and advantages of the inventidn-will be set forth in the

description which follows, and in part wll be apparent fromthe
description, or may be | earned by practice of the invention. The features
and adva tage e .pven n %5$ bt ai ned by neans of

t he procgssgéaseetégtsa ﬂé gh g?%% enﬁﬁgentlon Is directed to

a process for the preparation of synnetrlcal or unsymmetrical disubstituted
N- cyanodi t hi oi m nocarbonate. Symmetrical or unsymretrical disubstituted
N- cyanodi t hi oi mi nocar bogrates have utility as internmediates in organic

synthesis. A process ac ording to the invention for the preparation of a
symetrical or unsymetlical dieMbstituted N-cyanodithioim nocarbonate may

i nvol ve the step p¥selbnta Nnﬁ in a nmethanolic solvenTXystem a Goup 1
or 2

with at least one compound containing an R-group under
sufficient conditions to produce a symmetrical or
unsymmetrical compound of formula I

CN
R-S"/J\\‘N’/, _ 1

where the R-group is any suitable substituent group.

The invention further provides a process which involves
contacting, in a methanolic solvent system, a mono-alkaline
metal salt of methyl N-cyanodithioiminocarbonate and a
methylating agent under conditions sufficient to produce
dimethyl N-cyanodithioiminocarbonate, where said alkaline
metal is sodium or potassium.

The invention also provides a process which involves
contacting, in a methanolic solvent system, a bis-alkaline
metal salt of N-cyanodithioiminocarbonate and a methylating
agent under conditions sufficient to produce dimethyl N-
cyanodithioiminocarbonate, where said alkaline metal is
sodium or potassium.

The invention also provides a large scale process which
involves the step of contacting, preferably in a methanolic



-9- netal salt of the anion of formula Il [err] with at |east one conpound
contai ning an R-group under conditions sufficient to forma symetrical or
“unsymmetrical conpound of fornmula | [err] where the R group is any suitable

substituent group. Preferably, the conpound or conpounds contai ning an
R-group contacted with the Goup 1 or~28netal salt of the anion of fornula
Il provide at |east two nolar equivalents of the group R The total anount
of the compound or conpounds containing an R-group nay be contacted with

the Group sblefent Bistlenbalal cRbubhe 8Ri 8Nm@tal O aof I ARUH Jde sane
time. Alternativel t he conpound or conpounds containing an R- group may

VA
be added i QWH%qFﬁ% addition steps, preferably two addition steps. In a
preferred enbodi nent, R X is a conpound containing an R-group and Mis a
cation or cations fromthe Goup | or Goup Il netals which bal ance the
anionic charge. This g= - 10 - process may be depicted as follows: [err] As
shown in the above di ggram and according to the invention, the preparation
of a symmetrical or u synnetrbﬁal di substituted N cyanodithioi m nocarbonate
may be acconplis N IT

with methyl chloride under conditions sufficient to form a
compound of formula I-A

CH3-5

/K I-A.
CcN

Other features and advantages of the invention will be
set forth in the descxiption which follows, and in part will
be apparent from the description, or may be learned by
practice of the invention. The features and advantages of
the invention may be realized and obtained by means of the
processes set out in the appended claims. '

The invention is directed to a process for the
preparation of symmetrical or unsymmetrical disubstituted N-
cyanodithioiminocarbonate. Symmetrical or unsymmetrical
disubstituted N-cyanodithioiminocarbonates have utility as
intermediates in organic synthesis.

A process according to the invention for the
preparation of a symmetrical or unsymmetrical disubstituted
N-cyanodithiociminocarbonate may involve the step of
contacting, in a methanolic solvent system, a Group 1 or 2
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by either of the alternative reaction schenes. A preferred enbodi nent of

the invention is a process involving the steps of: (a) contacting, in a

ret hanol i ¢ sol vent system cyanam de, carbon disulfide, and a Goup 1 or

net al

nmet al

contai ning an R-group under conditions sufficient to forma

hydr oxi de under conditions sufficignt to produce a Goup 1 or 2
salt of the anion of forrmula Il [err] (b) contacting said Goup 1 or
salt of the anion of fornmula Il of (a) with at | east one conpound
symetrica

or unsymetmeted saditpefndhef anapnuPl foreniy Where the R-group is any

sui tabl e substituent group. In a preferred enbodinent, R X is a conpound

containing an R-group, Mis a cation or cations fromthe Goup | or G oup
met al s whi ch bal ances $fie ani onic charge, and (3-n)M[err] (OH) [err]

a Goup |
depicted as fol l'ows: Eer R- XChhe invention also relates to a process
whi ch invol ves contac

12 -

or Il nmetal hydrjoxi de where nis 1 or 2. This process my be

ing, i nmet hanol i ¢ sol vent systenyyxa G oup 1 or

with at least one compound containing an R-group under
conditions sufficient to form a symmetrical or unsymmetrical
compound of formula I '

CN
R-S"/l-‘ﬂ‘/’ I

where the R-group is any suitable substituent group.
Preferably, the compound .or compounds containing an R-group
contacted with the Group 1 or 2 metal salt of the anion of
formula II provide at least two molar equivalents of the
group R. The total amount of the compound or compounds
containing an R-group may be contacted with the Group 1 or 2
metal salt of the anion of formula II at about the same time.
Alternatively, the compound or compounds containing an R-
group may be added in multiple addition steps, preferably two
addition éteps.

In a preferred embodiment, R-X is a compound containing
an R-group and M is a cation or cations from the Group I'or
Group II metals which balance the anionic charge. This

2

2

net al

2

is
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metal salt of the anion of formula Il [err] with at |east one conpound
contai ning an R-group under conditions sufficient to produce a synmetrical
or unsymetrical conpound of fornula | [err] where the R-group is any
sui tabl e substituent group. Preferably, tthe conpound or conpounds
containing an R-group provide at |east one nolar equivalent of the group R
and | ess than two nol ar equivalents of the group R In a preferred
enbodi nent, . R- Xrpsess maypwudepictrtiaanifprylews:R-group and Mis a cation or
cations fromthe Goup | or Goup Il netals mhich bal ance the anionic
charge. This process may he . depicted as follows: &% -13 - Anot her

%h invol ve

pr ef errg enbodi rrent of thexl nveniipf is procegs
contactl g,f/lsﬁi armor Tt soTvent st a,kﬁ“ -arkartme net allgal t_of
the anio ﬂﬁla Il [err] with aN*TFeast one €onpound cont#ni ng*an

R-group under cqnditions sufficient to produce a conpound of fornmula | RS
where the R-grouR i s any suitable substituent group. Preferably fhe
conmpound or conpotyds cont ai ni ng an, R— gLoup provi de at |east two nol ar

equi valents of theNroup R In a preferred enbodi ment, R- X is/a conpound
cont ai ni ng

As shown in the above diagram, and according to the
invention, the preparation of a symmetrical or unsymmetrical
disubstituted N-cyanodithioiminecarbonate may be accomplished
by either of the alternative reaction schemes.

A preferred embodiment of the invention is a process
involving the steps of:

(a) contacting, in a methanolic solvent system,
cyanamide, carbon disulfide, and a Group 1 or 2 metal
hydroxide under conditions sufficient to produce a Group 1 or
2 metal salt of the anion of formula II

(b) contacting said Group 1 or 2 metal salt of the
anion of formula II of (a) with at least one compound
containing an R-group under conditions sufficient to form a



an R-group and Mis a cation or cations fromthe Goup | or Goup Il netals
whi ch bal ances the anionic charge. This process nmay be depicted as foll ows:
“lerr] - 14 - The above reactions of the invention and their preferred
reactants and conditions are detail ed below. Preparation of Metal Salts of
N- cyanodi t hi oi mi nocar bonates Metal sattist of N cyanodithi oi m nocar bonat es
have been prepared by various nethods, such as contacting cyanam de and
carbon disulfide, in a solvent of aqueous ethanol, water or absolute
et hanol, wt L UL ' o] lye, Ti nmmons and
VthenbrookF@Egeésggg%ﬁéﬁéﬁn%%?sg%g%%gg%%%?#ﬂggfg? f%ﬂﬁﬁ%?éparation of a
nmetal salt of N-cyano- dithioimnocarbonate in which solid cyanam de and
solid potassium hydroxi dg_geact in ethanol followed by isolation of the
precipitated solid product] Weland, Ph.D. dissertation, West Virginia
University (1971), and Q%AiLES andefanmpbel I, J. Org. Chem, 32, 2567 (1967)
descri be a process iR¥8IVI ng Re~Teaction of aqueous cyagam de and aqueous
KOH in 85-90% et hanol followed by isolation of the precipitated solid.
Hungari an Patent No. 181,743 (Reiter). describes the reaction of aqueous
cyanam de and aqueous KOH in 60% et hanol foll owed by isolation of the
di potassiumsalt product. U S. Patent No. 2,816,136 (Pera) refers to the
reaction of alkali or alkaline earth netal hydroxi des and al kali or
al kal i ne eanjHer@etak RYGFGUP deSan suitable substituent group.

In a preferred embodiment, R-X is a compound containing
an R-group, M is a cation or cations from the Group I or
Group II metals which balances the anionic charge, and
(3-n) MY (OI-I')n is a Group I or II metal hydroxide where n is
1 or 2. This process may be depicted as follows:

o ff 7
CSZ- + HZNCN + (3-n) (OH )n ————g 3_/\"/::4/: |
ReX
| 2 R-X
$° R-X R-S§

t M/2
[u-s )\”/cx) - I_,/k,‘/c"

The invention alsc relates to a process which inveolves
contacting, in a methanolic solvent system, a Group 1 or 2



an all-aqueous system According to the invention, the preparation of a
Goup 1 or 2 netal salt of N-cyanodithioi mnocarbonate nay involve
contacting cyanam de, carbon disulfide, and a Goup 1 or 2 netal hydroxide,
in a nethanolic solvent system under %Qngitions sufficient to produce a
Goup 1 or 2 netal salt of - 15 - thé anion of formula Il [err] In a
preferred nethod according to the invention, a solution of agueous
cyananm de and carbon disulfide is contacted with a Goup 1 (al kaline) netal
hydr oxi de,metanla settharfolthe aalivenbfsf¥stranilat ®Ipr oduce a bi s-al kal i ne net al
salt of N-cyanodithio-imnocarbonate. The preferred nethanolic sol vent
system nmay be net hanol, aqueous nethanol, or any m xture of solvents

i ncl udi ng net hanol . For exanple, a nethanolic solvent system may include
met hanol and one or nore her solvents, such as water, ethanol or acetone.
Preferably, the amount of Jrethanol _in the reaction mxture is at |east 25%
of the total volune ; LhecEarbon di sul fide vol une. More
preferably, the ano@ﬁ%xof mettanol in the reaction m xtur&Ils about 90% of
the total volune, excluding the carbon disulfide volunme. Mst preferably,

t he amount of methanol, particularly on a large industrial scale, in the
reaction mxture is about 50% of the total volune, excluding the carbon:

di sul fide volune. Lower percentages of mnethanol may

with at least one compound containing an R-group under

conditions sufficient to produce a symmetrical or
unsymmetrical compound of formula I

where the R-group is any suitable substituent group.
Preferably, the compound or compounds containing an R-group
provide at least one molar equivalent of the group R and less
than two molar equivalents of the group R.

In a preferred embodiment, R-X is a compound containing
an R-group and M is a cation or cations from the Group I or
Group II metals which balance the anionic charge. This
process may be depicted as follows:

- R-X

R=S
N/ R=S N/

R=S



al so be used. The reaction m xture containing a | ower percentage of
~nmet hanol may have sonme green or orange discoloration, which is not
necessarily undesirable. In a further preferred enbodi nent of the
invention, a mxture of aqueous cyanamni de, preferably in a 50% aqueous
sol ution, and carbon disul fide (CS2)" i3 et hanol, preferably 50% by vol une
of the total solution volune, excluding the CS2 volune; is cool ed
preferably to 20[err]C and a netal hydroxi de, preferably a 50% aqueous
sol ution, is Hﬂsmﬁs%f@iye Vfbdtimer ¢ tndSiRvBHteoRekod. The

co

reacti on can be I n about hours. . This rﬁacth gr duces a
yel | ow sopnweﬁs\mbhcla h§m¥m5t%9rbﬂ%e.ﬂ%f&$e AR 8f "GERBPEIEY PO8VENCThe

preferredg l\ysee@t a8 Beshanpiiinsaheredll syt ef ithet ha:.pnodlﬁcflommudﬁa mEt al
salts of cyanodi t hi oi m nocar bonate can be a significant inprovenent over
ot her solvent systens. For exanple, the reaction for the production of a
bi s-al kaline nmetal salt of _N-cyanodithioi m nocarbonate may be perforned in
et hanol . However, a react®on in a nethanolic solvent system possesses
several advantages over ajreaction_jn ethanol or other known sol vents
including, inter alia r , a greater ease of s ration from

wat er for reuse, and %1h|gher purity product. These netal alts of

N- cyanodi t hi oi mi nocar bonates can be used in further reactions, for exanple,
to produce a nono- al kaline netal salt of nono-substituted N cyanodithio-

i m nocarbonate or to produce a disubstituted N cyano-

with at least one compound containing an R-group under
conditions sufficient to produce a compound of formula I

CN

where the R-group is any suitable substituent group.
Preferably the compound or compounds containing an R-group
provide at least two molar equivalents of the group R.

In a preferred embodiment, R-X is a compound containing
an R-group and M is a cation or cations from the Group I or
Group II metals which balances the anionic charge. This

process may be depicted as follows:

2 R-X
eN ’/J\\
-—’J"‘-u"’ - R-s w""
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di t hi oi m nocarbonate. The netal salts of N-cyanodithioimno- carbonates may
be kept in the aqueous nethanol reaction solution or they may be isol ated
prior to further reactions. Preparation of Metal Salts of Mno-

S- Substi tuted N Cyanodithi oi m nocarbonates A nono-S-substituted

N- cyanodi t hi oi mi nocar bonate has been prepared by a nethod reported by

Ti nmons and Wttenbrook, J. Org. Chem, 32:1566 (1967). In Timons and

W ttenbrook, potassiun1nethy| N-cyanodi t hi of m nocar bonat e is prepared by
addi ng a sol ut] met h | odide in acetone at abou Cto an
aqueous acet ongggof" PVEnT ?CH?'%%? a%é UM NSRS tafﬂdgt% %’Fﬁ&ﬁﬁr@d The
reacti on meatbastssapdncendiaiens arel ddmaigrestitgtlavws freed fronlthe

pot assi um i odi de (KI) by-product by dissolving the product in acetone and
removi ng the Kl by f||trat|on The acetone soI utlon 1S concentrated and the
solid prodEERREE £388L088 ALl o$2 N eecesseE8accordi ng
to the |nventlMataﬂ.heamtepafw+@yamdahmmlr&ﬁarhﬁnm%ﬁv%ulb‘éteht ut ed
N—cyano- c rapi ff (I

br i orar ¢ BprBased. 89 Fha 2035 CnE g RCh LA chrtieeding. EhRllanli sl A g
in a net hancbpa §é|5\}éﬁﬂ-d§ysi-@n$ e renp af aauequa @tl@aﬂql.owattm- @ on of

fornula I hpkenateVetRadbll eaﬁthoales&mmmcbs:cmtn@cmlnmye&o&l%oup Féder

condi i ons sufficignt Lo.forma Gagp der 2 el gall ohylhg g on of

(1967) refer to a preparation of a metal salt of N-cyano-

dithioiminocarbonate in which solid cyanamide and solid
potassium hydroxide react in ethanol followed by isolation of
the precipitated solid product.

Wieland, Ph.D. dissertation, West Virginia University
(1971), and D’Amico and Campbell, J. Org. Chem., 32, 2567
(1967) describe a process involving the reaction of aqueous
cyanamide and aqueous KOH in 85-90% ethanol followed by
isolation of the precipitated solid. Hungarian Patent No.
181,743 (Reiter) describes the reaction of aqueous cyanamide
and aqueous KOH in 60% ethanol followed by isoclation of the
dipotassium salt product. U.S. Patent No. 2,816,136 (Pera)
refers to the reaction of alkali or alkaline earth metal
hydroxides and alkali or alkaline earth metal cyanamides in
an all-agueous system.

According to the invention, the preparation of a Group 1
or 2 metal salt of N-cyanodithioiminocarbonate may involve
contacting cyanamide, carbon disulfide, and a Group 1 or 2
metal hydroxide, in a methanolic solvent system, under
conditions sufficient to produce a Group 1 or 2 metal salt of



R-S where the R-group is any suitable substituent group. Preferably,
conpound or conpounds containing an R-group provide at |east one nol
equi val ent of the group R and |l ess than two nol ar equival ents of the group
R The nethanolic sol vent system nmay be nethanol, aqueous mnet hanol,
m xture of solvents including nmethangls, .as descri bed above. Preferre
nmet hanol i ¢ sol vent systens for the preparation of netal salts of
nono- S- substituted N-cyano- dithioimnocarbonates are the same as those
described for the pregaratlo&]ef netal salts of

N- cyanodiftthidtiRth&a

- 18 - The group represented by R

preferably selected from substituted or unsubstituted, branched or
unbranched Cerr]-Cerr] al kyl, C2-C20 al kenyl or C2-C20 al kynyl gro
nmonocyclic or polycyclic,g4used or nonfused, carbocyclic or heterocy

substituted or unsubstituted aryl groups; hydrogen; and non- aryl,
nmonocyclic or poncycLLSktg:fed og nonfused, substituted or unsubsti
heterocyclic groups; g P

erably sel ected from thi osul f onat

sul fonat es, thioesters and thlocarbanates In a further Pleferred
enbodi ment, R is selected fromsubstituted or unsubstituted, branche
unbranched (ferr]-Cerr] alkyl groups. Mre preferably, Ris nethyl,

propyl,

or isopropyl, and nost preferably, Ris nmethyl. In a preferr

enbodi ment, the conpound containing an R- group is a group R-X, wher
chloride, iodiflea greddrd@domethod according to the invention, a

solution of aqueous cyanamide and carbon disulfide is
contacted with a Group 1 (alkaline) metal hydroxide, in a
methanolic solvent system, to produce a bis-alkaline metal
salt of N-cyanodithio-iminocarbonate.

The preferred methanolic solvent system may be methanol,
aqueous methanol, or any mixture of solvents including
methanol. For example, a methanolic solvent system may
include methanol and one or more other solvents, such as
water, ethanocl or acetone. Preferably,'the amount of
methanol in the reaction mixture is at least 25% of the total
volume, excluding the carbon disulfide volume. More

- preferably, the amount of methanol in the reaction mixture is

about 90% of the total volume, excluding the carbon disulfide
volume. Most preferably, the amount of methanol,
particularly on a large industrial scale, in the reaction
mixture is about S50% of the total volume, excluding the
carbon disulfide volume. Lower percentages of methanol may
also be used. The reaction mixture containing a lower
percentage of methanol may have some green or orange
discoloration, which is not necessarily undesirable.

In a furthér preferred embodiment of the invention, a
mixture of aqueous cyanamide, preferably in a 50% aqueous
solution, and carbon disulfide (CS ) in methanol, preferably
50% by volume of the total solutlon volume, excluding the Cs,
volume; is cooled preferably to 20°C and a metal hydroxide,
preferdbly a 50% aqueous solution, is added preferably over a

t he
ar

or any
d

S

ups;
clic,

t ut ed
es;

d or

et hyl,
ed
e Xis



a group R-X-R, where X is a divalent group such as sulfate 2- (SO[err] ).
For exanple, the conpound containing an R-group nay be selected from

met hyl ati ng agents CH err] X and (CH err])[err] X, such as nethyl chloride,
met hyl iodide, or dinethyl sulfate. In a preferred enbodi ment, the conpound
containing an R-group is nethyl chlaride_In a preferred enbodi nent of the
I nvention, an aqueous nethanolic solution of a bis-alkaline netal salt of
N- cyano- dithi oi mi nocarbonate, such as di sodi um N-cyanodi t hi oi m no-
carbonat e or di potassi um N-cyanodit hi oi m nocarbonate, is treated with a
conpound £ominwlegenidd gr iy ucitian wenhpe chhpiéded dnssbbuedzin

met hanol ﬁguf@awm&ffé%wqm duddlsl %@@1&@&&&19 ibQ Wiepase a

nono- S-substituted N-_ cyanodith m nocar, bonat e suc as sodi um net hyl
N-cyano- REYHTd nFRREFDORA é"'br°€p§te§§§r3&|3n¥rr3t'ﬁy§ N- cyanodi t hi oi ni no-
carbonate, is Thosapbedfergehaersd lof aberthinbabitssolvent eagséton DhXxtHee can

be Conceg&f&}f&i&n "SE Rl al @ﬁf&r Rgngl. ?QQOH§9h§{:§rRéQ§c£§§8ﬁége LQduct.

Where th 'S a so I um sa thé so
cyanodi t H&i 3 fbgRiborrate mm“%n OHérOEFHPﬁeGOh‘ée@t vé¥ebemsyel Fow

m xture V@bk Pé\n tﬁ%‘tﬁéébdm fo\ﬂh@h% bﬁ'@ductloﬁgof §ai>isl§1)%aP9ﬁé55' um
salt, the SSIf HFWE 6¥ 1 3 E n g\ g qasdgroggct an be
obt ai ned VRt Wi SRR TR ot iR §F§ gPf&d @ﬂ% At -Cthe
nnno-S-smmmanQﬁexiH@wever, a reactlon in a methanolic solvent system
possesses several advantages over a reaction in ethanol or
other known solvents including, inter alia, a lower cost, a
greater ease of separation from water for reuse, and a higher
purity product. |
These metal salts of N-cyanocdithioiminocarbonates can be
used in further reactions, for example, to produce a mono-
alkaline metal salt of mono-substituted N-cyanodithio-
iminocarbonate or to produce a disubstituted N-cyano-
dithioiminocarbonate. The metal salts of N-cyanodithioimino-
carbonates may be kept in the aqueous methanol reaction
solution or they may be isolated prior to further reactions.

Preparation of Metal Salts of Mono-
S-Substituted N-Cyanodithioiminocarbonates

A mono-S-substituted N-cyanodithioiminocarbonate has
been prepared by a method reported by Timmons and
Wittenbrook, J. Org. Chem., 32:1566 (1967). In Timmons and
Wittenbrook, potassium methyl N-cyanodithioiminocarbonate is.
prepared by adding a solution of methyl iodide in acetone at
about 0°C to an aqueous acetone solution of dipotassium N-
cyanodithioiminocarbonate. The reaction mixture is
concentrated, and the product is freed from the potassium
iodide (KI) by-product by dissolving the product in acetone
and removing the KI by filtration. The acetone solution is
concentrated and the solid product is washed with ether.



cyanodi t hi oi m nocar bonate product can be purified with at | east one

sol vent, such as acetone and/or dichl oronethane, prior to any further
reactions. A purification step nay be perforned to render the
nono- S- substituted N-cyanodithio- imnocarbonate product essentially, or
totally, free of by- products. The soljisd .product nmay be freed from
by-products, such as Nadl or KO, by dissolving the product in a suitable

" solvent, such as acetone, and filtering. The solvent solution can then be

concentrated to recover the solvent and, if concentrated, the resulting
solid can be pUsingetheyprecgrsrl mFdardinguitcathe dgveskionsutheas

di chl or ongi-&gacacieh Sf St e 441 ofS WohAS -3UbkAkheed W-EPaasltation.
hen be filtered and the sol.id can be dr'%gé Any

The resul ant.slurrg cgﬂ t el

di subst i t 3t BRFRLTEPOCRERIAALE (FAP fGEIHy T8RIG, angs efficient than

N- cyanodi phior nano- peebesse=. WiTheh procdse ©ff gheedngrentagnt eyr eacti on can
be isol atef,L1om L8ge Lt ih }fﬁn'théH 1R db9§ ek %P@E?ﬁg?ﬁeb?éﬂgeior the

purification 1s an_inprovenrent over the use of dieth becau

unl i ke di @Fhy| meEadrsalt cpf drisaHae 9k fesmudaaddabl e and does not form
per oxi des. The product may then be dried either in air for about twelve
hours or under vacuum at about 50[err]C for about two hours. These netal
salts of nDno-S-substitFLed N- cyanodi t hi o- i m nocarbonate, which are
preferably essentially firee of by- products and contam nants, nay be used
in further reactions églg;gducecgcw exanple, symetrical or unsymretri cal
di substituted N-cyagedlt N fiocar bonat es. I

with at least one compound containing an R-group under
conditions sufficient to form a Group 1 or 2 metal salt of
the anion of formula III

N
R-S /‘\N/ ITI

where the R-group is any suitable substituent group.
Preferably, the compound or compounds containing an R-group
provide at least one molar equivalent of the group R and less
than two molar equivalents of the group R.

The methanolic solvent system may be methanol, agueous
methanol, or any mixture of solvents including methanol, as
described above. Preferred methanolic solvent systems for
the preparation of metal salts of mono-S-substituted N-cyano-
dithioiminocarbonates are the same as those described for the
preparation of metal salts of_NLcyanodithioiminocarbonates.



- 20 - Preparation of Symmetrical or Unsymmetrical D substituted

~N-cyanodi t hi oi m nocarbonates Di met hyl N-cyanodithioi m nocarbonate has been
prepared, for exanple, by reacting dipotassium N cyanodithi oi m no-

carbonate with two nol ar equivalents of a nmethylating agent of nethyl

i odide or dinmethyl sulfate, as noted ggove in the articles by Wttenbrook

(1975), Suyama (1971) , Tronpen (1971), Reiter (1980) and Weland (1971)

- The process according to the invention involves the step of contacting, in

a nethanolic solvent system a Goup 1 or 2 netal salt of the anion of

formula Il [erTe Wrdumtrdmeasensed dynBousdprefeniblngsake e dirporunder

Cond'tlorswéﬂﬂe&dee&' lod QDA L EREt Bi-aabneb HPSNHEfFé:{ér?@d corpound of

formula | Slerr] ere the Rg roug i's any suitable substituent2@roup.
The i nverﬂ%‘ﬁﬁ- alSsp Yr REYd &pFackes F‘M%PW nGEPHRS 5tBReDSl fg)or
cont act i ngployaren dle, fusid @r dmnthfsede capboaycl basor dner dxampclli®r 2 rret al

0L S GO0 W upert chl e AU §EBRDS! CnPARSYE; Brd W O

net al sal
aryl, monocyclic or polycyclic, fused or nonfused,

substituted or unsubstituted heterocyclic groups; or R-S is
preferably selected from thiosulfonates; sulfonates,
thioesters and thiocarbamates. In a further preferred
embodiment, R is selected from substituted or unsubstituted,
branched or unbranched C C6 alkyl groups. More preferably,
R is methyl, ethyl, propyl or isopropyl, and most
preferably, R is methyl.

In a preferred embodiment, the compound containing an R-
group is a group R-X, where X is chloride, iodide, bromide or
a grgup R-X-R, where X is a diwvalent group such as sulfate
(so

4
be selected from methylating agents CH,X and (CH3)2X, such as

). For example, the compound containing an R-group may

methyl chloride, methyl iodide, or dimethyl sulfate. 1In a
preferred embodiment, the compound containing an R-group is
methyl chlorigde. '

In a preferred embodiment of the invention, an agueous
methanolic solution of a bis-alkaline metal salt of N-cyano-
dithioiminocarbonate, such as disodium N-cyanodithioimino-
carbonate or dipotassium N=cyanodithioiminocarbonate, is
treated with a compound containing an R-group, such as methyl
chloride, dissolved in methanol or neat, preferably neat,
until the reaction to prepare a mono-S-substituted N-
cyanodithioiminocarbonate, such as sodium methyl N-cyano-
dithioiminocarbonate or potassium methyl N-cyanodithioimino-
carbonate, is complete, generally about 2 hours. The
reaction mixture can be concentrated to recover the methanol
and isolate the reaction product. '

Where the salt is a sodium salt, the sodium methyl N-
cyanodithioimihocarbonate product can be obtained as a
viscous yellow mixture which can contain NaCl. Where the



-

[err] (b) contacting said Goup 1 or 2 netal salt of the anion of

formula Il of (a) with at | east one conpound contai ning an R-group under
‘conditions sufficient to forma symetrical or unsymretrical conpound of
formula | [err] where the R-group is any suitable substituent group. Either
step (a) or (b), and preferably both_sgﬁps (a) and (b), take place in a

nmet hanol i ¢ sol vent system The inventi also relates to the process which
i nvol ves contacting, in a nethanolic solvent system a Goup 1 or 2 - 22
- nmetal salt of the anion of formula Ill [err] with at | east one conpound

cont ai ni ngadl RsgaopprHBdEnmCOAUL | i ON6 Sotissi N indthylr deg@nd-symet ri cal
or unsynng%% c%meo ougd g& forq&la Icéerri %ﬁ%re t eSR-grogE I s any

sui t abl e PETARPCaF BARC Br BYRFABF yS2F HRE ITHUMNG &5 BoMSddRYs

cont ai ni nghaheRsglddp provi de at | east one nolar equival ent of the group R

and less than §WoaNBk-ake2desVvahsss Sm@he | NEn O ML 13- st cliRveRl @n al so
I nvol ves the p vol ves contacting, in a tg?nqllc sol vent

systenr_aCHP§9éE§§ﬁEﬁ§9h§2§%ggﬁ??eo?rﬂgﬁﬁﬁn T tRE Rk M3kt 8tand at

| east oneleaspouvne soidtannj nguah &s gaoepomns dandbondildhiesromethiatieent to

produce a symauethl Gal, lrUASYPELLL £8hs COMROYNG: Al d I sReb may be
performed to render the mono-S-substituted N-cyanodithio-
iminocarbonate product essentially, or totally, free of by-
products.

The solid product may be freed from by-products, such as
NaCl or KCl, by dissolving the product in a suitable solvent,
such as acetone, and filtering. The solvent solution can '
then be concentrated to recover the solvent and, if
concentrated, the resulting solid can be purified by
suspending in a suitable solvent, such és dichloromethane,
for a suitable time, such as 30 minutes, with agitation. The
resultant slurry can then be filtered and the solid can be
dried. Any disubstituted ester, such as the dimethyl ester,
of N-cyanodithioimino-carbonate which may have formed during
the reaction can be isolated from the filtrate.

The preferred use of dichloromethane for the
purification is an improvement over the use of diethyl ether
because, unlike diethyl ether, dichloromethane is not
flammable and does not form peroxides. The product may then
be dried either in air for about twelve hours or under vacuum
at about 50°C for about two hours.

These metal salts of mono-S-substituted N-cyanodithio-
iminocarbonate, which are preferably essentially free of by-
products and contaminants, may be used in further reactions
to produce, for example, symmetrical or unsymmetrical
disubstituted N-cyanodithioiminocarbonates.



[err] - 23 - where the R-group is any suitable substituent group.
Preferably, the conpound or conpounds containing an R-group provide at

| east two nol ar equivalents of the group R The nethanolic solvent system
enpl oyed in the processes for the preparation of symetrical or
unsymetrical disubstituted N-cyanodi tdy ai m nocar bonates may be net hanol,
aqueous net hanol, or any m xture of solvents including nethanol, as

descri bed above. Preferred nethanolic solvent systens for the preparation
of symmetrical or unsymetrical disubstituted N-cyanodithioi m nocarbonates
are the s%ﬁﬁpé§aFﬁ8§e°Fo$Y‘E‘%t‘b’r‘é’daP£ imevgmerdigalsal t s of N cyanodit hi o-
i m nocar bppauBstandtgét Bl cealddi i itelgt ed N-

cyanodi t hi oi m at.e d n C rogesses
for the pr eparizglgll%%{r:lg&[I S %Frer?édl Co&nﬂﬁ%g:%ﬂ“%nﬁcgalh%% %&%&t %’? %P g

N- cyanodi ﬁﬁroexﬁﬁpheeabboﬁ%ﬂ@smg HE RATARS iRh A yReogishdediadnembodi nent s

of the grEHPanaééewlhﬁ S BnclSa mcagqmieméo@t R @eitdyalay ihgr abkerc

t |t f t ut
E;gﬁg&?t Ihggl ?}Fﬁggir bBag‘fl%z "9,@' y ﬁ’°§eﬁiaraP°é’ﬁl AP §hSreferred

enbodi nenartRelasnbyhyittetwdok prigRd),, @uyaseprid®il) ,affdompen pref erabl y,
Ris net h)(hI%?I}l(p Wﬁgg_e;;rifgg Qpetele’] rmrétl, é-}d(;e & 1&Hound cont aining an R group

is a group Iorlde broni de _or roug R-X-R
where X is a dFbel BRPCHSSAFIRH % t§hlcfh@t dnvegtdon, )m"°I3=8FSe)’E RpE&en he
conmpound 6ﬁnbahﬂhaﬂlﬂ§,F&@réHMhﬁﬁahollc solvent system, a Group 1 or 2

metal salt of the anion of formula II

CcN
/\\N/ 11

with at least one compound containing an R-group under
conditions sufficient to form a symmetrical or unsymmetrical
compound of formula I

CN

where the R-group is any suitable substituent group.

The invention also relates to a process involving the
steps of:

(a) contacting cyanamide, carbon disulfide, and at
least one Group 1 or 2 metal hydroxide under conditions



be selected fromnethylating agents CH3X and (CH3)2X, such as net hyl
chloride, nmethyl iodide, or dinethyl sulfate. In a further preferred
enbodi ment, the conpound containing an R- group is nethyl chloride. In a
preferred enbodi nent of the invention, Ris nmethyl and the disubstituted
N- cyanodi t hi oi mi nocarbonate is a dinefhyl N cyanodithioi m nocarbonate.
According to this enbodi nent of the’i %ehtion, t he novel preparation of

di met hyl N-cyanodit hi oi m nocarbonate can be nore rapid and efficient.than
the prior art processes for its preparation. D nethyl

N- cyanodisulfifdicifienac abbpratiacean beolpodusedzifedal salbr J}{eghiry-ioﬂ d,
preferab%* ?Erhggat1§0@6yield and nore preferably about 89%yie d.tn

anot her preferred enbodi mrent of the invention, the preparation of dinethyl
N- cyanodi t hi oi m nocar bonate invol ves contacting a nono-al kaline netal salt
of nmethyl N-cyano- dithioimnocarbonate with about- one nol ar equi val ent of
met hyl chloride in an agueous nethanolic solvent. Alternatively, a

bi s-al kal i ne netal sal$~of N-cyanodithio- ininocarbonate is contacted with
about two nol ar equivalents of methyl chloride in an aqueous nethanolic
sol vent. The desired uct o8N be isol ated by concentrating the reaction
m xture and extrading theNproduct. with a suitable ordahic sol vent. The
preferred inventive preparations involving nethyl chloride can be efficient
for large scal e processes, including industrial scale processes.

(b) contacting said Group 1 or 2 metal salt of the
anion of formula II of (a) with at least one compound
containing an R-group under conditions sufficient to form a
symmetrical or unsymmetrical compound of formula I

_where the R-group is any suitable substituent group. Either
step (a) or (b), and preferably both steps (a) and (b), take
place in a methanolic solvent system.

The invention also relates to the process which involves
contacting, in a methanolic solvent system, a Group 1 or 2



In a further preferred enbodi nent, about 2.1 nol ar equival ents of nethyl
chloride gas are added to the solution of a bis-alkaline netal salt of

" N-cyanodi t hi oi m nocarbonate in an aqueous nethanol solution while

mai ntai ning the tenperature bel ow 40[err]C. The reaction is then warned to
about 60[err]C, with an exot herm betwggn_about 55 and 60[err]C as the
tenperature rises about 7[err]Cin 3 mnutes. The tenperature is held at
about 60[err]C for about 1.5 hours until the reaction is conplete. The
vessel is cooled to about 50[err]C and the nethanol is renoved in vacuo.

Di chl or onmeitednaals addethe ardissolfvdormalpr 8dlict i n an anount about equal
to the anobunt of nethanol used initially in the preparation of the

di potassium salt of N cyanodithioi m nocarbonate. The reactor is cooled to
about 35[err]C and t di chl oronet hane | ayer is renbved. The extraction
process can be repedted until essentially all of the dinethyl
N-cyanodi t hi oi m nocaf bonat e & renoved fromthe reaction mxture. The
organi c | ayer n§¥ 'ﬁd(’ Iltered and concentrat &IIat 50[err]C to give a
yeIIom#orangeR& . The o1l may be dried under high vacuum at room - 25 -
tenperature for 1 hour during which tine it solidifies into a pale yellow
solid. The follow ng exanples are illustrative of the invention and are not
intended to limt the scope of the invention. EXAMPLES Di sodi um

N- Cyanodi t hi oi m nocar bonat e :

with at least one compound containing an R-group under
conditions sufficient to produce a symmetrical or

unsymmetrical compound of formula I

CN
R-s"’J~\‘1P’/’ I

where the R-group is any suitable substituent group.
Preferably, the compound or compounds containing an R-group
provide at least one molar equivalent of the group R and less
than two molar equivalents of the group R.

The invention also involves the process which involves
contacting, in a methanolic solvent system, a bis-alkaline
metal salt of N-cyanodithioiminocarbonate and at least one
compound containing an R-group under conditions sufficient to
produce a symmetrical or unsymmetrical compdund of formula I

N
R-S /l\ N r



Exanpl e 1 Cyanami de (40.5 g of 50% aqueous solution, 482 mml, 1.0 equiv),
95% et hanol (96 nlL), and carbon disulfide (36.6 g, 481 nmol, 1.0 equiv)
“were charged into a 1-L, three- necked, round-bottoned flask fitted with a
t hernonet er, nmechanical stirring paddle, addition funnel and nitrogen

val ve. The vessel was then purged wi_th,nitrogen for 10 minutes. The mxture
was agitated and cooled to 5[err]C. A solution of base was prepared
separately. Sodi um hydroxide (38.6 g, 965 mmol, 2.0 equiv) was dissolved in
550 nL 95% et hanol over 1/2 h and the solution was cooled to room

t enper at wherelhchaRidriaup fisnaealy sas tabdegedbeitihuent sgsomhpit i on. The
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while maintalnn erature o 9 er The ¥ roduct™m Xt ure was
stirred fIb'?°"l’-4ﬁ)Lﬁ‘t ]a?ﬁftt &R f“ﬁéatrn§6lu&b’laéeﬁﬁﬁe? aFh B9 dved by
filtration. Thilge SodthHdrl ief sebllsfedtugwtemaaagnbpe@ in n&mw&@@é@@s was

d di I d
lldl-sgyanl)(rjfa ‘%ﬁ'y?ﬂrﬁnr? %éj{)ona '8 Ct g%ﬁgitlg\}g o euﬁg liljg%l on of di sodi um

N- cyanodldiﬁubsuWMrMYm@dI#&Fll@émg@éarhoaaﬁgﬁt‘h@Y beaeetlmaned, pr oduce
a symet rd aalo.d m&n&trloc‘ralaﬁ ﬁl@.&%h'rbub@dsUiGéﬁE‘Qdiﬁ@l@dni@ nocar bonat e.
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fitted V“J{E&bstituted N-cyanodithioiminocarbonates are the same as

those for the preparation of metal salts of N-cyanodithio-

iminocarbonates and metal salts of mono-S-substituted N-

cyanodithioiminocarbonates, as described above.

In each of the processes for the preparation of

symmetrical or unsymmetrical disubstituted N-cyanodithio-

iminocarbonates, the group R and the preferred embodiments of

the group R, are the same as those described previously for

the preparation of metal salts of mono-S-substituted N-

cyanodithioiminocarbonates. As described above, in a

particularly preferred embodiment, R is methyl, ethyl,

propyl, or isopropyl, and most preferably, R is methyl.

In a preferred embodiment, the compound containing an R-

group is a group R-X, where X is chloride, iodide, bromide or

a group R-X-R, where X is a divalent group such as sulfate

(5042-

be selected from methylating agents CH3x and (CH3)2X, such as

methyl chloride, methyl iodide, or dimethyl sulfate. 1In a

further preferred embodiment, the compound containing an R-

). For example, the compound containing an R-group may

group is methyl chloride.
In a preferred embodiment of the invention, R is methyl

and the disubstituted N-cyanodithioiminocarbonate is a
dimethyl N-cyanodithioiminocarbonate. According teo this
embodiment of the invention, the novel preparation of
dimethyl N-cyanodithioiminocarbonate can be more rapid and

. efficient than the prior art processes for its preparation.
Dimethyl N-cyanodithioiminocarbonate can be produced in a



- 26 - thernoneter, nitrogen valve, an addition funnel (non- equalizing)
and a stirring bar. The addition funnel was charged w th sodi um hydroxi de
(9.64 g, 241 mmol, 2.0 equiv) dissolved in 17 nL water. The cyanam de

m xture was cooled to 1l[err]C and the base sol ution was added dropw se over
34 mnutes. The final tenperature was 10[err] C and the tenperature was
allowed to rise to 15[err]C over 1-h@4« .- The m xture was concentrated in
~vacuo, and the residual water was chased with 95% et hanol (2 x 50 niL). The
yellowwhite solid was suspended in ethanol, stirred for 10 m nutes and

filtered,to vield,5 4 279 of the di sgdi um N-cyanodi t hi oi m.nocarbonate
hs. o v PRSRORERF S RS TDy Fo,dashn Dk vheda FOO)BFA BEC5eBRoLY: gnt !y
wet prodabout ERakpyEeBdin addition to the nethods listed in Exanples 1 and
2, disodi um NegyZROMNI Ol AR RADIS AL B REEPIHGHAE R hgﬁeSO' vent s

such as aqueous ethan€g4(25 to 60% water, prefera % wat er) or agueous
1

met hanol P¥8PRH2A 7598 mefrhfle MRRR AR LRECd ML ngRaThPnRERpeRYPLYES bet ween
0 and 30fentié&xinlyy potmcss e lGan aditdl Gialicnecambaehgl e NExgapbe 4 Cyanani de

0 . N 5
M), andotap ot SRSy e bol Shd e ok, 85RSatLec °BE) O OO0 4%
into a 1metRyhi ahbeside cl AutasBIePKS MRIdanediemsRd¥estal ed and pot assi um
hydr oxi dg1 €dfnfc Mre 3. & Bils- 21893 0 Imet210 s2QWi VY WasyRHBREEhiH-Over 20
Ut es U0t hSokNSoees oL SIPSIA WS IR U3 RGTad! 4RCEL 20T C

of methyl chloride in an agqueous methanolic solvent. The

desired product can be isolated by concentrating the reaction

mixture and extracting the product with a suitable organic

solvent. The breferred inventive preparations involving

methyl chloride can be efficient for large scale processes,

including industrial scale processes.

In a further preferred embodiment, about 2.1 molar

equivalents of methyl chloride gas are added to the solution

of a bis-alkaline metal salt of N-cyanodithioiminocarbonate

in an aqueous methanol solution while maintaining the

temperature below 40°C. The reaction is then warmed to about

60°C, with an exotherm between about 55 and 60°C as the _

temperature rises about 7°C in 3 minutes. The temperature is

held at about 60°C for about 1.5 hours until the reaction is

complete. The vessel is cooled to about 50°C and the

methanol is removed in vacuo. Dichloromethane is added to

dissolve the product in an amount about equal to the amount

of methanol used initially in the preparation of the

dipotassium salt of N-cyanodithioiminocarbonate. The reactor

is cooled to about 35°C and the dichloromethane layer is '

removed.

The extraction process can be repeated until essentially

all of the dimethyl N-cyanodithiociminocarbonate is removed

from the reaction mixture. The organic layer may be dried,

filtered and concentrated at 50°C to give a yellow-orange

oil. The o©il may be dried under high vacuum at room



(30 nL) were used as rinses for the hydroxide. The m xture was stirred for
2 h, and the resulting yellow slurry was used directly in a further

" reaction to produce potassium net hyl N- cyanodi t hi oi m no-carbonat e.
Alternatively, this slurry of dipotassium N-cyanodithioi m nocarbonate may
be used in a - 27 - further reaction to produce a symetrical or
unsymetrical disubstituted N-cyanodi2di-oim nocarbonate. Exanple 5
Cyanani de (15.16 g of a 50% aqueous sol ution, 180 mmol, 1.0 equiv),

met hanol (40 nlL), and carbon disulfide (13.7 g, 180 nnDI 1.0 equiv) were

charged .n - three-_necked, round- bottoned fl, .equipped with a
stirringkﬁég?g?%ggﬁg%% er How QRARY S ¥ T ret™e Pre : i%gs 1868 ed and
pot assi uprhgdrekice galid.M 25.7 ni, 360 mmol, 2.0 eqU|v) masdaddgg[oveic
18 minutes whthe £He16@2641 SEaASIEETAI A N nder ;20 er
The mixture was stiry s 2 hand the resu tzltgraldg:L yelc{% urry ST est ed
for resi @l |359aﬁaﬁma%te%§kﬁl%% HaLhRetWRNKE 5 QH&?WQW&n@mlde r emai ned
(TLC) angxhMPLRPS! was greater than 12 carbon disulfide (3 nL)lmas added tod
ive the reaction m fter A5, m nut.es. Th|s slurry was use
glrectly in a furtheélgégc {?n° h1°1 %ﬁmﬁﬁuﬁﬁﬁﬁ N- cyanodi t hi o-

i m nocar bonat e. Alternatlvely tﬁﬁsgﬁxhiﬁy of dlpotaSS|un1N-
cyanodi t hi oi mepaaarbﬂa@te«;m ISRk i nfedul tézﬁrutr;wt 488 ol 0duce a

Symmetr| Eab equlv?yny?%t;r Cha.no SP9b tn'tIE)Ut eadn caC ano J.sull(.)flz.rc?enocar bonat e.
(36.6 g, 481 mmol, 1.0 equiv) were charged into a 1-L, three-
necked, round-bottomed flask fitted with a thermometer,
mechanical stirring paddle, addition funnel and nitrogen
valve. The vessel was then purged with nitrogen for
10 minutes. The mixture was agitated and cooled to 5°C. A
solution of base was prepared separately. Sodium hydroxide
(38.6 g, 965 mmol, 2.0 equiv) was dissolved in 550 mL 95%
ethanol over 1/2 h and the solution was cooled to room
temperature. The addition funnel was charged with this
solution. The solution of base was added to the cooled
cyanamide mixture over 25 minutes while maintaining a
temperature of 9°C. The yellow product mixture was stirred
for 1 hour, and then the insoluble material was removed by
filtration. This solution of disodium N-cyanodithio-
iminocarbonate was used directly in a further reaction to
produce sodium methyl N-cyanodithioiminocarbonate.
Alternatively, this solution of disodium N-cyanodithio-
iminocarbonate may be used in a further reaction to produce a
symmetrical or unsymmetrical disubstituted N-cyanodithio-
iminocarbonate.

Example 2
Cyanamide (10.2 g of a 50% aqueous solution;

120.5 mmel, 1.0 equiv), 95% ethanol (60 mL), and carbon
disulfide (9.24 g, 121.4 mmol, 1.01 equiv) were charged into
@ 100-mL, three-necked, round-bottomed flask fitted with a



Exanple 6 A 10 gal, stainless steel autoclave was charged with cyanam de
(4.8 kg of a 50% aqueous solution, 57.09 nol, 1.0 equiv), 95% ethanol (13
L), and carbon disulfide (4.35 kg, 57.13 nol, 1.0 equiv). A solution of
pot assi um hydroxide (13.0 M 8.7 L, 113.5 nol, 1.99 equiv) was added at a
rate of 100 nL/mn while the reactor tenperature was kept at or bel ow
30[err] C. The reaction was continued f8r -two hours after the KOH additi on.
The pH of the reaction was adjusted from 12 to 8.5 by the addition of
concentrated HC (2.3 L) and the solution was stirred for 0.5 h. This

slurry m?ﬁg§ﬁgmgl:£§0ttjﬁ/tf%e% fntjer 4 e%@wlae@chofaaeeyceneetaSSI um net hyl

N-cyanod nocar onate 7 A 10
st ai nl esseqtaeizangbcrrd & s THAG) R T t H‘h@yéﬁéﬂrf-él@n(ﬁugnﬁb ¥BRSa 50%
agueous Seha&gea,w5€h0§bdﬁﬂm ﬁyd}dxmdevxs &t banak1(&dol), 2a0degaibpn

disul fide (4.3 57 f.pot |
hydr oxi de éfi gvﬁﬁ én lf:mgF%fE? |%%%Ié§3€a@%§§ H&keﬂgg HQQ 8%8;%@; of 130
m./ mn whmbelfﬁeanéachQerSQWﬁﬂlHQMQ@-WQ§ ﬁd%ﬁ dadrepPwhbeeoRV8D[err] C. The
reaction ‘ﬁ@smﬁgﬂEéguedrﬁé’rfﬂna?lS derieheit e ySH10dd khanchdhe pH of the

D) and t RETROFAERSR WEE ST Porta b 1oTh SVERLH JURs uEBH di rect ly.
in a furtkdxtoeacivasncomcqories pot assiuen meghygheNregadudit Waber was
I mnocarbRdLey with 95% ethanol (2 x 50 mL). The yellow-white solid

was suspended in ethanol, stirred for 10 minutes and filtered

to yield 5.4 g (27%) of the disodium

N-cyanodithioiminocarbonate as a white powder. The filtrate

was concentrated to yield 16 g of slightly wet product.

Example 3
In addition to the methods listed in Examples 1 and 2,

disodium N-cyanodithioiminocarbonate can be prepared in other
solvents such as aqueous ethanol (25 to 60% water, preferably
5S0% water) or aqueous methanol (5 to 75% water, preferably
50% water) and at temperatures between 0 and 30°C.

Dipotassium N-Cyanodithioiminocarbonate
' Example 4

Cyanamide (125.6 g of a 50% aqueous solution, 1.496
mol, 1.0 equiv), 95% ethanol (350 mL), and carbon disulfide
(123.15 g, 1.617 mol, 1.08 equiv) were charged into a 1-L
stainless steel autoclave. The system was sealed and
potassium hydroxide (14.0 M, 213.7 mL, 2.992 mol, 2.0 equiv)
was pumped in over 20 minutes while the reaction temperature
was maintained at under 30°C. Water (30 mL) and 95% ethanol .
(30 mL) were used as rinses for the hydroxide. The mixture
was stirred for 2 h, and the resulting yellow slurry was used
directly in a further reaction to produce potassium methyl
N-cyanodithioimino-carbonate. Alternatively, this slurry of
dipotassium N-cyanodithioiminocarbonate may be used in a



Sodi um Met hyl N Cyanodi t hi oi m nocar bonate Exanple 8 An aqueous sol ution of
di sodi um N-cyanodi t hi o- i m nocarbonate (prepared according to U S. Patent

- No. 2,816,136, which is incorporated herein by reference), 32% by wei ght in
water, 100 ni, 197 mmol) was diluted with acetone (160 nmL) and water (79
m). The solution was cooled to 5[erf]JC and a solution of nethyl iodide
(28.0 g, 197.3 mol, 1.00 equiv) in dacetone (80 nL) was added dropw se over
45 minutes. The mixture was stirred for 30 mnutes at 5[err] C and was
warnmed to roomtenperature over 3.5 hours. The mi xture was concentrated to
a yel | oweghthey wehBtaoRRss prolice 4 3ymgndtheiaraal icralunsyserritiad sl urry

coul d be  use furthe duce di net hyl
N—cyanod?%ﬁ? ﬁgie Pasxang Ehggﬁg%%é?%£6§#%5% no-(1H)-1,2,4-triazol e.
This slurry could al so be used as is in a further reaction to produce a

synnetricalgg& unsynnetrical di subgk ggéxbh+cyano- di t hi oi m nocar bonat e
assum ng a o conver, o.the ad t er nat i.\el t.-he
conpound can bE&YREEMY dqé%dlﬁdgn‘f’rf?e% bya%?cﬁbsdss lr‘f&v%ﬁ?rﬁ’nlzéﬁ)e%é“%l -
29 - Exalrpbee&uEnarrph\ec&ami nepembbd amd nepeboretdiavdifiiy ddent’? o di net hyl
sul fate nggﬁp}nﬁ\ﬁg %Etee,#lvboaege,cm] ahfnwcaepltdmg hathreae product

sodi um dyanodi thi o- i m_nocarbonate %é , el low slurry) was

conver t edecbedi. nEPWId-ROSFEREH ERRBKnPAGERR i%h s&%ﬁfﬁe%%aot i on
thermometer, and addition funnel. The system was sealed and
potassium hydroxide (14.0 M, 25.7 mL, 360 mmol, 2.0 equiv)

was added over 18 minutes while the reaction temperature was

maintained at under 20°C. The mixture was stirred for 2 h
and the resulting yellow slurry was tested for residual
cyanamide, and its pH was determined. Since cyanamide
remained (TLC) and the pH was greater than 12, carbon
disulfide (3 mL) was added to give the reaction mixture a pH
of 9 after 15 minutes. This slurry was used directly in a
further reaction to produce potassium methyl N-cyanodithio-
iminocarbonate. Alternatively, this slurry of dipotassium N-
cyanodithioiminocarbonate may be used in a further reaction
to produce a symmetrical or unsymmetrical disubstituted N-
cyanodithioiminocarbonate.

Example 6
A 10 gal, stainless steel autoclave was charged with

cyanamide (4.8 kg of a 50% aqueous solution, 57.09 mol, 1.0
equiv), 95% ethanol (13 L), and carbon disulfide (4.35 kg,
$7.13 mol, 1.0 equiv). A solution of potassium hydroxide
(13.0 M, 8.7 L, 113.5 mol, 1.99 equiv) was added at a rate of
100 mL/min while the reactor temperature was kept at or below
30°C. The reaction was continued for two hours after the KOH
addition. The pH of the reaction was adjusted from 12 to 8.5
by the addition of concentrated HClL (2.3 L) and the solution
was stirred for 0.5 h. This slurry was used directly in a
further reaction to produce potassium methyl N-cyanodithio-



wi th a second equival ent of nethyl iodide. Exanple 10 An aqueous sol ution
_of disodi um N-cyanodit hi oi m no- carbonate (prepared according to U S.

" Patent No. 2,816,136, which is incorporated herein by reference) (32% by
weight in water, 250 nmL, 493 mml) was diluted with acetone (250 nL).

Oi methyl sulfate (62.2 g, 493 nmol, 1.,@ equiv) was added dropw se over 12
m nutes, and the reaction tenperature was allowed to rise to 50[err]C. The
m xture-was stirred for 1 hour while the tenperature gradually decreased to
25[err]C. After 1 h, the mxture was concentrated to a yellow slurry with a
vol une of i@50ogrbPhetsl urry was diluted with acetone (1 L), filtered to
renove sodi um nethyl sulfate, and concentrated to a volunme of 150 nL. The
slurry could be used as is in a further reaction to produce di nethyl

N- cyanodi t hi o- i m nocarbonate or 3E%8E@d8-d 5-ami no- (1H)-1, 2, 4-tri azol e.
This slurry couhdiatgsl peststied exs-iskelel autoelhee we&acCth@ngéd® Pieduce a

symetrical _or y ricale di suhstituted N ,cyanodithi ol mi npcar bonat e,
assum ng 5Y§§@?g§%vg¥§§oﬁ§?§ %h§%§-%§%%?Pga38&8¥§°$It%?hgéivg y,ltﬂe
compound eguiwé.ivetkarel alid iLdenand carbpnudimylfbdeols. khoke, i H7the art.

Exanmpl e lgoExanpbeedivas rp@mmcioasb@gpacaggmnor;ﬁ&?s@fég; E;i[?é%f%goc,
u al e
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M nutes. $hd B ubrd- bt kil s lv HR=a SPUPEREE P CERER GREL S Br oduce
di met hyl mL/miBSOwhile the reactor temperature was kept at or below
30°C. The reaction was continued for 1.75 h after the KOH
addition. The pH of the reaction was adjusted from 11 to 9
by the addition of carbon disulfide (200 mL) and the solution
was stirred for 0.5 h. This slurry was used directly in a
further reaction to produce potassium methyl N-cyanodithio-

iminocarbonate.

Sodium Methyl N-Cyanodithioiminocarbonate
Example 8
An aqueous solution of disodium Ahcyanodithio-

iminocarbonate (prepared according to U.S. Patent No.
2,816,136, which is incorporated herein by reference), 32% by
weight in water, 100 mL, 197 mmol) was diluted with acetone
(160 mL) and water (79 mL). The solution was cooled to 5°C
and a solution of methyl iodide (28.0 g, 197.3 mmol, 1.00
equiv) in acetone (80 mL) was added dropwise over 45 minutes.
The mixture was stirred for 30 minutes at 5°C and was warmed
to room temperature over 3.5 hours. The mixture was
concentrated to a yellow slurry with a mass of 57 g (30 g
theoretical yield). The slurry could be used as is in a
further reaction to produce dimethyl N-cyanodithioimino-
carbonate or 3-mercapto-S5-amino- (1H)-1,2,4-triazole. This
slurry could also be used as is in a further reaction to
produce a symmetrical or unsymmetrical disubstituted N-cyano-
dithioiminocarbonate assuming a 35% conversion to the S-

' methyl adduct. Alternatively, the compound can be isolated
and identified by methods known in the art.



N- cyanodi t hi oi m nocar bonate or 3-nercapto-5-amno-(1H)-1,2,4- triazole. The
slurry could also be used to produce a symetrical or unsymmetri cal

* di substituted N-cyano- dithioimnocarbonate, assum ng a 95% conversion to
the S- nmethyl adduct. Alternatively, the conpound can be isol ated and

i dentified by nethods known in the ar2?9 £xanple 12 In addition to the

nmet hods listed in Exanples 8-11, sodium nethyl N-cyanodithioi m nocarbonate
can be prepared in solvents such as aqueous ethanol (5 to 75% water,
preferably 50% water) and at tenperatures between 0 and 50[err]C.
Furthernore, other nethylating agents, such as dinethyl sulfate or nethyl
chloride, could be used in place oExamph&|9 odi de. Potassiun1wbthyl

N—Cyanod|th|0|mkaagaébenahs £¥§€B£€d1§s£h 05&@@& atlng a of
N—cyanodlthl 48. 2 mater (1.575

nac nate UIV
and 8¢ gk‘é’ (I" §6 ﬁeﬁg atha? e'ﬂe?}r’ﬁ'b ’a°‘£a' q_e, t“ﬁ’r'%b tked,
round boE&U#@GlbhaShaequhppBUOGmch ao@euhametb&lsN1¢y&nqd1&ﬁmm®neter, a

fritted ehatub nd apsexi T I I to
3[err]C ghgasca&b aEE AL Q Qs g 9eiy@§3%l€§rﬁpfﬂ%% qU|vrﬁﬁg§§gdded over

chloride”(
70" hut SSnaivd PhEVRBRASEAL GRELABCATRORRES oY A FHRERER AR ] C. The
react i onwiitht ar sewasdseguiedl ener of ghétlapll iddideoncentrated to give a wet
yel |l ow white paste which was suspended in acetone (1.25 L, 4 nL/g of
product) and stirred for 5 mnutes. The m xture was filtered to yield 124 g
- (93% of white potassium chlori deEXamRiepl® of this solid was dissolved in
water to give anchafeoas! 861€65060bEt dDsod Nt CRM dyhddidh@dimide- starting

carbonate (prepared according to U.S. Patent No. 2,816,136,
which is incorporated herein by reference) (32% by weight in
water, 250 mL, 493 mmol) was diluted with acetone (250 mL).
Dimethyl sulfate (62.2 g, 493 mmol, 1.0 equiv) was added
dropwise over 12 minutes, and the reaction temperature was
allowed to rise to 50°C. The mixture was stirred for 1 hour
while the temperature gradually decreased to 25°C. After

1 h, the mixture was concentrated to a yellow slurry with a
volume of 250 mL. The slurry was diluted with acetone (1 L),
filtered to remove sodium methyl sulfate, and concentrated to
a volume of 150 mL. The slurry could be used as is in a
further reaction to produce dimethyl N-cyanodithio-
iminocarbonate or 3-mercapto-S5-amino-(1H)-1,2,4-triazole.
This slurry could also be used as is in a further reaction to
produce a symmetrical or unsymmetrical disubstituted N-
cyanodithioiminocarbonate, assuming a 95% conversion to the
S-methyl adduct. Alternatively, the compound can be isolated
and identified by using methods known in the art.

Example 11
Example 10 was repeated using a reaction temperature of

5°C, with the exception that the addition of dimethyl sulfate
required 50 minutes. The slurry can be used as is in a
further reaction to produce dimethyl '



di pot assi um salt had been consuned. The filtrate was concentrated in vacuo
at 50[err]Cto a yellowwhite solid, which was suspended in nethylene
" chloride (900 nL, 3 nL/g of product) to renove di net hyl

N- cyanodi t hi oi m nocar bonat e si de product and was stirred for about 30
m nutes. The solid was collected by.f{ltration, washed with nethyl ene
chloride (100 nL) and dried to yield 235 g (77% of a white, crystal- |ine

solid (nmp: 212-217[err]C). The H NVR was consistent with the structure.
The nethylene chloride filtrate was washed with water (100 nmi.), dried
(MySQ er NFFyapprishéainhnocdreerd bt I -ongaiRtor 56 apin®-8%H) oft, di, aet hyl

N- Cyan0dltHibe!bnOC@hEOB%?ryEéSé\E'I& %11.-40 @éﬂ?é@dﬂeco( Prolugde0h @ 50% aqueous

solutlon 180 ui anol (36 and carbon disul fide
(13.7 g, S He%f:al °5 Bﬂ%?'?}’)'g;i\’é %Hga‘r Gafg-ed %Gyﬁfw "t hr ee- necked
round- boﬂuohedlﬁtllaskaeh]onpped assumingta res ngdmerstibar tomeher s-and

addi tion I SSi ( | a2 in 120
mL of 205%&5%8203382% ano @w&%ed%gﬁcgnpaog%{&t% PunngP?(gﬁaéwas added
over 38 APAutesniAfied: Re 'F%%‘?‘?%H“i%e‘r‘ht%% nai nt ai ned at about
8[err]C. The mxture was stirred for 2.5 h and to the resulting slurry was

added nethyl chloride (12.6 g, 2§§ g&g [;#f38 equiv) over 1 h while the

tenperature rose to 45[err]C. Th m xture was stirred 1 h and was
concentrat ed t dnaagdirsen v t thg mathodi dtigted 125 Exempdeg 8F1product) was

added t osbAguRambehPNdNt BPanbdd tH R MAhcHd it tleOan be prepared in
solvents such as aqueous ethanol (5 to 75% water, preferably
S0% water) and at temperatures between 0 and 50°C.
Furthermore, other methylating agents, such as dimethyl
sulfate or methyl chloride, could be used in place of methyl
-iodide. :

Potassium Methyl N-Cyanodithiociminocarbonate
Example 13

_ Dipotassium N-cyanodithioiminocarbonate (348.2 g,
1.794 mol, 1.0 equiv), water (1.875 L), and acetone (1.450 L)
were charged into a S-L, three-necked, round- bottomed flask
equipped with a mechanical stirrer, thermometer, a fritted
glass inlet tube and an exit tube. The solution was cooled
to 3°C and methyl chloride (102.8 g, 2.036 mol, 1.13 equiv)
was added over 70 minutes while the temperature was
maintained at less than 7°C. The reaction mixture was
stirred overnight and then concentrated to give a wet yellow-
white paste which was suspended in acetone (1.25 L, 4 mL/g of
product) and stirred for 5 minutes. The mixture was filtered
to yield 124 g (93%) of white potassium chloride. A sample
of this solid was dissolved in water to give a clear
colorless solution indicating that all the starting
dipotassium salt had been consumed. The filtrate was
concentrated in vacuo at 50°C to a yellow-white solid, which
was suspended in methylene chloride (900 mL, 3 mL/g of
product) to remove dimethyl N-cyanodithioiminocarbonate side



[4]

30 mnutes. The mxture was filtered to yield 16.2 g of wet, white
potassiumchloride. A sanple of this solid was dissolved in water to give
"a clear, colorless solution indicating that all the starting dipotassium
salt had been consuned. The filtrate was concentrated at 50[err]Cto a
yell ow white solid, which was suspengled.in nethylene chloride (200 niL; 3
m./ g of product; to renove dinethyl N-cyanodithioimnocarbonate side
product) and was stirred for about 30 m nutes. The solid was coll ected by
filtration, washed with nethylene chloride (10 nL) and dried to yield 26.0
g (85% 8F°§“F5|ﬁ?dpvﬁi g isred| FoE abruE Hhiminutepot J9e Rl twas
Ncyanodt:bmllecareaobﬁrbﬂnai—@uaﬂe wRshyd elech metBAen<Ciod@d il trate was

Beampt e 1500y BRRAR ‘adida ko el £0870 Ul QPR M RFAL 10

equi v), QSQ@eﬁh&hél(w3502h1j213h@)carbba stMMleEB(Cnh$q§teh£5%ﬁmﬁnl 1 05

equi v) Wegg QEﬁ{xG@Qrént Orﬁe Imdt féﬁéeéﬁléff&é M&Q&V%as % egm \\I/\?vaas

seal ed and otaSS|un1 i d 214.8. L, 3.007 nol
punped | H15QeFasBT i ?1?1 ‘E’é?‘ﬂe“\"’%% } onftkirfrsch ta&dec\%%%%qqed at
under 30§eryi€1dVMterg(8® 8%) ofsdiserhak a rinse for the injection tube to
I nsure t B?%t eached the reaction mxture. The mxture
was stlrﬁgéygggdggﬁ @gégé “chloride (91.7 g, 1.82 nol, 1.21 equivV)
was added over 1.75 h while a reaction tenperature of
Example 14
Cyanamide (15.1 g of a 50% agueous solution, 180 mmol,

1.0 equiv), 95% ethanol (36 mL), and carbon disulfide

(13.7 g, 180 mmol, 1.0 equiv) were charged into a 250-mL,
three-necked round-bottomed flask equipped with a stirring
bar, thermometer, and addition funnel. Potassium hydroxide
(23.74 g, 360 mmol, 2.0 equiv, in 120 mL of 20% aqueous
ethanol) was charged to the addition funnel and was added
over 38 minutes while the reaction temperature was maintained
at about 8°C. The mixture was stirred for 2.5 h and to the
resulting slurry was added methyl chloride (12.6 g, 249 mmol,
1.38 equiv) over 1 h while the temperature rose to 45°C. The
reaction mixture was stirred 1 h and was concentrated to a
vellow-white paste. Acetone (125 mL; 4/g of product) was
added to the paste and the mixture was stirred for

30 minutes. The mixture was filtered to yield 16.2 g of wet,
white potassium chloride. A sample of this solid was
dissolved in water to give a clear, colorless solution
indicating that all the starting dipotassium salt had been
consumed. The filtrate was concentrated at 50°C to a yellow-
white solid, which was suspended in methylene chloride

(200 mL; 3 mL/g of product; to remove dimethyl
N-cyanodithioiminocarbonate side product) and was stirred for
about 30 minutes. The solid was collected by filtration,
washed with methylene chloride (10 mL) and dried to yield
26.0 g (85%) of a faint pink crystalline solid which is
potassium methyl N-cyanodithioiminocarbonate. The methylene



40[ err] C was mai ntai ned. After 45 mnutes, the reaction m xture was
~concentrated to 2/3 volunme and was divided into three 220 nL porti ons.

" Portion A was concentrated to a yellow white paste which was suspended in
acetone (340 nL; at 4 nL/g of product), stirred for 30 m nutes and
filtered. Wet potassium chloride was obtained (about 40 g) and the filtrate
was concentrated to yield 75.3 g (88.8% -of potassi um net hyl

N- cyanodi t hi oi mi nocarbonate after drying for 2 h in a vacuum oven. Portion
B was stored overni ght and concentrated to a yell owwhite paste. The water

was chased%%é}¥ g5fhf¢ nok€&§%o$hkntgg chNEo gf%ﬁ?wps7d¥sp§npe in acetone

(320 m.) E Irre e mxtare tered to yield wet
.potaSS|undnh¢©hYHeNaﬂnam¢ﬁ;%hyQwanPFPFbaﬂétﬁas dried (Na[err]SOerr]),
filtered and concentrated. The yield of dry product was 73.3 g (86% as a

granul ar yellow solid. This treatggnt gf #ﬁe product indicated that there
was little deconposition of the p t hyl adduct upon storage in the

reaction nixturEyénamtdmanZSZ4hgup§ a 50% 3QueocExasplwtien Cyhmidlde (125.4
g of a 50n( Aup oy eﬁ@ié‘f | by Jetgx%o@'(ssé Hz.sequaaa,c@%mr@is&f»épdgw and

car bon dISU é dV%- %% iere charged into a 1-L
st ai nl ess ]s:t’%eg' alit D¢ Thd S pamdin \/\H@rge F% SRR PR st Uh hydr oxi de
(14.0°M gdfiflesd. 88€eIMdutotlavequi Thewagspempeds i sealed 204 m nutes whil e

the react|op Lemper ALMLS, Y6S (T B §,"39a7b HEJSS . 85 Gha1 C 2 W &t dP M)
was pumped in over 20 minutes while the reaction temperature
was maintained at under 30°C. Water (30 mL) was used as a
rinse for the injection tube to insure that all the hydroxide
had reached the reaction mixture. The mixture was stirred
for 3 h and then methyl chloride (91.7 g, 1.82 mol, 1.21
equiv) was added over 1.75 h while a reaction temperature of.
40°C was maintained. After 45 minutes, the reaction mixture
was concentrated to 2/3 volume and was divided into three
220 mL portions. Portion A was concentrated to a yellow-
white paste which was suspended in acetcone (340 mL; at 4 mL/g
of product), stirred for 30 minutes and filtered. Wet
potassium chloride was obtained (about 40 g) and the filtrate
was concentrated to yield 75.3 g (88.6%) of potassium methyl
N-cyanodithioiminocarbonate after drying for 2 h in a vacuum
oven. Portion B was stored overnight and concentrated to a
vellow-white paste. The water was chased with 95% ethanol
(50 mL), and the paste was suspended in acetone (320 mL) and
stirred for 0.5 h. The mixture was filtered to yield.wet
potassium chloride and the yellow filtrate was dried
(Na2804), filtered and concentrated. The yield of dry
product was 73.3 g (86%) as a granular yellow solid. This
treatment of the product indicated that there was little
decomposition of the potassium methyl adduct upon storage in
the reaction mixture for about 12 hours.
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rinse for the injection tube to insure that all the hydroxi de had reached
the reaction mxture. The m xture was stirred for 2 h and anal ysis of the

“reaction mxture indicated conplete consunption of the cyanani de had

occurred and that the pHwas 7.5. Methyl chloride (75 g, 1.485 nol, 1.04
equi v) was added over 15 minutes while a reaction tenperature of 35 err]C
was mai ntained. After 1.25 h, the reacBiBon m xture was concentrated to a
yel |l ow-white paste. The water was chased with 95% et hanol (100 ni) and the
paste was suspended in nethanol (500 nmL) and stirred for 0.5 h. The m xture

was filtered to yield potassium chl oridi (gried by vacuum 105 g, 95%, the

filter case was washed wi th net han m.), and the yellow filtrate
was concentrat edCydmmmidsu{x3a weldfow past aquesusashddtionh Aslyl ene

chloride ( a&%! Iy t al M%igS LC), naf 0 i hl ori de
solid and 'ﬁr‘é?h% )e?\e %ﬂr'i gt%ﬁr@}at%&%i?na‘%ét )géllgt ﬁrg?% o?q?%%t% l\l%/aqggpr esent in

R
both. The PbtAs®i@m thtth iR wds WaSRdVi MRTEcENGREeA1B8ERLR 2nd fil ter ed.
The net hyl gpeigheosi sieedl ldutdcl aves C Mheeslystiead wasd selhd edelandw whi t e past e

T 0 Aoty SR (.0, Al S AP REE 3 gy, o
t he yel | ovwadhi penpedt in veises 12 aHawd eisn wisdiliey thge TeRICSAioge tERPETRENIROr 0. 5
h. The m x}u¢ enyBscdind@rod kA B0 | t Raredkqvammmasasd udeth agethyl ene
gglt g;;?ﬁrézl?r?sem" %o%‘ Ot ée:ll.r?j elcotGio% Pégbe( %%%in%%%ez%%a% (aajj.%th%f h%%%’&%'er ed

had reached the reaction mixture. The mixture was stirred

for 2 h and analysis of the reaction mixture indicated

complete consumption of the cyanamide had occurred and that

the pH was 7.5. Methyl chloride (75 g, 1.485 mol, 1.04

equiv) was added over 15 minutes while a reaction temperature

of 35°C was maintained. After 1.25 h, the reaction mixture

was concentrated to a yellow-white paste. The water was

chased with 95% ethanol (100 mL) and the paste was suspended

in methanol (500 mL) and stirred for 0.5 h. The mixture was

filtered to yield potassium chloride (dried by vacuum, 105 g,

95%), the filter case was washed with methanol (2 x 100 mL) ,

and the yellow filtrate was concentrated. The resulting

yellow paéte was washed with methylene chloride (750 mL) and

filtered. B2Analysis (TLC) of the potassium chloride solid and

methylene chloride filtrate indicated that product was

present in both.

The potassium chloride was washed with acetone (100 mL)

and filtered. The methylene chloride filtrate was

concentrated and the yellow-white paste was dissolved in

acetone (375 mL) and filtered to remove a small amount of

potassium chloride.

The acetone layefs were combined and concentrated and

the yellow-white paste was suspended in methylene chloride

(300 mL) for 0.5 h. The mixture was filtered and the filter

cake was washed with methylene chloride (100 mL) to yield

106 g KC1 (95%) and 232 g (91%) of the desired potassium
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- 34 - methyl product as a yellowwhite powder (np: 207[err]C). The 1
13 product was identified by H and C NWR spectra. Exanple 17 The

" aqueous et hanolic solution of dipotassium N-cyano- dithioim nocarbonate as

prepared in Exanple 6 was treated with nethyl chloride (3.0 kg, 59.4 nol,
1.04 equiv) over 40 mn at 40[err]C and the m xture was stirred for 3 days.
The reaction m xture was concentrated at 50[err]C and 85 mm Hg and the

resi dual water was chased with ethanoB4(#4 L). The resi due was washed with
acetone (3 x 12 L) and the remaining solid KO was suspended in acetone,
filtered, and rinsed with acetone. The acetone was renpved in vacuo to give

2, vel Loumsthiyd Whioehictasesh Lbetol il o) SORELIARS. (J5md0) 200! fer ed

The resulting solid was wask Wt h agal n (12 filtered
and dri e®TPSUSEr YR§ 3dgntrEiedeby O}Haa@@I ef WMR | smeaiatd d. Exanpl e 18 The
aqueous net hanolic solution of dipotassium N cyano- dithioimnocarbonate as
prepared in Exanple 7 was treatedEmAt nmej byl chloride (2.9 kg, 57.4 nol,

1. 006 equiv) over 30 mn at 40[er e mxture was stirred for 3
days. The reacThenagnrpuseephanebic esolat bon ad £ SO{mord«Siamd MBTyamoHg and

t he resi i S ef, i I err]C and
| dighivahehosh¥bbrava a§8%§€[.’t§§f@<§ £ @xf’mﬁf@}’s dfaee tr%tat%%g L)],

11T or oqVEETs BREDYL RBLRENSE JFi G oterss of Rt SALAGEGNGVPE 1 1y for
15 h in minray deyeEr andhthgehixtuss|was vetsi tiespefared idayd .chimgeo- met hane
(25 1), tehteisd migehed whlhcoRien LU ORs (e P do ot Lingd
the residual water was chased with ethanol (4 L). The
residue was washed with acetone (3 x 12 Li and the remaining
solid KCl was suspended in acetone, filtered, and rinsed with
acetone. The acetone was removed in vacuo to give a yellow
solid which was stirred in dichloromethane (15 L) and
filtered. The resulting solid was washed with '
dichloromethane again (12 L), filtered and dried to afford
5.45 kg (56%) of a golden yellow solid.

Example 18
The aqueous methanolic solution of dipotassium N-cyano-

dithioiminocarbonate as prepared in Example 7 was treated
with methyl chloride (2.9 kg, 57.4 mol, 1.006 equiv) over 30
‘min at 40°C.and the mixture was stirred for 3 days. The '
reaction mixture was concentrated at 50°C and 85 mm Hg and
the residual water slurry was concentrated in a tray dryer at
40°C and 24 mm Hg for 44 h. The crude product was dissolved
in acetone (39 L), filtered to remove the KCl, and
concentrated at 32°C and 75 mm Hg for 15 h in a tray dryer.
The yellow solid was dispersed in dichloro-methane (25 L),
filtered, washed with more dichloromethane (5 L) and dried
(18 h, 32°C, 50 mm Hg) to produce 7.73 kg (79%) of a yellow
solid.



(18 h, 32[err]C, 50 mmHg) to produce 7.73 kg (79% of a yellow solid. -
35 - Dinethyl N-Cyanodithioimnocarbonate Exanple 19 To a sol ution of
sodi um nmet hyl N-cyanodit hi oi m no- carbonate (28.83 g, 187 nmol, prepared as
in Exanple 8) diluted with acetone (180 nL) in a 500-nL, three-necked flask
equi pped with a nechanical stirring paddle, thernoneter, nitrogen val ve and
an addition funnel was added di nmet hyBssul fate (23.6 g, 187.2 mol, about 20
m., 1.0 equiv) at 5[err]C over 25 min. The cooling bath was renoved and the
resulting slurry was stirred at roomtenperature for 2.5 h. The slurry was
concentrated to reme all .the acetqne . and sone of the residual water. The
thick yellow oil wa %ﬂﬁﬁﬂ#&dQ?&HFEP@‘?R‘P&@‘F8§?ﬂﬁ%?aﬁ%ter until it had
cool ed and solid had forned. TheExaimpdewdd isolated by filtration and air
dried to yi el &4 24 (B8 oo Spheull RBERYL RSLoEnas @y usldays o7 een sol id.

The rreltin% point was 47-52[err]C an product was turther identified by

[err]H bonahfl @8@3r§-a180sPERLi oRTEPARH0RESER UFFIRRYRMd t hi 0i mi no-
car bonatag JwteR et Hcreitdney (118 0DmANi @ﬁf lé.55009mL25tR£eéT-Wﬂihckéd OfL£8hli V) iN
acetone (21 ni).in.a 50-ni -pe .l.as L pped. W magneti c
stirri nf(qd’ﬁ‘r‘fp%%é'r et é"re,Chgh\S@éﬁ arg’gg%réang SrSQFJFt t%g'%‘%%e%%ept um and

ni t r ogemiatogen wesl vedded @nnediykionl funsetowag glded dgnetiurl” 2. 00 equiv)
via - sulfate (23.6 g, 187.2 mmol, about 20 mL, 1.0 equiv) at S°C

over 25 min. The cooling bath was removed and the resulting

slurry was stirred at room temperature for 2.5 h. The slurry
was concentrated to remove all the acetone and some of the
residual water. The thick yellow oil was stirred rapidly in
the residual water until it had cooled and solid had formed.
The solid was isolated by filtration and air dried to yield
24.2 g (88%) of the dimethyl ester as a yellow-green solid.
The melting point was 47-52°C and the product was further
identified by 'H NMR.

Example 20

To a suspension of dipotassium N-cyanodithioimino-
carbonate prepared according to D’Amico (5.0 g, 25.72 mmol,
1.00 equiv) in acetone (21 mL) in a 50-mL, two-necked flask
equipped with a magnetic stirring bar, thermometer, and
Claisen adaptor fitted with a septum and nitrogen valve, was
added dimethyl sulfate (6.48 g, 51.38 mmol, 2.00 equiv) via
syrihge at 4°C over 5 min. The cooling bath was removed and
the mixture was stirred for 1.5 h during which time the
temperature reached a maximum of 33°C., The mixture was
diluted with acetone (30 mL), filtered, concentrated and the
residue dried to yield 3.25 g (87%) of a white solid having a
melting point of 46-47°C. '

Example 21
Potassium methyl N-cyanodithioiminocarbonate (523 g,

3.08 mol, 1.0 equiv), acetone (400 mL), and methyl chloride
(195 g, 3.86 mol, 1.25 equiv) were charged to a 1-L stainless
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syringe at 4[err]C over 5 min. The cooling bath was renoved and the m xture
was stirred for 1.5 h during which tinme the tenperature reached a nmaxi num

-of 33[err]C. The m xture was diluted with acetone (30 nlL), filtered,

concentrated and the residue dried to yield 3.25 g (87% of a white solid
having a nelting point of 46-47[err]C. Exanple 21 Potassi um net hyl

N- cyanodi t hi oi mi nocarbonate (523 g, 3.88 nol, 1.0 equiv), acetone (400 ni),
and nmethyl chloride (195 g, 3.86 nol, 1.25 equiv) were charged to a 1-L
stainless -~ - 36 - steel autoclave. The vessel was sealed and the m xture
was warnmed to 50[err]C in about 0.5 h. The reaction began and an exot herm
was obser veEees FRECTEIRr atlie af&elt wagoperipe ARAILRARNULEEUTThEaRi xt ure

was hel d ahafifled Ot@%%ct]ﬁ% Béb’ou]r_ fg.aneh ]Ehe‘h\ée&&al:tmg seggﬁdanéfpsn naxi mim
pressure was Si n err s first attaine n N
pressure mﬁﬁoégkéﬁi?aﬁTéﬁﬁﬁggﬁﬁ(gﬁm§ f iCCrerad ufﬁer9§§s§? més rfﬂsgd Wi th
acet one (200nwtes andThdenixtoing e\@s((bleMagtstGlOr tedédf Ehferelwhsandcehene for
15 min and,fildergss JdS)dLCOBeY nitcitich P@as;%’éegws&% pshie graki ned
acetone | a ayers were concentrated, to %ﬁag urry and di chl or onet hane
(1100 L 8O% /635 \Eur ol a3 st s AR § Afind 104 PERSFUFe3aR A0 g -
filtered ih@ mﬂfmmt&twﬁsufxxﬁdrﬁﬂ ummﬁevhybem-waanodnshdow&nhoaaebonate
(crude, wg§ \/ I g0 ad.he I S
concentr at égo?o yie %ﬁ%sﬁat%%c{ éésctler@'ta‘asgtiaL QFPOW:LEJ& |E §§%ﬁ‘ 62%) .
acetone for 15 min and flltered The recovery of Cl was 193
g (84%). The combined acetone layers were concentrated to a
yvellow slurry and dichloromethane (1100 mL; 3 mL/g) was '
added. The slurry was stirred for 30 min and filtexed. The
precipitated potassium methyl N-cyanodithiociminocarbonate
{crude, 91 g, 17%) was removed by filtration and the filtrate
was concentrated to yield the dimethyl ester as a yellow

solid (277 g, 62%).

Example 22
The temperature of a solution of dipotassium N-

cyanodithioiminocarbonate prepared in agqueous methanol
according to Example 16 was kept below 40°C while methyl
chloride (160 g, 3.17 mol, 2.58 equiv) was added as a gas
over 10 minutes (final pressufe = 100 psi). Once the methyl
chloride was added, the reaction mixture was heated to 60°C
for 1.25 hours and then cooled. The reaction mixture was
filtered to remove precipitated potassium chloride. The
reaction vessel was rinsed with acetone (200 mL; methanol
could also be used) and the isolated KCl was washed with ac-
etone. The combined filtrates were concentrated in vacuo at
50°C to remove the methanol and acetone. Dichloromethane
(500 mL; 3 mL/g) was added and the mixture was stirred for 15
minutes while the temperature was decreased to 35°C. The
organic layer was separated and the aqueous layer was
extracted a second time in the same fashion. The organic
layer was dried with sodium sulfate, filtered and
concentrated in vacuo at 50°C to give a viscous yellow-orange
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Exampl e 22 The tenperature of a solution of dipotassium N
cyanodi t hi oi m nocar bonate prepared in agqueous nethanol according to Exanple

.16 was kept below 40[err]C while nmethyl chloride (160 g, 3.17 nol, 2.58

equi v) was added as a gas over 10 mnutes (final pressure = 100 psi). Once
the nethyl chloride was added, the reaction m xture was heated to 60[err]C
for 1.25 hours and then cooled. The +eaction mxture was filtered to renove
preci pitated potassium chloride. The reaction vessel was rinsed with
acetone (200 nL; nethanol could also be used) .and the isolated KO was
washed with_ac-_etone., The conbined filtrates were concentrated in vacuo at

50[err] C PdlrendbPE Phé WREhIRIFD ANE fAIGTE UiSeth TP aHe (K8GuRl 3
m./ g) waspagiged2andTbbe) nEat us £5 Wesurst | rited vicgl dl o Arivhiet ddmelible t he 4 and
t enperatu s_decr to 35[e or gani r S rated an
the aqueotittayaF dndobrpy aRpitt Al e e Teg B BBBT “rhe
organi c | wjeh aoBedEing ppimt soflitdnANG-ate, filtered and concentrated in
vacuo at 50[err]C to give a viscous yell ow orange - 37 - oil. The oi

was dried and cool ed under high vagcuum.(vacuum punp, 2.0 Torr) for 0.5
hour. The yield of the dinethyl egﬁggmgéigﬁ§eIIOMthite crystalline solid

was 160 g (89% Awsthusiosl ¢f ngptps situm melh a3 [ eraa@oditduiplieia®-A sol ution
g; ot azghug&sﬁsbél (W.8YRGOILL N Gl NO- . FULRENAL & BragiFeatdnd I, 1.0
’ Egamgggelagnin methanol (6.1 L) was charged to a 10-gal,
stainless-steel autoclave and treated with methyl chloride
(2.93 kg, 58.0 mol, 1.32 equiv) over 58 min at 30°C. The
temperature was raised to 50°C and held at less than 64°C for
1 h. The vessel was cooled and the reaction slurry was
filtered to remove the KCl. The KCl was washed with methanol
(6 L), filtered and rinsed with methanocl (2 L). The recovery
of KC1l was 2.77 kg (85%). The filtrate was concentrated at
about 60°C and 150 mm Hg for 1 h. The residue was dissolved
in dichloromethane (16.5 L), stirred and filtered to remove
residual KCl. The filtrate was concentrated at 40°C and 85
mm Hg for 23 h (heating for only 2 h) in a tray dryer to
produce 5.73 kg (89%) of a yellow solid.



Exanple 18) in nmethanol (6.1 L) was charged to a 10-gal, stainless-steel
autocl ave and treated with nethyl chloride (2.93 kg, 58.0 nol, 1.32 equivV)
over 58 mn at 30[err]C. The tenperature was raised to 50[err]C and held at
| ess than 64[err]C for 1 h. The vessel was cooled and the reaction slurry
was filtered to renobve the KO . The KO was washed with methanol (6 L),
filtered and rinsed with nmethanol (24g.. The recovery of KO was 2.77 kg
(85% . The filtrate was concentrated at about 60[err]C and 150 nmHg for 1
h. The resi due was di ssolved in dichloronethane (16.5 L), stirred and
filtered to renove residual KO. The filtrate was concentrated at 40[err]C
and 85 ngLAMSer 23 h (heating for only 2 h) in a tray dryer to produce

5.73 kg (89% of a yellow solid. - 38 - CLAIMS: 1. A process
conprising the_step of contactin 5% in a thanoll sol vent system a G oup
1 or 2 netal sart of MtPECSEFDFIIPHIGINAG £09 SEEP: P mnth at | east one

conpound contacnnngcaﬂmgkgﬁmnq)mﬂuhanammuMthmentsB&bcemena Gerohor m a
Symet 1 68 20helBEYAFLIAE Ane SUBMIUE Forlgnaha | RS O whereln fhe
y suita

R-group I'S an e substltuent grou The process of claiml,
wherein said netal salt is a pota55|un1or sodi um sal t.

with at least one compound containing an R-group under
conditions sufficient to form a symmetrical or unsymmetrical.
compound of formula I

CN
R-s‘,/l\\‘N,/’ I

wherein the R-group is any suitable substituent group.

2. The process of claim 1, wherein said metal salt
is a potassium or sodium salt.

3. The process of claim 1, wherein R is selected
from
substituted or unsubstituted, branched or unbranched
alkyl, C,-C alkenyl or C2-C alkynyl groups;

2 20 20
monocyclic or polycyclic, fused or nonfused,

€1-C20
carbocyclic or heterocyclic, substituted or unsubstituted
aryl groups;

hydrogen; and

(LT
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3. The process of claim1, wherein Ris selected fromsubstituted or
unsubstituted, branched or unbranched Cerr]-Cerr] alkyl, Cerr]-Cerr]
al kenyl or C2-C20 al kynyl groups; nonocyclic or polycyclic, fused or

nonf used, carbocyclic or heterocyclic, substituted or unsubstituted aryl
groups; hydrogen; and - 39 - non-aryl, nonocyclic or polycyclic, fused
or nonfused, substituted or unsubstitu®d- heterocyclic groups; or RS is
selected fromthiosul fonates; sulfonates; thioesters; and thiocarbanmates.
4. The process of claim3, wherein Ris selected fromsubstituted or

unsubstituted, Rhran o] e e al r The
process of clai ?110%, %\%ﬁgt’elrnﬁﬂgg?gf%tﬁﬁ%ﬁ%ég%%%ntﬁgéy%c?e%?gonn% %C}]'ol or
aqueous mesubstdtuted or wneubsbibutedfhererarBclithe e WPSai d net hanolic

sol vent syst amsf Yist lzan ec@aBr Eg8M €t hanol or acetone. 7. The process of
claim3 wherein %3idﬁé% ound .containing an R-group is nethyl chloride,
di met hyl sul f at &3PS ggFtFﬁdide. 8. The process of claim1 wherein

sai d conpound ofsulfonates;
thioesters; and

thiocarbamates.

4. The process of claim 3, wherein R is selected
from substituted or unsubstituted, b:anched or unbranched Cy-
C-s alkyl groups.

5. The process of claim 1, wherein said methanolic
solvent system is methanol or aqueocus methanol.

6. The process of claim 5, wherein said methanolic
solvent systém further comprises ethanol or acetone.

7. The process of claim 3 wherein said compound
containing an R-group is methyl chloride, dimethyl sulfate or
methyl iodide.

8. The process of claim 1 wherein said compound of
formula I is symmetrical and R is methyl.

9. A process comprising the steps of:

(a) contacting cyanamide, carbon disulfide, and a
Group 1 or 2 metal hydfoxide under conditions sufficient to
produce a Group 1 or 2.meta1 salt of the anion of formula II

' CN

(b) contacting, in a methanolic solvent system, said
Group 1 or 2 metal salt of the anion of formula II of (a)
with at least one compound containing an R-group under

A
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formula I is symretrical and Ris nethyl. 9. A process conprising the
steps of: (a) contacting cyanam de, carbon disulfide, and a Goup 1 or 2
nmet al hydroxi de under conditions sufficient to produce a G oup 1 or 2 netal

salt of the anion of forrmula Il [err] (b) contacting, in a nmethanolic
sol vent system said Goup 1 or 2 net salt of the anion of fornmula Il of
(a) with at | east one conpound containing an R-group under - 40 -

conditions sufficient to forma synmetrical or unsymetrical conpound of
formula | [err] wherein the R group is any suitable substituent group. 10.
The procegsn@it toms sk £ Whieingi tos ficdmnat aymsakricsl aopotnsyhmat oicaddi um
salt. 11. The progess of éﬂrain19, wherein Ris selected fromsubstituted
or unsubsfPTEPEY %faﬁ%ﬂ%ﬁ'or unbranched Cerr]-Cerr] alkyl, Cerr]-Cerr]
al kenyl or Cerr]-Cerr] alkynyl groups; nmonocyclic or polycyclic, fused or
nonfused, carbocyclic,or heterocyclic, substituted or unsubstituted aryl
groups; hydrogen; and n®n-aryl, nonocyclic or polycyclic, fused or
nonfused, substituted or_unsubstdy uted heterocyclic groups; or R-Sis
selected from o o N I

wherein the R-group is any suitable substituent group.

10. The process of claim 9, wherein said metal salt
is a potassium or sodium salt.

1l1. The process of claim 9, wherein R is selected
froh _

substituted or unsubstituted, branched oxr unbranched
Cl'czo alkyl, C2-C20 alkenyl or CZ—C20 alkynyl groups;

monocyclic or polycyclic, fused or nonfused,
carbocyclic or heterocyclic, substituted or unsubstituted
aryl groups;

hydrogen; and

non-aryl, monocyclic or polycyclic, fused or nonfused,
substituted or unsubstituted heterocyclic groups;
or R-S is selected from

thiosulfonates;

sulfonates;

thioesters; and

thiocarbamates.

12. The process of claim 11, wherein R is selected
from substituted or unsubstituted, branched or unbranched Cl-

C_. alkyl groups.

; 13. The process of claim 11, wherein said compound
containing an R-group is methyl chloride, dimethyl sulfate or
methyl iodide. _

14. The process of claim 9, wherein said compound of

formula I is symmetrical and R is methyl.
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t hi osul fonates; sulfonates; thioesters; and thiocarbamates. 12. The
process of claim1l, wherein Ris selected fromsubstituted or
unsubstituted, branched or unbranched C[err]- C6 al kyl groups. 13. The
process of claim 11, wherein said conmpound containing an R-group is mnethyl

chloride, dinmethyl sulfate or nethyl iodide. 14. The process of claim,
wherein said conpound of fornmula I-igisymetrical and Ris nethyl. - 41
- 15. The process of claim 10, wherein said salt of the anion of formula

-1l produced in step (a) is not isolated prior to step (b). 16. The

process of claim 10,_ wherein said salt of the anion of fornula Il produced
in step (a) i&srsolgpédpﬁPFSFStBQSF %1Tb}9'1Ypereﬁpp?6bés§§¥%db?N?&hg t he
step of :ar(icn of coxtmaldhi AJ, prodacedt banstep ¢al veést nsysisenlaweds oup 1 or 2

net al s%lrtajtoqf ttoh%t%%iaqg)qf formula Il RS

11T wt | eas compound cont ai ni ng an R-group under conditions
sufficient tolfr-odudearsprassr PEaflaimuhSynifierrinl sabdpiadd @f vt nul a |

[err] anion of formula II produced in step (a) is isolated prior to

step (b).
17. A process comprising the step of:
(c) contacting, in a methanolic solvent system, a

Group 1 or 2 metal salt of the anion of formula III

CN :
R=S )\N/ III

‘with at least one compound containing an R-group under
conditions sufficient to produce a symmetrical or
unsymmetrical compound of formula I

CN
R-s”’L\“N”’ | I

wherein the R-group is any suitable substituent group.

18. The process of claim 17, further comprising,
prior to step (c), the steps of:

(a) - contacting a solution of aqueous cyanamide and
carbon disulfide and a Group 1 or 2 metal hydroxide under
conditions sufficient to produce a Group 1 or 2 metal salt of
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wherein the R-group is any suitable substituent group. 18. The process of
claim17, further conprising, prior to step (c), the steps of: (a)
contacting a solution of agqueous cyananm de and carbon disul fide and a G oup
1 or 2 netal hydroxide under conditions sufficient to produce a Goup 1 or
2 netal salt of - 42 - the anion of formula Il [err] and (b) contacting
the Goup 1 or 2 netal salt of the anjpn of formula Il of (a) with at |east
one conpound containing an R group under conditions sufficient to produce a
Goup 1 or 2 netal salt of the anion of fornula Il [err] wherein the
R-group is any suitable substituent group. 19. The process of claim 17,
wher ei n Bhesasdbpcofdfbrmumsubstituted or unsubstituted, branched or
unbranched Cerr]- Cerr] alkyl, (err]-Cerr] alkenyl or (Jerr]-Cerr]

al kynyl groups; nonocyclic or polycyclic, fused or nonfused, carbocyclic or
het erocyclic, substituted_or unsubstituted aryl groups; hydrogen; and:
non-aryl, nonocyclic or polycyclic, fused or nonfused, substituted or
unsubstituted heterocyclijc groups; . or RS is selected fromthiosul fonates;
sul f onat es; s- N//,CN

II

and (b) contacting the Group 1 or 2 metal salt of the
anion of formula II of (a) with at least one compound
containing an R group under conditions sufficient to produce
a Group 1 or 2 metal salt of the anion of formula III

CN
R=S /l\u/ III

wherein the R-group is any suitable substituent group.

"19. The process of claim 17, wherein R is selected
from substituted or unsubstituted, branched or unbranched Cl-
C20 alkyl, cz-c20 alkenyl or C2-C20 alkynyl groups;

monocyclic or polycyclic, fused or nonfused,
carbocyclic or heterocyclic, substituted or unsubstituted
aryl groups;

hydrogen; and

non-aryl, monocyclic or polycyclic, fused or nonfused,
substituted or unsubstituted heterocyclic groups;
or R-S is selected from

thiosulfonates;

sulfonates;

thioesters; and
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- thioesters; and - 43 - thiocarbamates. 20. The process of claim17,
_wherein Ris selected fromsubstituted or unsubstituted, branched or

unbranched C [err]- (err] alkyl groups. 21. The process of claim19,
wherein said conpound containing an R-group is nethyl chloride, dinethyl
sulfate or nethyl iodide. 22. The process of claim?21, wherein said
.conpound containing an R group is nq;Q%I_chToride. 23. The process of
claim17, wherein said conpound of forfmula | is symetrical and Ris

met hyl . 24. The process of claim 18, wherein said salt of the anion of
formula Il produced in step (a) is not isolated prior-to step (b). 25.

The process of thiocadBamabesein said salt of the anion of fornula I

produced in st (a) 4s.isolated igr..to.ste 26. . gcess of

cl aim 18, furtﬁ%?'coﬁ%??s?¥ﬁf?ﬁﬁaégeﬁ}%&F 63Vi ?%%éiga?dlga%$f%$E? e ani on
of fornul &rem|sypshitntedasy wrhsylirawedyr byanchedtep popranghed The
process of _chpkyl 28rolperein said purifying renders said salt of the anion
of formulabl11 essentjally free of_c nLanigantﬁ rocess of claim

. 28. T
06 | ohorern hi Shoar i TRt Tofeas A R 100 BRETELA (PR rORRONAT e,

containing an R-group is methyl chloride, dimethyl sulfate or
methyl iodide.

22. The process of claim 21, wherein said compound
containing an R-group is methyl chloride. .

23. The process of claim 17, wherein said compound of
formula I is symmetrical and R is methyl.

24. The process of claim 18, wherein said salt of the
anion of formula II produced in step (a) is not isolated
prior to step (b).

25. The process of claim 18, wherein said salt of the
anion of formula II produced in step (a) is isolated prior to
step (b). .

26. The process of claim 18, further comprising the

step of purifying said salt of the anion of formula III with
‘at least one solvent prior to step (c).
_ 27. The process of claim 26, wherein said purifying
renders said salt of the anion of formula III essentially
free of contaminants.

28. The process of claim 26, wherein said
purification solvent is acetone or dichloromethane.

29. The process of claim 18, wherein said salt of the
anion of formula III is sodium methyl N-cyanodithioimino-
carbonate.

30. The process of claim 18, wherein said salt of the

anion of formula III is potassium methyl N-cyanodithioimino-
carbonate.

31. The process of claim 17, wherein in step (c¢), the
compound or compounds containing the R-group provide at least
one molar equivalent of the group R but less than two molar
equivalents of the group R.

—_—
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29. The process of claim 18, wherein said salt of the anion of fornula

}II i's sodium net hyl N-cyanodithioi m no- carbonate. 30. The process of
claim 18, wherein said salt of the anion of fornmula Ill is potassium nethyl
N- cyanodi t hi oi m no- carbonate. 31. The process of claim 17, wherein in

step (c), the conpound or conpounds containing the R group provide at |east
one nol ar ‘equi val ent of the group R bu#4less than two nol ar equival ents of
the group R - 44 - 32. The process of claim 18, wherein in step (b)
t he conpound or conpounds containing the R-group provide at | east one nol ar

equl valent of t N, O OUfh R dilllcels85 e BN KI5 OLRL SR Y SELS ) L) O OUP
R 33. A process conprising: contacting, In a nethanolic_ solvent System
a sodi um oFCEPPRRDRY (FAMPAUNGSt coBLRHRiRGC FBAORT FRPWP PFRHD oMat keadk a

met hyl ag i I}%qélg@dsﬁatlmigj’imléditg ioqn%h&ulg&bﬁbent bilhe P&sdugieandli ted idblar
N- cyanodi t hi oi mi pocar e. 34. A |'arge-scal e process conpri sing:
contacting?q?}y%ﬁﬁéﬁﬁéﬁgﬁ#%’§%FW§n ‘system a sodiumor potassiumsalt of -
N- cyanodi t hi oi m ¥3bcar Forrrosesisd compeighgti ng agent under conditions

sufficient to prochineadtimRf,hih N meeRadblDbObBL PR PPSReR; BSsodidhm
A ge- ecal g P 0SS S Sadlurt ST S nidbhE R-phtodELAYS BRI RS-SRS A LS TR
chl ori de. :
a methylating agent under conditions sufficient to produce
dimethyl N-cyanodithioiminocarbonate.
34. A large-scale process comprising: .
contacting, in a methanolic solvent system, a sodium
or potassium salt of N-cyanodithiociminocarbonate and a
methylating agent under conditions sufficient to produce
dimethyl N-cyanodithioiminocarbonate.
35. A large-scale process of claim 34, wherein said

methylating agent is methyl chloride.
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ABSTRACT

TITLE OF THE INVENTION: PREPARATION OF SYMMETRICAL
OR UNSYMMETRICAL DISUBSTITUTED
N-CYANODITHIOIMINOCARBONATES
A process which involves the step of contacting, in a methanolic solvent
system, a metal salt, preferably a Group 1 or 2 metal salt, of the anion of formula
(I} with at least one compound containing an R-group under conditions sufficient

to form a symmetrical or unsymmetrical compound of formula (I) where the R-group

is any suitable substituent group.



