WD 2005/ 097743 PCT/ US2005/ 010468 SYNTHESI S OF
PYRRCLE- 2- CARBONI TRI LES CROSS- REFERENCE TO RELATED
WQ@RPEOCATS ONS [ 0001] This application clains pPCDUB1095/010468
to U.S. Application No. 60/557,807, filed on March
30, 2004, the disclosure of which is incorporated by
reference herein inits entireties. This application
corresponds to U. S. Application No. filed on March 22,
2005. FIELD OF THE I NVENTI ON [ 0002] The present
invention is in the field of synthesis and isol ation
of pyrrole-2- carbonitriles such as
1- met hyl pyrol e-2-carbonitrile. BACKGROUND OF THE
| NVENTI ON [ 0003] Pyrrol e-2-carbonitriles are useful as
internmedi ates in the production of chem ca
conpounds, including pharnmaceutical and insecticide
conpositions. See, for exanple, U 'S. Patent Nos.
6,492,402 (directed to thronbin inhibitors) and
5,204,332 (directed to pyrrole carbonitrile
i nsecticidal, acaricidal and noll uscicidal agents).
[0004] Barnett, et al., J. Can. Chem 1980, 58, 409,
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1-nmet hyl pyrrole with chlorosul fonyl isocyanate in

di chl oronethane in a first step. In Barnett's process,

the product of the first step was reacted with DVF,

and the reaction mxture was then poured into ice-cold
CRO88-REFERENCERONRERATHR A RRITICATEONS vacuum
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yl pyrrole are said to include reaction wt
This mpplication cotrespandsce ($8] Applacatiomder _anoi di ¢ filed wdMarch 22, 2005.
2005/ 097743 PCT/ US2005/ 010468 oxi dati on conditions J.

Che , 99, 6111), reaction with excess
FIEﬁﬁlﬂbci E&ﬁm as a photosensitizer in the
Pr pMOYE € Thé presédianaintion &yiaMheifeld Ol Biiithdis(ahdGh@afion of pyrrole-2-
carbonitriles such as 1-methylpyrole-2-carbonitrile.

BACKGROUND OF THE INVENTION

[0003] Pyrrole-2-carbonitriles are useful as intermediates in the prodﬁction of chemical
compounds, including pharmaceutical and insecticide compositions. See, for example, U.S.
Patent Nos. 6,492,402 (directed to thrombin inhibitors) and 5,204,332 (directed to pyrrole
carbonitrile insecticidal, acaricidal and molluscicidal agents).

[0004] Barnett, et al., J. Can. Chem. 1980, 58, 409, teaches a synthetic process for 1-
methylpyrrole-2-carbonitrile involving the reaction of 1-methylpyrrole with chlorosulfonyl
isocyanate in dichloromethane in a first step. In Barnett’s process, the product of the first step
was reacted with DMF, and the reaction mixture was then poured into ice-cold 4M HCI.
Following product workup and vacuum distillation, 1-methylpyrrole-2-carbonitile was said to be
obtained in 58% yield.

[0005] Other synthetic methods for 1-methylpyrrole-2-carbonitrile from 1-
methylpyrrole are said to include reaction with methanolic cyanide solution under anoidic
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Soc., Chem Conmmun. 1978, 1108), reaction of
trimethylsilyl cyanide in a tetraphenyl phorphi ne-
w@emsiei7zaed phot ooxi dation at -70 C (J. Am Che@T/US®05/010468
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chloriderret kmh@yﬂlendmtaﬁlecsalvbnm i Samid Eroceliupasrreqlite the useatdhedinatography in
ch] orosul fonyl isocyanate in the presence of a
ﬂwl%%ﬁV@ﬁF“#ﬂﬁW”}gq%ubstant|aIIy unreactive wth
chl orosul fonyl isocyanate and contacting the resulting
product with a nolar excess (preferably at |east about
2.0 nol ar equivalents) of an N, N-di al kyl f onnam de.
SUMMMXSQEW&EINVEW%M acted with a nolar excess
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least BY&UtQ.Bmdtar equiivalehisy off ﬂl NJNldQH{yﬁﬁhﬁamlﬂéO dihferoguct isen contacted
pyrrole-2-carhbonitrile is isolated by distillation.

with p@@dm] excpssyBipEeTablly ghlcaw baut 3. ol G&BWﬁlePES) phim,eiganigbase to
prodlgc%:af e ggét% Gnd h@ l‘ﬁﬁ&tl hdleOThb BRS E‘p ﬁ)ltaf‘e'fp ga{rﬁt’[eg S%Jg} the solution

that “the S0 vent conprises to
phasd dthheorr pspeﬁémg@gfrrefdal}darhemtlﬁe i¢ Belated from the resulting solution phase.

Iforramd N- . di met hyl f onnam de. ( DVF) .
In soplsGaRod TS TS BSHIap Hisro b PR 1 Mo A B pegrole-2-
carbcﬁ‘ﬁ'ﬂm‘i@ B ceftBindniBatth&nt@ Thé fyrrdl@-Z -SOBRIRIEE SR by distillation.
nmbodi nents, the base’is i et hyl am ne.

[0007] Insome embodiments, the solvent 1s toluene or acetonitrile. In certain of these
embodiments, it is preferred that the solvent comprises toluene.

[0008] In other preferred embodiments, the N,N-dialkylformamide is N,N-
dimethylformamide (DMF). '

[0009] In certain embodiments, the base is a tertiary amine or an aromatic amine. In
some preferred embodiments, the base is triethylamine.

[0010] In yet other embodiments, reaction of the pyrrole and the chlorosulfonyl
isocyanate is performed at a temperature at or below about 0 °C. In certain embodiments 0.1 to
0.4 molar equivalents of water per equivalent of the solvent is added to effect dilution. In certain

preferred embodiments, the isolated solution phase is concentrated prior to its subsequent

dilution and distillation.
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[0010] In yet other enbodi nents, reaction of the
pyrrole and the chlorosul fonyl isocyanate is
wp@eokoyiTesl at a tenperature at or bel ow about PCTUS1005/010468
ce pﬁmp e BRRLS, Hle InveRtioPalfo BRlcBInsOHILR! RASe Blade by the
wat er per equivalent of the solvent is added to effect
procefistuof the instant tventidm  pref erred enbodi nents, the
i sol ated sol ution phase is concentrated prior to its
subsequent dilution and distillation. -2 WO
2005/ 097743 PCT/ US2005/ 010468 [00111 in other

DETRSIED DESORIPTIGN IOPILBUSTRATDA EMBODIMENTShat are
made bé the processes of the instant invention.
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g : : .
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, Scheme I
o)
— \\S / N\C
- cl \\O 0
1-methylpyrrole chlorosulfonyl isocyanate
i) DMF
ii) triethylamine

[ —

1 -methylpyrrolé—2—carbonitrile

[0014] Although we do not intend to be bound by any particular theory or mechanism
of operation, the N,N-dialkylformamide (such as N,N-dimethylformamide (DMF)) is believed to
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ii) triethylamne N 1 -nmethylpyrrole-2-carbonitrile
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[0018] The pyrrole moiety is generally sensitive to acids and will form tar in their
presence. In the instant process, the use of a molar excess of a base such as triethylamine (Et3;N)
(preferably at least two equivalents), is believed to effect precipitation of a relatively pure, solid
salt (e.g., EtsN-SO3) that can be removed by filtration. The filtrate (containing, e.g., Et;N-HCI)
can be worked up by aqueous extraction. Applicants have found that the triethylamine treatment
increased the 31-41 % yield reported by Barnett, et al., J. Can. Chem. 1980, 58, 409 to 65-76%.

[0019] Applicants have found that although one can distill the solution phase that is
isolated following treatment with the organic base, in some embodiments, it is preferred to first
add at least some water thereto, particularly when the distillation is performed at atmospheric
pressure. While not wanting to be bound by theory, it is believed the addition of water breaks,

for example, the toluene-nitrile complex. The addition of water has been found to allow



met hyl ene chloride), chlorobenzene, dial kyl ethers
(such as diisopropyl ether) and alkyl nitrites (such
w@sgooaogtrani trile). In some enbodi ments, tol ueneCDDS2005/010468
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toluene is preferred. [0018] The pyrrole noiety is
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Et 3NHCl ) can be worked up
the1%&&?163&1@53&&%%%1?‘1‘5%&%rx]hc%})\ppl i cants have found that the
trlethyl amne treatnent increased the 31-41 %yield
g}rted by Barnett, et al., J Can. Chem 1980, 58,
Xa‘EB o 65-76% [0019] Applicants have found that
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is co%éﬂv@ af\®Fca¥@RAd1 81y With &R UNdrdtitR0oly 15 hiinl N N—d1methylformam1de
bel i eved the addition of vvat er breaks, for exa

(DMFh21 } gl 1:@ melnwvas added sorgp é)x C foHewediby tn@hwlaﬁlnﬁfa(g&‘ gha8 mol) and

the sg%% foundt I%Ejia aé é%}‘“ge glglre g?ﬁ ?psgg\glgx&'prgﬁlglt?tp Syas tﬁﬂtgred and washed with -

acetd?ﬁ@@&@@OQﬁL)a TiRMghR s ofent@fed vnbantediceCprdsBuree W akN(4.0 L) was
enbodi nents, 0.1 to 0.4 nolar equival ent of water per

addeé tutheapede, @ha% WeEhterpatedsad the aryeoys phase wan 9>@mcteéﬁmh ethyl

aceta?f&t)gioé ML@P?P d&H@:ﬁ& g%%@nc&ha%%g}r%gw Qlﬁd{\ﬁlgﬁgﬁﬁ?{ﬁ 500 mL). The

orgamic Iphadmavwmcaﬂmmdl unkat vachesmendxanekidae e distilédidsg a Vigreux
only for jillustrati nd, c arison to the existing
colurgp et apggrizate y deoin Hellaa 4 S 19 g PHEhpypRle Srcarpaiinile (282 g,
76% yg%qtl on unl ess specifically indicated. Exanple 1
[ 1] A5 liter flask was charged with acetonitrile
(2.0 L) and 1-nethylpyrrole (83 g, 3.5 nol).
Ch] oy osul fonyl isocyanate (495 g, 3.5 nol) was added

Exa‘HP ise maintaining so as to maintain the reaction
92 t Sfa@tn?% witR 47 9 DofG-mlethygiierd4l tRereR@cRGyish@hducted in a manner
rosul fon I socyanat e

gene1ally analogous to Example except that the acetonitrile was replaced with toluene. After
addition of chlorosulfonyl isocyanate, two layers were formed. Upon cooling to 0 to 5 °C, the
bottom layer solidified. The hygroscopic solids were collected by filtration and washed with
toluene. Concentration of the filtrates gave 325 mL of a toluene solution containing (as

determined by 1H NMR) 0.55 mol of 1-methylpyrrole-2-carbonitrile (58.3 g, 95 % yield).

Example 3

[0023] A crude solution of 1-methylpyrrole-2-carbonitrile in toluene, produced as in
Example 2, was washed with brine containing sodium hydroxide to remove traces of acids. The
separated organic layer (673 g) was atmospherically distilled (head temperature 110-115 °C) to
remove the bulk of the toluene. Water was added (255 mL total) and the distillation was

-5-



Is corrosive and reacts violently with water. After
stirring for 15 mn., N, Ndinethylformam de (DWV, 511
wW@2003/0077wdl ) was added at -4 to O C fol |l owed bRCT/US2005/010468
continGb® {ftlll (REhER terhBeratire Ftaled ) iherdR to bBEVeH6 0.1 TIE YR Tesidue (290 g),
continued at 10 T. The resulting white precipitate was
contdihingespme veater, Was Faetionally distiled order r¢dueed pBssult o giTh é-

filtrate cend rated under reduced pressure.
nwﬂV@ngﬁTgf%ﬁ%Tﬁ§ggﬁ?zg ed to the residue, phases were
separated and the aqueous phase was extracted with

ethyl acetate (2 x 200 nmL). The conbi ned organic o
phH24] wérkrajendh @aten) anplipations, qud othesybligations Hhat appear in this
- |G - : nder vacuum and t he
oot SRS A e e BBy ot ol umn at
approximately 4 nmHg/ 70 + 10 Cto give
1- met hyl pyrrol e-2-carbonitrile (282 g, 76%yield).
Exanple 2 [0022] Starting with 47.0 g of
1-nmet hyl pyrrole, the reaction was conducted in a
manner general ly anal ogous to Exanple 1 except that
the acetonitrile was replaced with toluene. After
addi ti on of chlorosul fonyl isocyanate, two |ayers were
formed. Upon cooling to 0 to 5 C, the bottomlayer
solidified. The hygroscopic solids were collected by
filtration and washed with toluene. Concentration of
the filtrates gave 325 nL of a toluene solution
containing (as determ ned by 1H NVR) 0.55 nol of
1-met hyl pyrrol e-2-carbonitrile (58.3 g, 95 %yield).
Exanpl e 3 [0023] A crude sol ution of
1- net hyl pyrrol e-2-carbonitrile in toluene, produced as
in Exanple 2, was washed with brine containing sodi um
hydr oxi de to renove traces of acids. The separated
organic layer (673 g) was atnospherically distilled
(head tenperature 110-115 C) to renove the bul k of
the toluene. Water was added (255 nL total) and the
distillation was -5 WD 2005/ 097743 PCT/ US2005/ 010468
continued until the head tenperature started to
i ncrease to above 86 T. The pot residue (290 g),
contai ning sone water, was fractionally distilled
under reduced pressure to give 1-
nmet hyl pyrrol e-2-carbonitrile (217 g).



[00241 Al patents, patent applications, and other
publications that appear in this application are
w0 pwsiopornt ed herein in their entirety. -6 WO PCT/US2005/010468
whAQPe1died43 PCT/ US2005/ 010468 What is Clainmed: 1. A
process for preparing a pyrrole-2-carbonitrile
conprising: (a) reacting a pyrrole with chlorosul fonyl

i sqcyanate in the presence of a. solvent.. (b)
L ofBErTh R TBROTOb ZSRetedle RS EED| ar excess
of (@n Nrddctifh abkybik aFitipdHISBsulfdhy] EOE RGN the f¥8sence of a solvent;
product of step (b) with a nolar excess of an organic
ba€® r esenteqting the produet of stsaer with a sfoler gzeessiofian &LY- and
. | utiQn phase; (d) separating the precipitate from
dumﬁwégg%ﬁggion phase; and (e) isolating a
py(d)ol ecehtaaingahe prodhe dfism(b)with amlarosxcpdiagan OkgdicEhase resulting
. (d). 2. The process of claim 1l wherein at |east about
in the prpdusiief ofcpiecritalgrad asoltonpResedi al kyl f or manmi de are
us in %ta% e FRP leM,}q Wher ei n
saﬁg or% n|cnggﬁgx?gpgagertlg%éﬁgﬁﬁﬁgh%%’an aromatic
anm{de. Holafing apyooksz-cabonitdlie frodn thieesoBkition @hadeadstepd df)
nol ar equivalents of a tertiary amne or aromatic
amne are used in step (c). 5. A process according to

2. anyLOBRcEds BB whdrlintt YS! ot 3.0%nolar e_quiv,afents of an N,N-
le 1s 1solated by distillation.

pyrrol e-2-carbonitri

dialk§lfommpnivle@assused dostdp ). t o any one of clains 1 to 5
wherein the pyrrole is 1-nmethylpyrrole. 7. A process
according to any one of clains 1 to 6 wherein the

3. SOTH&Pocks ofelaiBNewRdreindaRE @Bt basR is B teriarh 2RSS an aromatic
~according to any one of clains 1 to 6 wherein the

amingol vent is toluene. 9. A process according to any one

of clains 3 to 8 wherein the tertiary amne is

4. The process of claim 3 wherein at least 2.0 molar equivalents of a tertiary amine or

aromatic amine are used in step (c).

5. A process according to any one of claims 1 to 4 wherein the pyrrole-2-carbonitrile is

isolated by distillation.

6. A process according to any one of claims 1 to 5 wherein the pyrrole is I-methylpyrrole.
7. A process according to any one of claims 1 to 6 wherein the solvent is toluene or
acetonitrile.

8. A process according to any one of claims 1 to 6 wherein the solvent is toluene.

9. A process according to any one of claims 3 to 8 wherein the tertiary amine is
triethylamine.

10. A process according to any one of claims 3 to 8 wherein the aromatic amine is pyridine.
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triethylamne. 10. A process according to any one of
clains 3 to 8 wherein the aromatic amne is pyridine.
W0 200972605/ 097743 PCT/ US2005/ 010468 11. A pr oREBES2005/010468
according to any one of clainms 1 to 10 wherein the
N, N-di al kyl foi mam de is N, N-di net hyl f or mam de,
11. N- Agrogdspagerdig treamyr ond-dfotaigk oo pO eihieredn the2N,NAdialkylformamide is

[ ocess. accar,di to.,an ne o | ai jrs 0 10 wherein
NN R R B T PP EPE o N Qe B PR A RS a d
13. A process according to any one of clains 1 to 12

wherein the nolar ratio of the pyrrole to
12. chAgreesss feseyding towyaonstad claams | donl O wherein the N, N-dialkylformamide is

iNJ¢@gﬁgﬁ§@§%}§fﬁgrd'ng to claim5 wherein water i s added

ron phase prior to distilling the
pyrrole 2-carbonitrile fromthe sol ution phase of step
(d). A process according to claim 14 wherein
13. ¢ oA@rQC%ﬁC&Pr@a&twwme ofrclapas dito pawhersiythganelat ra@p of the pyrrole to

chlo g\hlyﬁ{é/ilsoéyt telib ﬂlOéq toAd. Pfocess according to claim

e SO utlon phase of step (d) is
concentrated prior to the addition of water in step

A pr cess acc r to an ne of clainms 1 to
14. 16A'\m%‘feé§ ?1°°§f ’pg foygtainy gtleteegq Wg@r eée dged josths solutign ghage prior to

dlStllﬂE% e iy g:%i lelﬁom'%h@{o‘?lﬁi&ltp}fa%&flg%sp (Qil) _g duced by

any one of clalns

15. A process according to claim 14 wherein 0.1 to 0.4 molar equivalent of water per

equivalent of solvent is utilized.

16. A process according to claim 15 wherein the solution phase of step (d) is concentrated

prior to the addition of water in step (e).

17. A process according to any one of claims 1 to 16 wherein step (a) is performed at a

temperature at or below about 0 °C.

18. A product that is produced by the process of any one of claims 1 to 17.



