13
PCT/ US95/ 13492 wherein each X i ndependently
represents wpdsagss, halo, a Cerr]-Cer ; ' t rai ght
or% branched chain al kyl radical, a C3-C6 ﬁmgﬁ ‘ga%ﬁ%‘a , Pcrmfssnsqgg
a CJerr]-Cerr] straight or branched chaiin_al |cal a C3-Co6

cycl oal koxy radical, cyano or nitro and n is an integer of fromO0-5. 5
The present 1ﬂSHBSMEUEED&ES&‘H(IOW&TMOﬂmmm-dm-dlETRAZOLES,

conposi ti ons §Q?B$F§tbﬁsa&oh‘ﬁ&prﬁp' ol AB TUeTR USE A  ANTIMICROBIAL

antim crobia 3 a conpound correspon

Formul a 1. MARINE ANTIFOULING AGENISpresent i nventi on i's further
directed to a nethod for 10 i nhi biting mcroorganisms in
a mcrobial habitat conprising contacting said -

mi crobi al5 habi tat wi tThe awmfnvmwvbﬂ'sﬁcrgﬁtemwﬂr%stltuted- -thiomethylthiocyanato-
anount of a -¢|9W(é c‘éﬁfpb&ﬁd%%ﬂwtrbﬁkcsﬁ{amﬁr@saﬂd compounds and the use of these

The anti m crobi a ositjons of  t r? i nvention can

al so be errplc8§7'€85'¥'8" rggé‘&tfm‘ﬂﬂhfaéeré%m Sk?fg@é%‘{ '§939%R%i ne envi ronnent 15

i n which mari ne or garrhe present 0weitor(is diveztdd tb kempdunas boredsparalirnh to the formula

marine organi sms on said surfaces. WO 96/ 19461
PCT/ US95/ 13492 The preferred conpounds of the pr esent
i nventi omg ncl ude those wherein R CRPr esents phenyl , 3-

4- chl orophenyl , 3-net hyl phenyl an c cI ohexyl and nost ﬂr ef er ably
cycl ohexyl . I n resent specrflcatlo and cl ains, the
term"alkali netal" is en@)l’ﬁy d to>s Nesi gnate sodi um potassium |i thi um

or cesium ,g Ig sent specification and clains, the
term "hal 0" is enployed to desr at brono, chloro, fluoro or |odo.
In the foll ow ng process schematic fornulas, certain specific alkali
metals, hglo groups and specific solvents are set forth. These

repr esent at ivpRiseidRGe Js}eie»surarce&em tfopsraa&eaenarﬁamgrrs&cﬁruﬂc & 8cldaikyld? abe
considered as an in tion 'that these specifical épfesent atlons are

the only gr ®hsay sdicahelihe @MU ch can be enpl oyed. The

1- substituted-5-thi onethylthiocyan -1H-tetrazol e conpounds of the
present invention can be prepared 2zing a nunmber of procedures. In one

such procedure, an appropri ate substi t ut ed- 5- ner capt o- 1H-tetrazol e
conpound 4 85 reacted w th an al kalgg,metal 15 net hoxide to prepare the
correspondi ng al kali netal salt product. The general. scheme for this

fi rst reactlohe ste

réin egch X inggge?'nldler?ty\slrsr:epresents hydrogen, halo, a C,-C, straight or branched chain
alky! radical, a C,-C, cycloalkyl radical, a C -C, straight or branched chain atkoxy radical, a C-C;
cycloalkoxy radical, cyano or nitro and n is an integer of from 0-5.
The present invention is also directed to antimicrobial compasitions comprising
25 aninertdiluentand an antimicrobialry~effective amount of a compound corresponding to
Formula 1. ' | | |
The present invention is further directed to a method for inhibiting
microorganisms in a microbial habitat comprising contacting said microbial habitat with an
antimicrobially-effective amount of a compound corresponding to Formuia 1.
30 The antimicrobial compositions of the present invention ¢an also be employed to
treat surfaces exposed to a marine environment in which marine organisms grow to prevent

. the growth of said marine organisms on said surfaces.
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SH SNa [err] ~ wherein R

I's as hegRj e defi ned. z In carrying ou%@??ﬁ'_
reaction step, the appropriate 5-nercapto-1Htetrazole i’ W% S

di ssolved in an al kanol solvent such as nethanol containing an excess
(about 25 1.0-1.5 ui val ent s nmetal al koxi de such as sodi um
net hoxi de and t he rﬁp{ﬁfg"?@co"?mugﬁ%@%pra{enr ipueRYonpdldethese wherein B iyt es
to an hourrepiksents pianyl, Brordicklonsphehny, 3-methylphenyl @ng eyrichakyt,ind Aribst préfecabne d
pressure apgio;\g% resi due dissolved in an inert solvent such as

di met hyl f o mani t et rahydr of or mam de or gl yne. . The
desired 1-substi tutlemeﬂentnntlﬁsdtmhlaod:yiamtmetdrhi'taﬂ(atlam#lélspnmlhyedto s then
30 reac} edgedigh E‘te@ﬂdnﬁﬁ:cﬁééssﬁﬁpﬂ% rfmpcegm equi val ents) of a hal omethyl (or
ethyl)t |ocy§nate suc as chl or onst yl thi ocyanate or

chl or oet hyl t hi ocyar@the Prqﬁetsgeﬁfé%'lonéeﬁéﬂ@#@eterm “hafo” isgmployed tedesignate st ep

i s as fol | gémo, chiordfluoro oriodo.

-2- WO 96/ 19
PCT/ US95/ 13492 A}n %he following process mmatlc formulas, certam specific alkali metals, halo
[err] -  droups anﬂbﬁcﬁﬂcrsolﬁhnts apssebforth mn&evq:rebeﬁﬂaﬁeds are only presented for I n

retr aztl cPRHEHeFe af &R ns} e Bprderiy sinaeieon Bt e BRI 1) ooyanaice i
a sol vent representations are the only groups or materials which can be empioyed.
The 1-substituted-5-thiomethylthiocyanato-1 H-tetrazole compounds of the
present invention can be prepared utilizing a number of procedures. In one such procedure, an
appropriate 1-substituted-5-mercapto-1 H_-tetrazole c'omﬁound is reacted with an alkali metal ‘
15 methoxide to prepare the corresponding alkali metal sait broduct. ‘The general scheme for this
first reaction step is as follows: '

?H ' '_SNa
20 \y=y/ —— =x7

wherein R is as hereinabove defined.
In carrying out the first reaction step, the appropriate 5-mercapto-1H-tetrazole
compound is dissolved in an alkanol solvent such as methanol containing an excess (about
25 1.0-1.5 equivalents) of an alkali metal alkoxide such as sodium methoxide and the mixture is
stirred at room temperature for 15 minutes to an hour. The reaction mixture is then
concentrated under reduced pressure and the residue dlssolved inaninert solvent such as
dlmethylformamtde, tetrahydroformamide or glyme.
The desired 1-subst:tuted-s-thlomethylthn ocyanato-1H-tetrazole product is then
30 reacted with an excess (about 1 0-2.0 equivalents) of a halomethyl (or ethyl)thiocyanate, such
as chioromethylthiocyanate or cth‘roethyIthiocyanaté. The general scheme for this first .
reaction step is as follows: . '
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di met hyl formam de are heated at a tenperature from50 to 1 00C. for fromé6
to 24 hour gy reaction mixture is cooled to roomtenpe

diluted with amﬁ,tggirae This mxture is extracted with a sol \i/’gtrl]‘{ifgsdﬁﬁ&

nmet hyl ene chl ori de and the thus obtained organic |ayers are washed with
water, then with brine and then dried. After concentration, the product

whi ch forms can l:s;qg ur t her purified by conventi gqgy te(st@N ques such as
chromat ogr aphy over sjilica gel using hexane/ et hyl (,Zetnate as the

el uent. The gene me for this reaction st 15 foll ows:

[err] % E"wher R + SNGS( Cibs i Chbob &R i nesE N The
fol |l ow ng exarrpl €3ql b r at e~—t-he—presept i nvent ﬁd/t he manner by which
it can be gracticed Dut, as such, should not be cofstrued as limitations
upon the overall scope of the sane. 25 Since the

her ei nabove avheréinRds ashénenabewstdefioed.h conpound preparation procedur es
SIPLOY oty standard Bk blocRiE dsGReRBA1-Ynsl Sud R BReuR AL

di fferent reactants can require s R erent reaction paraneters
fromthose fctetaeeieand epalkalimets! tmocvajvate such ?ﬁ Retassivm &hignianeteimatoIveNhich as

nodi fi cati onggirethiiférmaRdd dre Redtad mgbarasﬁa ffdm 561> W6 C.38¢ Mm stts &4 hoursOf
an excess %f Jﬁne reactant, the use of a catal yst, the use of

t enper at ure JRATGoN Prrusgis ‘°°'%F°e’§§ﬁ'rt§m8€fﬁf‘ﬁﬁé’m diluted it yyateg Tﬁ'W'ﬁB"‘dﬁd

ot her such ceritedtiéd withb samﬂg&a afun@thiiehb ciflofitiand the tHUO PBtaitled bhﬁnnnmﬁr&e
i nventi on.

d b d f
reaction pr od\fﬂf?ed Yt W@teé‘ﬁg%wgh E,‘??Sﬁ" éﬁquﬂr ?’\flﬂé’c %\ﬁ%gg’d’ﬁ?e'gs arﬁ%ﬁf"ﬁ’{j a rp“‘h
convent i onal fewmpaeabefurther purdikd ibg sorveotional echiiques siedaids I:PB’dmaﬁfgraphy over silica

- 3- @%ﬁ” 4@1 Itl tate as t t. Th [ scheme for thi 1
et usos: e ORIl Desge VB e

filtration, eHewys: vvashl ng, col um
S(CHp),C1 5(CHa) SO
| _ .
R—-N/\N +KSCN R
\N-‘N \N=N/

20
wherein R is as hereinabove defined.
The following examples illustrate the present invention and the manner by which
it can be practiced but, as such, should not be construed as limitations upon the overall scope of
"the same. .
25 Since the hereinabove and hereinafter set forth compound preparation
procedures employ only standard chemistry practices and it is known that slightly différent
reactants can require slightly different raaction parameters from those for otﬁer reactants, itis
to be un.derstood that minor modifications to the reaction parameters set forth such as the use
of an excess of one reactant, the use of a catalyst, the use of high temperature and/or high '
30 pressure equioment high speed mixing and other such conventional changes are within the
scope of the present inveéntion. '
The desired product can be separated from the reaction product of the above

preparative procedures employing conventional separatory procedures known to those skilled
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chromat ogr aphy, neutralization, acidificati on, crystallization and

di stil | awpesri9461 The structure identity of apbraR s s
confirmed by proton nucl ear magnetic resonance spectroscopy err]H
NVR), recorded at 300 MHz; carbon nucl ear nmagnetic resonance

spectrosco 1 M\&%ﬂ p scopy (IR
and gas m/théLR iAo ra ?ﬁ%@?ﬁ%@hﬁ&%‘" tﬁ‘k@g‘&q&% &? J"'E)he reactions
are conducF‘UQmampha( neutrabm-iom axgi'fpna@g@,metamzawtmm"anon EXAMPLE 1:
gae_lggg\‘lt ion of 1 -Pigetardi Hérﬁﬂ?&#yllckmpgﬁﬂdi%ﬂﬁrﬂéﬁ Hy@rét8R ﬂb&ea[r n'i]ag]netlc 15
A sol ut i on"eenqnse gpegl;rgﬁgpy((dj NM@),mzpegﬂf. 330 Niiz; carbon nuclear magnetic resonance
5-((chl ros&khwcbim’cmk)mmuaiﬁwz, mfrér@arsmbﬁoafm)@néﬁéﬁ (0 0088 nol e)

f t th ted at
85C. f 3?3' ot graeyErasspaeranetin SEni Be? e (odtensareopatEhindRts i e and
sl oW y poupesitiveyiréssure bf mitrogen. i nto 100 nL of water. The resulting

suspensi on tr VM {hyl ene

chl ori de, EWF e C@ﬂ%&&.@?ﬁﬂ;&ﬁﬁ {hmn?th%r c%éak&'?ﬁ t%;a g&l rst with water.
and then with brine and then dr| ed over sodiumsulfate. The materi al

t hus obr1¢| ned was concentrated to gi gg crude product as a solid which
was puritied by flash chr omat ogr gﬂ& Nuti ng with 50 percent
hexanes/ethyl acetate giving the bove- naned product as a yellow solid
(0.93 g, 85 percent of th - IVR(300 MHz, 25 CDCl[err]) 8 7.58
(bs,5H), 4.92 (s, 2H); [e HN E M CDCI[err]) [err]

151. 30, 132. 59, 130. 47, 129. 88 110. 73, 37.54. EXAMPLE 11 :
Preparation of 1-(3-Chlorophenyl)-5- th| onet hyl t hi ocyanat o- 1H-tetrazol e ‘
SCHZSCN 30 [err] 35

-4-

A solution of (1.0 grams (g), 0.0044 mole) of 5-((chloromethyl)thio)-1-phenyl;1 H-
-tetrazole and 0.86'g (0.0088 mole) of potassium thiocyanate in 15 mL of dimethylformamide
was heated at 65°C. for 24 hours. The reaction mixture was cooled to room temperature and
slowly poured, with sti rn ng, into 100 mL of water. The resulti.ng suspension was extracted
20 twice with 50 mL portions of Methylene chloride, and the combined organic layers were
washed first with water and then with brine and then dried over sodium sulfate. The material
thus obtained was concentrated to give the crude prod_uct as a solid which was purified by flash
chromatography eluting with 50 percent hexanes/ethyl acetate giving the
above-named product as a yellow solid (0.93 g, 85 percent of theoretical). "H NMR (300 MHz,
coc ) §7.58(bs, 5H), 4.92 (s, 2H); *CNMR (75 MHz, CDCl ) 8151.30, 1 32.59, 130.47, 129.88,

25
123.38, 110.73, 37.54.
EXAMPLE Il : P_reparatlori of 1-(3-Chl6rophéhyl)-S-thiomethylthiocya'natc-1 H-tetrazole
| | ?CH?SCN
30 ‘
o 1—©—' N /\\N
\N o N /
: 38
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WO 96/ 19461 '
PCT/ US95/ 134§ Thi s conmpound was prepared t he
pr epar ative p?‘&:edlures of Exanple I. The productvvasrecovg?:g.hJ asajlgz
whitesolid nelting at 138-140[err]C, in a yield of 66 percentof

Ellr—lbeorﬁair(r:?lC N[I\/eRrr]7E %&% F(gﬁvafg%{ers élloulE%{;\Lgéep%%ﬁ{/ggro%wures?df?%n‘:ﬂl I

121. 47, 123. GQ'hQB(OdBGVm19692&&3&&3@!1@"6516&%34438-840°E)006\RE0“6 percent of
Preparation Qhechedcdr @Wﬂ@m@rk) S, 95! 201} 7.5 G ¥R 2 vl Sl ed g g
SCH2SCN 10 err I S conpoun
prepared fol 3§®Prid06hel2hAd 23013 Br‘éé@adﬁéésdﬁsﬁidﬁ]bl% l . The
product wag r gRAMPLEM : ﬂﬁaafé’ﬂbﬁ 6f ﬁatamhrb?h@\yws&hdm@fug&ﬂ.u@%@ﬁmH dtrazole
theoretical. '"H NVR (300 err .55 (m 4H)
[err]C NVR (75 MHz, CDO[err]) 8 37.51, 110.54, 124.71, 130.00, 15

131. 00, 136. 35, 151. 37. EXAMPLE | V: Er?par ation of 1

- (4- Bronophenyl ) - 5-t hi onet hyl t hi ocyana o etrazol e

SCH2SCN 20 [err]

Thi S corrpound was prepared f ‘S\g tfk‘ eparative procedures of Exanple
product was r

: %Vé solid which rrelted at
98 100[er P in ayield of 65 perc 25 theoretical. 'H NWR (300 VHz
CDC1[err])8492(s 2H), 7.48 (d, J = 8.8 Hz, 2H), 7.74 (d, J = 8.8 Hz,
2H); [err]C . i ,

NVR( 75MHz, CDA [ err]) [ SPF{TPo88Y MEbPEgared jollwing the peeppestive progedures pf Example
EXAVPLE V: PiThppnogdustovas odcodered as-aiwvhite sofith vapigld 6f §2nentent bijthedrticay. a HAMR (300
Htetrazol e muz, coci,) §4.93 (s, 2H), 7.55 (m, 4H); C NMR (75 MHz, €DCl3) 8 3P4, 110.54, 124.71, 130.00,

15 131.00, 136.35, 151.37.

EXAMPLE IV : Preparation of 1-(4-Bromophenyl)-5-thiomethylthiocyanato-1H-tetrazole

| ?CHZSCN
20 , N/\\N
- : Br \N_ N/

This compound was prepared following the preparativé procedures of Exampie |
The product was recovered as a white solid which melted at 98-100°C. in a yield of 65 percent of
25 theoretical. 'H NMR (300 MHz, CDC1,) § 4.92(s, 2H), 7.48(d, J = 8.8 Hz, 2H), 7.74 (d, ) = B.8 Hz,
2H); 3C NMR (75 MHz, CDCl3) § 37.68, 110.63, 124.75, 124.98, 131.70, 131.24, 151.35.
EXAMPLEV : Preparation of 1-(4-F|uorophenyl)-s-thiomethylthiocyanato-1 H-tetrazole |

N SCH,SCN
BonhY;
P Ww=n’/
35.
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35. WD 96/ 19461

PCT/ US9S%dk Thi sconmpound was prepar g the
preparative pr&(')‘cledures of Exanple I. The product was rg‘&-@@% %san oi |

in ayield of 60 percent of theoretical. [err]H NVR (300 Mz,

E/I—D|ZCI [ (élr:)g ) Eaﬂ rl 4 |s&§mp€di%l vg%pﬁe}fgygE&%hQ Zh :Q'erga%twe@rbcehures L&A"vae(l &

117. 26, 125"@@%& @& recxersd ag 80iln aMEld G50 PRMCeBEIf Hisehrdikal. SH NEMAROU HY,
Prepar ati ofbe} 54.96 &; Mt 1 (PJFQF)’ b)s %ntiH)P'ﬁ@WK'(HMREW#% Y $9.561% 'ﬂas

SCH2SCN mpoun

pr epar ed fHI712§vﬁ2ﬁdstﬂéaﬁ-r1éﬁ-§Fa’t23 « 191 5318138516470 Exanpl e | . The product
Vas I ecoVen@mALE vi: Whi tppegapdtidh dml(ﬁwhﬁﬁheﬁﬁ gQ‘:lSﬁ\'&ll‘QIthlo\:ﬁFBnﬁtdﬂ rﬁ{éiraQ&JO
per cent” of theoretical. [err]H NWVR ( err err .
(s,3H), 4.93 (s, 2H), 7.35-7.46 (m 4H) [err]CNNR(?S 15

MHz, CDCl [ err]) 820. 94, 37. 46,

110. 64, 120. 25, 123. 84, 129. 48, 131. 10, 3c§2§3¢"140 23, 151. 20. EXAMPLE VI | :
Preparation of 1-(4-Methylphenyl onet hyl t hi ocyanato-1 Htetrazol e
SCH2SCN 20 CHB“@?rN =~ Thi s conpound was
prepared follow ng the pr ati ﬁ.p.rﬁoédures of Exanple I. The
product Was recovered asawhitesolid™™m a yield of 62 percentof theoretical.

[err]H NVMR (300 25 MHz, CDCl[err])[err] 2.47(s, 3H), 4.87 (s, 2H),

7.35-7.46 (m 4H); b MN% ﬁ r%% err] 21.24 37. 70,
110. 84, 120. 25, 123, l ‘?_;L é?%lgl?mn ﬁ’f Jaratw]e pfocegurés of Example?.
The product was recovered as a white solid melting at 68-70°C., in a yield of 70 percent of ' ‘
theoretical. 'H NMR (300 MHz, CDCl ) 82.45(s, 3H), 4.93 (s, 2H), 7.35-7.46 (m, 4H); *CNMR (75
15 MHz, CDCl3) 5 20.94, 37.46, 110.64, 120.25, 123.84, 129.48, 131.10, 132.43, 140.23, 151.20. -

EXAMPLE VII : Preparation of 1-(4-Methylphenyl)-5-thiomethylthiocyanato-1 H-tetrazole

scnzscn

oY
CHs \N =x/

This compound was prepared following the preparative procedures of Exampie |,
The product was recovered as a white solid in a yield of 62 percent of theoretical. 'H NMR (300
25 MHgz, cDCl ) 82.47 (s, 3H), 4.87 (s, 2H), 7.35-7.46 (m, 4H); C NMR (75 MHz, CDCl3) § 21.24,
37.70, 110.84, 120.25, 123.40, 130.26, 130.55, 141.16, 151.31.

30
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VO 96/ 1946¢0 96/19461 : PCT/US9
PCT/ US95/ 13492 EXAMPLE VI | : Preparation of S13492

1- (4- Met hoxyphenyl ) - 5-t hi onet hyl t hi ocyanato- 1 H

-tetrazol e . A Ethin ’ﬁﬁm ﬁ i
forr] 0° EXAMPLEVIN:  preparation offf Mathonghend Eipipnr TR ey

preparative procedures of -t8%aa# e | . 10 The product was recovered as a

white solid nelting at 11 2C. in a yield of 70 percent of t heoretical .
[err]H NWVR (300 MHz, CDCl[err]) [err] 3.87 (s, 3H), 5.13 (s, 2H), 7.21 (d,
J =9.1 Hz, 2H), 7.61 (d, J = 9.1 BEHL3EN; [err]C NWR (75 Mz,

2, 125.31, 126.45, 152. 36,
1
nat o-1H 15

cDd [err]yferr] 37.77,55 71, 111.87, 1L5.
160. 80. EXAMPLE | X: PrRepar,pdt R
-(tertiary-ButyIphenyII_[)-Sh ;

-tetrazol e ' 3C0 =N

This compound was prepared following the preparative procedures of Example |.

SCH2SCN

10 The product was recovered as a white solid melting at 112°C. in a yield of 70 percent of
theoretical. 'H NMR (300 MHz, cod,) 83.87 (s, 3H),5.13(s, 2H), 7.21(d, ] = 9.1 Hz, 2H), 7.61 (d,
J=9.1 Hz, 2H); *C NMR (75 MHz, CDCl3) § 37.77,55.71, 111.87, 115.12, 125.31, 126.45, 152.36,
160.80.

EXAMPLE IX : Preparation of 1-(tertiary-Butylphenyl)-5-thiomethylthiocyanato- 1 H-

15 -tetrazole '

o ?CHZSCN
| N/\_\N

This compound was prepared following the preparative procedures of Example I.
The product was recovered as a white solid melting at 80-82°C. in a yield of 68 percent of
theoretical. 'H NMR (300 MHz, CDC1,) 8 1.75 (s, 9H), 4.89 (s, 2H); "CNMR (75 MHz, CDCl3) 8
25 28.89,38.36,61.71, 111.19, 149.49,
EXAMPLE X : Preparation of 1-(Cyclohexyl)-5-thiomethylthiocyanato-1H-tetrazole

SCHSCN

30 | N/\\N :
[::I_-‘\N::;N'/.
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20 [err] Thi s conmpound was prepared foll ow ng

t he prepworédegedr ocedur es of Exanpl e | . The product ed as a
white solid nelting at 80-82[err]C. in a yield of 68 perc\é\??r@sggl\ﬁh

theoretical. [err]H NVR (300 MHz, CDCl[err]) [err] 1.75 (s, 9H), 4.89 (s,
2H); [err]C NVR (75 _MHz, CDCl[err])[err] 25 28.89, 38.36,61.71,
111. 19, 149. 49. Tisomppund was Rrgeared faljawitg the preparative procedures of Example .

é 01(4 2qé 8\' 0 hggﬂé profuct Wadribleréd f1iagel@w s8I reltihd /15BB0. 5n a yield of 80 percent of

ST thsotsicaly AHNMR (300 MHz, €DCL) § 1.2-1.6 (m, 310! £5.212 (m, 74, 4,23, 1H), 493 65, 20;
PCT/ US95/ 13¢ MR (75 MHz, CDCfI;)S24.33,|24.62.'|'31i.B, m?]memal c}\mss,pmsar ed fol le\M ng the
preparativ ures EXx . T oduct S recoyer as’ a

et T ow Soi PYRUBER. °3, PepimafiPRot e niwopnef sBhmshitiritcrfigifeatl
theoretical. [err]H NWR (300 MHz, CDCl[err])[err] 1.2-1.6 (m 3H), 1.7-2.2
(m 7H), 4.2 (m 1H), 4.93 (s, 2H); %er'r]C NVR (75 MHz, CDCl[err])

[err] 24.33,24.62, 31.73,37.62, 58, 49CH238N56 149 56. 5 EXAWPLE X :
‘Preparation of 1-(4-Nitrophenyl)-5-tR{onethylthiocyanato- 1 Htetrazole
SCH2SCN _ NT SS™Nlerr] '

o NO,-

- N
Toa suspensidn of 0.8 g (0.01 mole) of sodium azide in S0 mL of methanol, at

room temperature, was added 1.8 g (0.01 mole) of 4-nitrophenyl! isothiocyanate and the '
mixture was allowed to stir for 2 hours. The solvent was evaporated off and the residue was

15 dissolved in water and acidified. The precipitate which formed was filtered off, dried over
sodium sulfate and dissolved in methanol containing 1 equivalent of sodium methoxide and
stirred for 30 minutes. The solvent was evaporated off and the residue was dissolved in 20 mL
of dimethylformamide and 1.62 g (0.015 mole) of chioromethylthiocyanate was added and the
mixture was allowed to stir overnight (about 16 hours). Th_'e reactian mixture was diluted with

20 methylene chloride, washed with water and concentrated to dryness under reduced pressure.
The residue was chromatographed over silica gel with 3:1 hexane/ethyl acetate as eluent to
yield the 1-(4-Nitrophenyl)-5-thiomethyithiocyanato-1H-tetrazole as a yellow oil in an amount
of 1.32 g (45 percent of theoretical). 'H NMR (300 MHz, CDCIz) & 4.95'(5, 2H), 7.88(d, ) =8.7 Hz,
2H), 8.50 (d, J =9 Hz, 2H); “C NMR (75 MHz, CDCl3) § 37.91, 110.43, 124.11, 125.65, 137.61, .

25 148.35,151.60. ' _' '
EXAMPLE Xii : Preparation of 1-(4-Cyanophenyl)-S-thiomethyithiocyanato-1H-tetrazole

SCHaSCN
, N/\\N
? Nc N=n’

A solution of 3.0 g (0.019 mole) of 4-cyanophenyl isothiocyanate and 1.46 g
(0.023 mole) of sodium azide in 100 mL of ethanol was heated to 70°C. and the mixture was
- 35 " aliowed to stir for an hour. The reaction mixture was cooled, filtered and the solvent was

+
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To a suspension of 0.8 g (0.01 nole) of sodiumazide in 50 nL of nethanol,

at r oo gfipgdaat ure, was added 1.8 g (0.01 nole) of 4-ni E%!H?
i’ﬁgurs

i 5ot hi ocyanate and the m xture was allowed to stir for

sol vent was evaporated off and the residue was 15 dissolved in water and
acidified.. The precipitate whi.ch forned was filtered off, dried over

sodi um sul f ag\aPasaRdRTS Shevesiduevasguried in medwunaicanrtining Lhequivalems ofsedivadi um

met hoxi de anﬁl.ethox.dstahd we;lsza‘n@a f&@o%:ﬂ&&?sl‘heIﬂeerﬁWaYE\mpom & anptha r@liueivas
and the residue: di sso! ye

di rret h 62
(0 018 ot o) dspheR i smaetamey Hepmigesniad sz ma) of froromet i Piioraiattss
al  onwed to sivasadiedaid thelmiktubOwas allowB@ty sti} ovelhight (8B6Xti16 houfs)X THé featicn

di | d wth 2 hyl -chl o
rynecs uhdertulasHh GRTaidpthiiee ARrof susthtdwiiflosler BT SARERIAR S
silica gel whmderBedl:cédaarassedeeﬂ'hg/desndaewuabrmategmphnd dver silica gl witti3:tthe

1-(4-Nit roPhﬁ&% Yot th& QYJetnP{ 10(4 'Ehép‘F:E 4 rﬁorﬂ Gradki H Qi in
an anount i g per ce heo etica 8-
cd[err]) [éeﬁrazohelgsn es!oulmﬂ 67 98332 qqucenyoéthsom«m) asayel hw!ateaish which =9

?:Za’? é'f) 2[56221]8;;%&2@6111 -4 9ot N@Q@Ob‘%)irﬁzl H)@r)ra]a 9%&:, o), 7%&@1 438 51%424)17 96.@>- 65,

of
&Aoot 3 His i S MMAGTS Wi PR .81 10651, S 1703, 4390, 134.09, 136,17,
SCH2SCN ~ 30151.51. [err] A sol ution of

3.0 g (0.019 nole) of I sot.hi ocya and. 1.4 . 0..023
mol e) of sodium azi de" ﬂeﬁ°%66“'ﬁ{j °g¥“séf"ffgﬂ8" aﬁﬁ/é’éer}aeaétagﬁm’tcff’b?%fg?'?ﬁ& éngr'fge’[ he
m xture was &imn bwladddedtdihdussrial prodocts argh hmaints Thia, sdbasitds,cnapsi cuttimgoilsaextiles,
cooled, filt Vi . . . .
PCT/ US95/ 134 ed ot § bﬁ"'ggé"é’?g}'e'v%‘adl‘ﬁ"e 2 3‘8%"11\%38;"" SPGB R hanol
cont ai ni ngs 1needed anwaiceqbaé prifpertingi Ihﬁtompomshm(almsem@i aptimicsebialadditivesin 30

m nut es. Thesu%ﬁb!ﬁ&‘ial e pF‘d&%&%ﬁ{a‘r‘ﬂ c@‘a%sﬁé‘@oﬁsﬁﬁaﬁaﬁé&s‘i&léhmoaps Aduaped ved
in 10 nL of dinethylformamd

chl or omet hy| 2¥MeptAGRinthe use of t%@"&ﬂﬂ?@ﬂ‘ 03 s V‘Hﬁ"‘lﬂ“)l’t‘i??'é ‘%Sffﬁﬂ"SWéﬂhf o stir
over ni ght ( abgplicatidhs MPitheed T 1Rave 8RSAtiMIErobial EBntinUsBIyFaplestsHed] sdh ¥ ih booling

nmet hyl ene chl Ore'r?aerid le\a'?pandpape;r;a]nllwat er and concent rat ed to dryness
20 As appreciated by those skilled in the art, each of the compounds disclosed herein

are not necessarily active at the same concentrations or against the same microbial species.
There may be some compound-to-compound variation in antimicrobial potency and spectrum
of antimicrobial activity. '
The antimicrobial compounds of the present invention may be added to
25 formulations susceptible to microbial growth. They may be added either undiluted or
dissolved in inert diluents such as organic solvents such as glycols, alcohols or acetone. They
may also be added alone or in combination with other preservatives. _
As used herein, the term "microorganism” is meant to refer to bacteria, f_'ung'i,
viruses, algae, subviral agents and protozoa. .
30 : As used herein, the term "antimicrobially-effective amount” refers to that
amount of one or a mixture of the compounds, or of a composition comprising such compound
or compounds, of this invention needed to exhibit inhibition of selected microorganisms.
Typically, this amount varies from providing 1 part per million {ppm) to 5,000 ppm by weight
of the compound to a microbial habitat being contacted with the compound. Such amounts

35



under reduced pressure. The residue was chronatographed over silica gel
with 3: lwossndggane/ ethyl acetate as eluent to yield the persesn3s:.

1- (4- Cyanophenyl ) - 5-t hi onet hyl t hi ocyanat o- 1H -tetrazole in an anount
of 1.67 g (32 percent of theoretical) as a yellow sh white solid which

|ted at
r7YE‘82€( da J&i&alm%ﬂﬁmé Bpdrl thle Nﬁcﬁ@%rﬁﬁd&nd fdsXed[snd Huéro&&a:?ér’ll ﬁ/r‘gateggi) .

CDd [err] )A%“'ﬁ‘?"%'! th&i’?‘%@"‘&%‘?"&ﬂ °}%ff°6‘§°“’l"2§° %a‘wfélfl ‘8‘9 “]ei%e"i?

151. 51. industrial and consumer ﬁhﬂuleﬁmu}dﬂryﬂrfntﬂlha pradovtapde depending ugerithe as
anti m crobj al tr r cts
such as pa?ompo%ggﬁél‘ t\ﬁg§%rﬁ'\a§%{?e S r%fg g& gﬁf#ntv? %rqgt?rgc otf 91e cgglﬁam& @#ro}% 1 ;19%

pi gnents sl miﬂmﬂamrgmyfmyﬁqmdchm SOGPMsvﬂmmffawlcrpHpblnabct@atl ngs to
provi de 15 needed S ed as
antim crobi al addi ?’%Es [ rﬁ‘%ﬁ&l’ r%ﬁ%sblaﬁéors-@%hﬁ g{}gf%a%gs@ 'ﬁalt&g")t? eans,

| otions, sMAMABYLvesatamwRdTYRIsAHS SUCAaf"@Pﬁ#é'\"" be an aremﬁa@e"qena mRistyise of t he
cormounds ah@hwwm&n& QRd/oPart ¥§gén SRRles6dH 8.Tbi SBRPRS a Elling water tower or
applicatio need to have an antim crobial .conti nuousl y repl eni shed,
such as |na’b?56‘f"ﬁi‘d"gsy’te’f‘0\/\ers and pul p and paper mills. 20

As apprggi ated by timesermsKinhibisior™n :hhnbutabt "unlﬂmcshgbfeférhetmnmufsm dasic| osed
e o i aRE b BEF ARk MRS NGl Ao RE S A ERRESIRLT BN B0, Gl e al o'
the same i CrOBMar SPECTEs ePe r?a BECSBIe COMPOand-To- conpodn
variation ionuetrmucmocgmbnal sopstadestrononirreyeesibly inactivate afstnagmumqrgvbsrm
activity. ’ unds of the present

i nvention anrgilortg;reveatoréontrol t%é'u?@}%}gé%g@% scep t| )le to microbial growh,
They may be added éhsﬁevmurﬂhla'eﬁddtvafthecompwbmﬁtsﬁrﬁemme\fﬁm’amsuents suc
as or gagg Cdéﬁ&déﬁ&ie%b?&fe‘%ﬂ&niﬂb!&ﬂh ue@l cohol s or acetone. They may al so
be added al one or 'in conbination with other preservatives.

As used herein, the term"mcroorganisn is nmeant to refer to bacteria,
fungi, viruses, algae, subviral agents and protozoa. 30

As used herein, the term"antimcrobially-effective anount” refers to that
anmount of one or a mxture of the conpounds, or of a conposition conprising

such conpound or conpounds, of this invention needed to exhibit
inhibit%@n of sel ected m croorgani sns. Typically, this anount varies
fromproviding 1 part per mllion (ppnm) to 5 000 ppm by wei ght of the
conpound to a mcrobial habitat being contacted with the conpound Such
amounts 35 -9-
WD 96/ 19461

PCT/ US95/ 13492
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' S
typically vary depending upon the particul ar conpound tested and

i Cr oor ganigy Addi tionally, the exact concentra
od weiftinior

conmpounds t e a ded in the treatnment of i ndustri al and
formul ations may vary within a product type dependi ng upon the

conmponents of the fornul ation. A!p _ggg!effective amount of the conmpound
is from1l ppm5 to 500 ppm nor y from1l ppmto 50 ppm by

Lo 8 piace or 'site enmfidation of Componnds Heduel M rmal by 1ives. or
grows. Typically, such gﬂﬁmlﬁfqmri t&WﬁYieg#?at provi des a noi sture

source, nuarl ent sotfce, and/ or_an Oxygen SOUI’CG SUCT’I as, 1Tor-e arrpl e, a
In

cool i ng g'ﬂ’&l@d or an al r The
terns "i ¥$!H e linhibit" dﬁ%ﬁhﬁéﬁréﬁ to t he supplessiom
stasis, ki™®: or] any ot her |nterference wth the nornal i fg processes

of m croor f =TT 0 STE,— SU asto
destroy or {i rreﬂer si ll%-} t%ﬁﬂgaﬁ&%&?é}”;g}‘ Yﬁﬁ?gﬁ dnd/ or
prevent or jcontrol t et $ 544 %AGFOWEh and reoroductlon

The anti m ¢r obiggl act1am3gcuioﬁ$§h§@yppugd§hpbmébnypaesent I nverftion is 15
dennnstra% d bythe fpihiyéydnd eehriHatetrazole 20 25 30

35
III 1-(4~Chlorophenyl)-5-thiomethyl-
thiocyanato-1H~-tetrazole

IV 1=-(4=-Bromophenyl)~5~thiomethylthiocyanato-
-1H=-tetrazole
v 1-(4-Fluorophenyl)=-5-thiomethyl-
1 thioecyanato-1H-tetrazole
VI 1-(3-Methylphenyl)- S-thlomethyl-

thiocyanato-1H=-tetrazole

VII 1-(4=Methylphenyl)-5~thiomethyl=~
thiocyanato-1H-tetrazole

VIII |1-(4-MethoxXyphenyl)-5-thiomethyl~
2 thiocyanato~-1H-tetrazole

IX 1-(tertiary-Butylphenyl)-5-thiomethyl-
thiocyanato-1H~tetrazole

X 1-(Cyclohexyl)~5-thiomethylthiocyanato-1H~-
~tetrazole
2 XI 1-(4<-Nitrophenyl)-5-thiomethylthiocyanato-
-1H~-tetrazole

XII 1= (H-Cyanophenyl)-5-thlomethylthlocyanato-
=1H-tetrazole

The minimum inhibitory concentration (MIC) for the compounds listed in Table | is
30 determined for 9 bacteria, using nutrient agar, and 7 yeast and fungi, using malt yeast agar. A
one percent solution of the test compound is prepared in a mixture of acetone and water.
_ Nutrient agar is prehared at pH 6.8, representing a neuiral medium, and at pH
8.2, representing an alkaline medium. The nutrient agars are prepared by adding 23 g of
nutrient agar to one liter of deionized water. In addition, the alkaline medium is prepared by
35 -adjusting a 0.04 M solution of N-[tris-{(hydroxymethyl)methyi]glycine buffered deionized water
with concentrated sodium hydroxide to a pH of 8.5.

-11-
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PCT/ USQS&W%? TABLE | cat I on

of Conpounds eld in Antim crobial Activi ty"ft@ggd npound &
5 Exanpl e Chemical Identity No. '
1- Phenyl - 5-t hi onet anato-1 | e

1- (3- Cnl or ophenyl ) - ﬁ%‘%“’ﬁ Ipreparedbyaddmg3gyfﬁsts>g§)a§£&r{dz% ?'&f?aéfﬁrl e

1] 1- (Idte(hidgmptadnydt;n The tpearﬁlgaygrllsdlspensedm 30 mL aliquotsinto 25 x 200 mm test

t hi ocyanat A 0

1-(4- Brorm%eny%‘faega ﬁggtﬁgtahedlfbmso%mgﬁeéagvs <. -lHtetrazole

\Vj 1- (4-Fl uorOphWes}:ngpegmmmwlpeagararecooled in a water bath until the

thi ocyapat &nﬂdﬂrﬁtﬁ?e"a’ﬁﬂ abar is 48°CV'I'hen. an Qp;(rgp&ﬁé br)‘lbm%@iﬂe)oni pER'bHLrEEFul%J'- of
t hi ocyanat%I 1Htetrazol pheny hi onet h

Vi |
t hi ocyanat efsﬁmpqla?dﬁ 3dded (exsﬁntr"the cant(tzls w}é%/rﬁagwﬁ)‘s a&'dsw.tem hyl - 2
t hi ocyanat &sﬁdduwfesmaéseo that the fPﬁal concdnttdtioh 4re'590, 250, Y10 I150/25| 90, 5,2 9)ii o hy| -
t hi ocyanatg-11H-tetr

1- (Cycl oheSYP PR F‘a'i'}S? R{e ﬁ?‘&&%}‘é’?{’é‘m inthe agar, thus having a knowgyspacepiation of
1-(4-Ni t r oplsem;ﬂppuﬁd dispepsediitheriinh Thegamtertoof the test tubes are then frshsferredipol e

?<|:|_:_|_ t et i’%z S%Wﬂ{ﬁ ?}VJ’@S i&b&&%&@é’i&ﬂ&&%@ r}g{rpplates containing nutrient agar are

moculated with bacteria and those containing malt yeast agar are inoculated with yeast and .
fungi. . | | |
The inoculation with bacteria is accomplish'e'd by using the following procedure.
Twenty-four hour-cultures of each of the bacteria are-prepare_d by incubating the respective - ‘
15 bacteriain tubes containing nutrient broth for 24 hours at 30°C. in a shaker. Dilutions of each
of the 24 hour-cultures are made so that nine separate suspensions (one for each of the nine
test bacteria) are made, each containing 10° colony formmg umts (CFU) per mL of suspension of
a particular bacteria. Ahquots of 0.3 mL of each of the bacterial suspensa ons are used to fill the
individual wells of Steer's Replicator. For each mn_croblal'suspensnon, 0.3 mL was used to fill
20 threewells(thatis, three wells of 0.3 mL each) so that for the nine &ifferent bacteria, 27 wells
are filled. The Steer's Replicator is then used to moculate both the neutral and alkaline pH
nutrient agar petri pl ates. _ ' _
The moculated petri plates are mcubated at 30°C for 48 hours and then read to
determine if the test compound which is incorporated into the agar prevented growth of the
25 respective bacteria. | ' - B '
The inoculation with the yeast and fungi is accom‘pli'shed as follows. Cultures of
yeast and fu ngi are incubated for seven days on malit yeast agar at 30°C. These cultures are
used to prepare suspensions by the following procedure. A suspension of each organism is
prepared by adding 10 mL of sterile saline and 10 microliters of octylphenoxy polyethoxy
30 ethanol to the agar slaht of yeast or fungi. The sterile sa'lineloctylphenoxy polyethoxy ethanol
solution is then agxtated wuth asterile swab to suspend the microorganism grown on the slant.
Each resulting suspension is diluted mto stenle saline (1 part suspensuon to 9 parts sterile
saline). Ahquots of these dilutions are placed inindividual wells of Steer's Replicator and petri

35
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The m ni mum i nhi bitory concentration (M C) for the compounds listed in

Table | is
and fungi,

Wk

9 bacteri
A

m ned for
|t yeast agar.

a, usi ng - nut

one percent sol ution M

conpound is prepared in a m'xture of acet one and vvat er.

Nut r i ent agar
pH

by addr ng 23g865ursforrwislthﬂd172Wfoiﬁmgne liter of deionized water.

sbeBeiRoReT st papeReh e Pk

addi tion, the

of N-[tr i s- (hydr oxyrr1=,=$‘ﬁl§)13§i

s Boriaie shormitn

al kal.in

representin

lV%&‘"RE‘!hU\?\Pe?h@a afrre."&rrbatagar@

rient agar, and.?gfég’gst
bR T i
I n
sJebihasiah

concent r at ed atongiwith theid respediive Ameacaﬂ-'fypé Cdtdre Collection (ADCOGddrafigdtion numbers.
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yeast extract

ABLE

and 45 g malt agar per

T

t agar is prepared by addi ng 3g
of deionized water.

The

specific agar is di spen©rganisats Usedlinthet Minimun®5 x 200 nm test

t ubes,
t est tubes

t enperaturejof the agar is OBganiBs@ Then,

percent sol fbd

capped and aut ocl dnhibiteryiGontcentration

AN _nf

Lho tost

fa¥alanaVal
)

an appr

und j o

addod

TestC

prAB¢e Nowou

q

The
the 5
t of the one
he control s

where no cg ound i s added) Bact‘ekréa respective tjest tubes sq that the
final cond w 0, zero
parts per i 15e %l’c%n{j%fr a known
concentrati nts of the
test tubes After drying
for 24 hour$, HRehfRighia Akl i ni ng nutrient lagar! 829 i nocul at ed
\;,/Melagt bg(r:];er a m@ggwﬁé;%@ﬁﬂggagattq_xeast agar fare igmegll at tegr;/\nét ihS

. RSV o0 CLH—a -0 A —-R—ba
acconpl i shéLbfﬂMM tel gart 1 9wl Pig) pr ocedur e. Twent y88 bur
hour - cul t ur e prepar ed [py 1] at 1 g t he
respective g %or %%P@J &%% %21 nutrient brnﬂké‘:uP 34 hours at
30[err]C. ik aPﬁ‘eﬁﬁﬂmoﬁé Laemg:.méssa(:hnn-‘loa)f thd 24 Tﬁimacultures are
made so t hagt=—mrnm atesSusSpensSTons or—eaqirof g llrl e t est
bacteria) a l'@c]ha ’Fﬂ’%“‘lﬁ[ggnf col ony forr’rﬁr 8ini 4s (CFU) per
n1f_ ;)r;] 'sgs&e) sr %dﬁhyloc@e&?&ta&#@@é psgyeria. Al quots %39. 3||rrL orleacp
0 e ba wells o
Steer's Repllicator. For eXeastfFwmghl suspension, 0.3 mwas uged to fill
20 three welfTsS A E-I}SI o1 0.3 nL eacrl) SO ,@E fqrthe nine
di fferent b*m‘ rnrgr:ﬂgi't u% rﬁffewe}aéﬁn)frllpd The St '16 idator is then
used to i nogul Qandicda a:timmrsraﬂ:ahnd al kal i ne pH 231 entf agar petri
pl at es. T ToCcurat Htlpgftrl pratjes—dar %lcu ated at =
30[err]C fo '48°%ﬁ’slwt%% QBE 1Y determide if ﬂ“l 4t conpound
‘Q’h' tCh i s izggor 1B itk dni e § h@eﬁéﬁis%éVGSé?d gr OWth Of “@525 ]respecti ve
acteria. | 6 , fry ungi is
acconpl i shed astiighodermayyinide cubated for
seven days { --g Iy used to
prepare sus Tav-Yalt Hspers-er—ef each
organi smis Fqﬁaarpmmmibx/smlclumg(ﬂio m_ of sterild sal#b12nd |10

mcroliters 0

yeast or fyngi.
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solution is then agitated with a sterile swab to suspend the m croorgani sm
gr own onwwﬁu?mm. Each resulting suspension is dil utgﬁgr erile
saline (1 part suspension to 9 parts sterile sal i ne) ’H t hese «
dilutions are placed in-individual wells of St eer's Replicator and petri

35 WO

96/ 19461 in Tables Iit and 1V, the MIC values of the compoundsdescf_l,taﬁ Uié@f h§492

pl at es i ncomipateddo the MiCaf a standard dersmerciat presérative éwith 143-ctiervaliyl)es. s, Menidzai ed
at 30C and, g ?@rﬁaﬁf Fn‘éﬁtane clﬁgnép#rtﬁe 5&ive ¥ nm(#erég% 18 %ﬁle&ﬁ%n@ll'vn

tes?g descri bed

Table Il - lists t acteria, yeast and ngi use
above AISTANDARR 1) anesetforth @éh@ baﬁéermrﬂssarwn amg peastfungiarganizams whieh ase
(ATCO) gdqg{euf,ﬁwép_n nunbers. 5 : TABLE 1| |
Organi sns Used in the M ninmum I nhi bitory Concentration
Test Organi sm ' “ATCC No.
Bacteria 10 Bacillus subtilis (Bs) S 8473 _
Ent er obact er aerogenes (Ea) 13048 - Escherichia coli
(Ec) 11229 Kl ebsi el | a pneunoni ae (Kp).
8308 15 Proteus vulgaris (Pv) _ :
Pseudonpnas aer ugi nosa (Pa) .. 10145 Pseudononas
aer ugi ndsa (PRD- 10) ' 15442 Sal m)nel | a chol eraesuis (Sc)
10708 St aphyl ococcus aureus (Sa) o 6538 20
Yeast / Fungi Aspergillus ni ger (An) L : - 16404
Candi da al bi cans (Ca) : 10231 Penicillium .
chrysogenum ( Pc) : 9480 o " _ . ‘

1'5
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25 Saccharonyces cerevisiae (Sc) 4105 Tri choder ma

viride (T 8678 -+ Aur eobasi di um
16622 ( Vevpaggﬁsdm oxyspor um ( Fo) 481 é},h%ﬁ&g{f‘p) 35
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[err] WD 96/ 19461 L .
[err] VO 96/ 19461

PCT/ US95/ 1 9461 PCT,
PCT/ US95/ 1 TABLE |V R0t
I nhi bitory Concentrations for Test Compounds in Yeast/Fungi Species
(in ppm | S - ORGANI SVS '
TABLE IV __
Minimum Inhibitory Concentrations for Test
Compounds in Yeast/Fungi Species (in ppm)
ORGANISMS
COMPOUND
An Ca Pe Sc Tv Ap Fo
STANDARD >500 | >500 { >500 | 500 | >500{ >500( >500
I 5 25 2.5 5 25 2.5 10
II <10 | <10 | <10 | <10 25 <10 | <10
III <1 | 5 <1 2.5 5 2.5 2.5
IV <10 25 <10 | <10 25 <10 | <10
v 5 25- | 2.5 5 25 2.5 5
VI 5 5 <1 | <1 25 | <1 <1
- VII 2.5 10 <1 <1 10 <1 5
VIII <10 25 | <10 | <10 25 <10 | <10
IX 5 100 { 2.5 | 10 | 100 | 2.5 | 25
X : 5 50 <1 5 50 <1 5
X1 _ 5 100 | <2.5 10 25 10 25
X11I <10 | 200 <10 40 40 <10 20
The present invention is also directed to a method for inhibiting marine
25 organisms. The term “marine organisms” is meant to include marine animals, such as
barnacles, serpulid, bryozoa, oysters and hydroids, and marine plants, such as green algae and
brown algae. The method for inhibiting marine organisms cdmpri_ses contacting a surface
exposed to a marine environment in which marine organisms g}ow with a marine antifouling
effective amount of the compound of this invention.
30 As appreciated by those skilled in the art, not all of the compounds.disclosed
" herein are active at the same concentrations or against the same marine organism species. That
is, there may be some compound-to-compound variation in marine antifouling' potency and
spectrum of marine antifouling activity. Furthermore, a com bound‘s marine antifouling
" activity inay be dependent on the specific materials with which the compound is formulated to
35 form a marine antifouling composition.
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COVPOUND An Ca PC Sc
Fo STANDOED461 >500 >500 >500 500 >500 >500Pﬁ§9§5n3492

5 25 2.5 5 25 2.5 10 <10
<10 <10 <10 25 <10 <10 1] <1 5 <1l
g -55 <10 S | < 10 2.;3 usv D?eré n, the ternjnvmérige antifoul'gg?ﬂct}yeﬁount" rgﬂegs to tha<tlg 5

2.5 mpmount of pne or a mixture of twoRr more of the compounds of this invantion needeg to <1

\</ I1I I Vi éxhibit!ritgbition écgse'f’ectegl%arm gi%ani,sﬂs.z Eypica_llsé,}%is:_ amgt:lrz)tjvgries f_roim )fr?:viding‘ 10 |

5 1 00veightpercent to 30weight percgpt of thecampoungtp a mari ng@ntifoulin'g compositions

50 §1 which is usédl to treat Hédrface expdsed to a mahine envuro?ﬂnent in whnch marine o@amsms 100
a0~ vegpgrow. 33eh amougfivary depending upon he Pa"F'ﬁ%"’b‘r"&b"@Hi‘ HestPAARY A0S ol 5o

di rect ed targanisretdiskréated.iAldu, metexalgcmntnmonzﬁthr@mmemtoEéwddedrlnmhenar| ne
or gani snms” cl es,

e pul 1, Teger Rl Wi oRR Sol S ma B 2 ros RERBECL %,
al gae and depending ummpg@mponm&qmeﬁemmwon nhi bi ting marine organi sns
conpri sgs contact i NocgmpositibAeSmprising. ﬁ%&ﬂﬁ%ﬂtﬁd&hﬁg Fﬁé&s%atﬁgydtro?mgem in

whi ch nmarine organisns grow wth a marine antif ecti ve anpunt
of the corf3BAM ‘i‘)Y""‘(ﬂ%W\W&ﬁﬂﬂ'B?f"d"“e"‘tw"‘“hmaybe'f""%émai?p‘l"éb?f&f@efﬁy t hose

skilled i rpairi‘tEP&itlEulaﬂ'Pﬁreﬁlrﬂedeet'hbﬁ palRiiNgS \ﬁiiylifekuﬁfbﬁﬂersaaw as, for eXMighé,} are
ne organi sm

t t t
peci os. e Bolpdn Elide ordpotyainy B8 nplyniRy S iR ARIOUY B on
narine anthifden araforpodatedys lateges or emulsipas tim aipaint compoiitien, aind doirqolindigf the '

acti Vity dride ﬁwmfoﬂ,.%&eﬁmmmwﬁ nsanrsﬂ{%ng%am b 3y ue&g.pgmdngﬁé mdsd Y Y be

depende on t i'comarer: al riul at ed
to form a Rigferably, émm 1030125 pighs pprsent; iroadditam to vinyl resigbindér paings] epoxy and

PCT/ US95/ In3f\Rfethane binder paints containing e cUrﬁF rﬂ%fy‘ ﬁg %Eﬁef&le]?moth Hg?gﬂ;dqgmr% <L UF e

antifouli npﬁfﬁaéetgﬁ%l veI amount * rtef ecgs ton cesan f_one ¢
of two or PREIntFIpWYIsing thercomppy Mﬁam eIt ifuentian tyRrically remaim; p; ¢
i nhi biti Onum%arﬁlﬂlleﬁbe&oﬁﬂfuﬂd&p(b!f gﬁﬂhsmam?mpﬁoaaérloﬂs rdnBing fRADBES 12 Mbhets, from
v i ne. A idepgung GhcH e BEHCE T s Sipedihg BERE fioPrrnp G ERRAREN o e
to a mari reefimvi ronnment in which marine organisns liive or grow. Such
amounts vary depenghagerhPRurits ekiskd o Mridfe YRRIPoHNErk €ratrérEtoM8r IR iHLEe
a marine organism naturally or normally lives or grows. Typically. such a surface will be an area
thatisin continual or pe'riddic contact with a marine envi ronment such as an bceari or other
25 body of water. Typical surfacesinclude, for example, a ship hull. _ .
The marine antlfoulmg activity of the compounds of the present invention is
demonstrated by the following techniques.
Test panels are prepared from clear, rigid polyvinyl chloride film that is
0.381 x 10 m thick and has one textured surface. The test panelsare0.1524 mby 0.1524 m
30 squares that have 0.00635 m holes punched at corners on 0.127 m centers. A 0.102 square
template, with a 0.067 m diameter hole at the center, is attached to the center of the textured
surface of the test panels.
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organismto be treated. Al so, the exact concentration of the conpounds to

be added |rwbt§g,l 1 preparation of industrial and consuner f LS May
vary within a product type dependi ng upon the corrponentsOl(;)‘?i'}tlﬁié"hg‘ib3

formul ati on. 10 A conposition conprising a marine antlfouling
effective anount of tt)\e e.an . ert di

CO ound also c i t
whi ch may be, for exaipPRdidptPaD efagﬁ'%” Lapt 'é°'“'°°“"§gf é}?ﬁs prreg] ﬁfé?sl'vus'ap“
preferred ar ehindy¢®0 9)a|A1zqgtl¢mqrﬁthgcmmun94bl ndesmixtire (UBg) isaddied ssthe kenter of the

|
gﬁ?gﬁl ge gol y \c/eftrp#aﬁéltahﬁ bﬁ#& JY a'dlg;%rtﬁ?hﬁﬁhia‘i’%eﬁﬁnsﬁ!e&ﬂ%ﬁé\ﬂgms are formil at ed
as | atexes or errul Si o%atel ina qdaﬁrmvvmﬂsose adde prapiedy sseasshecomoung/bingdsr

present i ngle%Ixﬁﬂe' ﬁwe&éﬁbﬁi@&b%mﬁﬁdcdwd&m% xftur@'??o?n sb&aﬁ@ag%k%tthe
percent and, nost ta ght percent.” I'h addition

to vinyl resi WCBY%%?’e?JaT’HttS“ Pé"ﬁﬁB 5??"%%# t° sit f'i?ﬂ'? %‘F’E?Wéﬂ é° pirkefminutes pptilthe
cont ai ni ng t l‘ageemuﬂdammﬁd@a/bhﬁemﬂ&wehamwdl MEGtedipihté isteh removedl TR €d

f t t t t |

e e sy e B yder i 12 ARt R BRI sme 1 or per i ods
ranging from3 to 12 Tuoites pakds ate prepdied jongacmcankidlataonargetant fautamt odmpdund.
%ﬁgp?gpﬁ] a&d ‘Ihog:f gtggﬂogé&?%ﬁg?%re aFlS ng?:me'd g r?\(r;i&?;e'aﬂg%\fv;th t??éf’ reIan{?latex bmderr One
wher e a riestinepelof g@chucsmdldm masine surtactanbeamndund jsiattachedroveraomkite background
Typically, sughngopsiié 8 ekbbdurdEppbh aratus. ThTe Bétond fest &n@ﬁi‘ﬁt&d@H@d ovefa glack

perl odic contact with a nari ne environnent such as an ocean or other
body of wat erackgrgpraio theunderside qfibe expasure HIPPES ARPATALUS.ATherRKpOSHTR sypROrt

The marine arappﬁml.snma@embmwaquo dzlsenﬁmﬁpmdﬁn@a‘urfh&emm evHitelbad@pdunan
S denonstra é p.b t oW ng tec es. , . Te%
onel's ar o RAPEicPY ghr The Sposye PacrE SPRAAHS R emoses odhe PRTng e for
0. 381 x 10[ erbdth Aandb eleeladringwhizh einteaké coned! testdanele becbime subssantqaﬂymiveredr e
0.1524 m by -
corners on O%E%%J%ﬂggﬁé‘%iﬁgm%@t hgﬁégéh%gggéée%@?*&? &tt%sgﬁge 067 m
di aneter hole at the dﬁ:ﬁrbemgrqnwdéromeamqsmsmmmgfatqsmcmmweus

surface of thasdeeRl aR@RREFfor marmg’ér'gamsm rac?ﬂh%ﬁ/blaml treated and untreated areas of
PCT/ US95/ 13492 te marine antifoul ant conpound

(1.0 g) is205tihetestpanel- Fhe masiop qeaasismapresent on the treated ang uptrgyted areasare PEtedof

t he conpound/tHepigendd of blgaé spotesand baasruae\dﬁdarhaoiehmucmn .edludéﬁ id fagl ng eachtt®@st
panel and unlforpgéﬁntéread over the circul ar, .area inside the

Dater o adactrnel dhaibbisesaisiams o s fem g Vepramarembsia toprai o, s
m xt ure. The drganismgowihEtodiiteprdstraingapmplenely toveckdiwith mérineerganism grpwiadi ng

beyond t he uncoverged. .a 9%“ E{Zﬁré ?ﬁﬁo@ﬂﬁ%t J‘givaﬂHs ﬁ?ﬁﬂné &k tﬁ& I:or“o?ﬂhs listed

between ten to thirty mnu es u
conmpound/ bisdierTahliexangrset fortk, ad wiel @s thenatings fysicenteol PQ"Q‘M*\WGM@G antjfiquling

compound and referred to in Table V as “Control ).
in addition, test panels were prepared using tributyl tin oxide, a known marine
antifouling compound. One set of such panels used the tributyi tin oxide ina commercially
available ship-hull paint (referred to in Table V as “STANDARD i1") which was employed in the
30 Same manner as the resinous latex binder used on the other test panels. A second set of such '
panels used the tributyl tin oxide at a 10 percent concentration in the resinous latex binder
(referred to in Table V as “STANDARD II1). - |
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test panel is then allowed to dry for 8 to 12 hours at roomtenperature.

Two t estywigfggAbggidr € prepared for each candi date marine anti,{_.ﬂp ;ﬂ?.
conpound. 10 Two control test panels are also prepared byonfytreating wth

the resinous | atex binder. One test panel of each candi date marine
surfactant compound is attach m% Eeyhi te background to the topside
of an exposure support apparat us. e second test panel is attached over a

black ° backoviarbnle Anfifsuling Ratifg E&Téﬂ@dﬂpﬂﬁﬁd§upport appar at us.
The X @erkHmomEeipPpa ~e¢54m under a

qurface with tHe whi tm@ap@rmmd@u@snﬁﬁﬁggl ng upjy The exposure

support appar atus is oosed Lo the parine environnent for both 3 and 6
weeks dyri vvhlchtl est ganel substaptial ly
covered E rgtu e ma | 8‘% ngﬁl sm grjowt ’S%?Y?%"ginﬁr totsi de and
under si e & 8 ATTqT DEr g rgnoved 1Tomthe exposure

support japparatus, eadh .t-d'ap pa elBoktom i nsfopt ed |arBbttamd|for marine
organis trBancd ea8§0E120 t he test

panel . = ST - eaf ed areas are
not ed. e of 9a| gad. - 3 e noted but
not i ncfuoed q cacls Leot anciy.. 1Ng test : e rated on a
scal e fr rpnugc enti ~caupletely fdce of nari ne ntgam sm gr owt h)
to O (rqpr eseﬂiu:lIng corbl et QI y ccver'e@ Wi th mar lne or‘ganl dm grpwt h) ..

I n Tabl ¢ T T g et ot -Tllg_ \z-ime) ST ' he conpounds
listed 2§in le |_dre sét forth, welll as®the ffatindés fof control
panel s qwith ng naring antigf oul ijng -qp 'corp'ound'and' refegred o in Table
as " Con s . . e e St pr epar ed
usi ng t*i but% nrel oxilde, & knoyn mati ne "aBtifoll | ngocorrppund One set
of suchf{p X3 € LTA@ULYI] L1 Ny QX TT 2n COMIET Cl y avai |l abl e
Sh| p_ hu| §@ﬁ ﬁ “p . W 16) . " A : n |L"I whi ‘h was

enpl oyeq STANDARDBOL ERrfe naf®ner gds t ht0resijnous 1l ate} bi nder uged on the

ot her tesSt paners. A Second ser or sucn panel s used tnetri butyl tin
oxi de ata 10 percent concentration in the resinous |atex binder
(referred to in Table V as "STANDARD II11"). 35
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J
Marine Antifouling Ratings Conpound 6 Week Test 15

Week Test wddesaér No. Top Bot t oM peT/ysdHiBen
"Bbttom Panel Panel Panel Panel I

9 9 - 3 N 9\10
9

9 6 Ny 9-

PN T— ' | [T

0 : STANDARD I | 10 10 10 STANDARD I |
9 10 1 1 20 25 "30 35
- 20- SCHoSCN
5
R— N7 N
=/

10 whereinR représents a C,-C, straight or branched chain alkyl radical, a C,-C, cycloalkyl or a

o

(X)a

phenyl radical of the formula

15 :
wherein each X independently represents hydrogen, halo, a C,-C, straight or branched chain

alky! radical, a C,-C, cycloalkyl radical, a C,-Cs straight or branched chain alkoxy radical, a C,-C,
cycloalkoxy radical, cyano or nitro and n is 0-5. o
2. A compound of Claim 1 wherein R represents a C -C_ straight chain radical, a
20 C,-C, branched chain alkyl radical or a C,-C, cycloalkyl radical.
3. The compound of Claim 2 which is 1-Cydohexyl-S-thiomethylthiocyanato-1 H-
-tetrazole. _
| 4. A compound of Claim 1 wherein R represents a phenyl radical and X represents
hydrogen, halo, a C -C_branched chain alkyl radical, a C,-C, cycloalkyl radical, a C,-C, straight
25 chain alkoxy radical, cyano or nitro and nis 1.
S. The compound of Claim 4 which is 1-(3-Chlorophenyf)-5-thiomethyi-
thiocyanato-1H-tetrazole.
| 6. The compound of Claim 4 which is 1-(4-Chiorophenyl)-5-thiomethyl-
thiocyanato-1H-tetrazole.
30 7. The compound of Claim 4 whnch is 1- (3-Methylphenyl)-s-thuomethyl-
thiocyanato-1H-tetrazole.
8. Anantimicrobial composition comprising an inert diluent and an
antimicrobially-effective amount of a compound corresponding to the formula

35
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WD 96/ 19461

PCT/ US95 &91% 1. Aconpoundcorrespondi ngt ot hef or nul a
SCH2SCN ?’W 461 [err] 10 wherein R repr® 13492
Clerr]-Cferr] straight or branched chain alkyl radical, a Cerr]-Cerr]

cycl oal kyl or a phenyl radical of the formula i

[err] 15 wherei n each: X i ndependently represents h
- (ferr]-Cerr] straight or branched chain al kyl radi y mﬂm imsrr]
cycloal kyl radical, a CJerr]-Jerr] straight or branche

radical, a C[err]-C[err] cycl oal koxy radi cal, cyano or nitro and n IS
0- 5. 2. A conB6tpSC¥ Claim1 wherein R represents a
Cerr]-Cerr] straight chain ragical, a 20 Cferr]-Cferr] branched chain

al kyl radical or a C[erzﬂ.].-_q_ | oal kyl radical . 3.
The cor‘?%ound of Caim2Z whigh is 1-gycl ohexyl -5-thionethylthiocyanato-1 H-
-tetrazol e. =L NA compound of Claim1 wherein R :
represents a phenyl radical and X represents hydr ogen, hal o, a
Cerr]-Cerr] branched chain alkyl radical, a (err]-Cerr] cycl oal kyl
radical, a (Jerr]-Cferr] straight 25 chain al koxy radical, cyano or nitro
and n is f |

1 (3- O oﬂ':)";ﬁ%n;"sp'%‘e"ﬁa o TR BRI € &, Yl

6. The'! ombemﬂda%ﬁieﬁtaﬁfﬁfmumch i s |-(4-Chl orophenyl) 5-t hi onet hyl -

t hi ocyanat o- 1H-tetrazole. 30 7. The conpound of C aim4 which
Is 1-(3-Methyl phenyl)-5-thionet E—' t hi ocyanato-1 Htetrazol e.
8. An antim crobial comnposition rising an inert diluent and an

antim crobially-effective anounk,of a corrpqund corresponding to the fornulg

15 wherein each X independently represents hydrogen, halo, a C -C, straigh_t or branched chain
alkyl radical, a C,-C, cycloalkyl radical, a C -C; straight or branched chain alkoxy radical, a C,-C-
-cycloalkoxy radical, cyano or nitroand nis0-5.

9 A composition of Claim 8 wherein R represents a C -C, straight chain radical, a
C-C, branched chain alkyl radical or a C,-C, cycloalkyl radical. '

20 10. The composition of Claim 9 which is 1-Cyclohexyl- S-thlomethylthlocyanato-
-1H-tetrazole.

11. A composition of Claim 8 wherein R represents a phenyl radical and X
represents hydrogen, halo, a C -C, branched chain alkyl radical, a C,-C, cycloalkyl radical, a C,-C,
straight chain alkoxy radical, cyaho ornitroand nis 1.

25 12. The composition of Claim 11 which is 1-(3-Chlorophenyl)-5-thiomethyl-
thiocyanato-1H-tetrazole.

13. The composition of Claim 11 which is 1-(4-Chlorophenyl)-5-thiomethyl-
thiocyanato-1H-tetrazole. '
14. The composition of Claim 11 which s 1-(3-Me_thylp_henyl)-s-thiomethyl-

30 thiocyanato-1H-tetrazole. '

15. A method for inhibiting microorganisms in a microbial habitat comprising
contacting said'microbial habitat with an antimicrobially-effective amount of a compound

corresponding to the formula

35
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J
35 - -21-

WD 96/ 1946

PCT/ US95/ 1&%‘92""“‘ | PCIARIL/E492
[err] wherein Rrepresents a CJerr]-Cerr] straight or branched
chain al kyl radical, a C[err]-C[err] cycl oal kyl or a 10 p of

the formul a 15 V\/nereln
each X i ndependently represents hydrogen, halo, a ([err] w[w mmﬂu r
branched chain alkyl radical,a (Qerr]-Cerr] cycloal I"IO
Clerr]-(err] straightorbranched ciSgH3S@Nkoxy radical, a C[err] C[errs]
-cycl oal koxy radical, cyano or nitdo and n is 0-5.

conposi tion of Cla|m8 wheg ei n ents a Cerr]-Cerr] '
strai ght ch&i nr adi cal , C[ e ]-Cerp] branched chain al kyl radical ora
Cerr]-Cerr] cycl oaI kyI radi caMy =2ON ' 10. The conposition of
Caim9 which is 1-Cycl ohexyl -5-t hi onet hyl t-hi ocyanat o- -1Htetrazole.
11. A conposition of Claim8 wherein Rrepresents a phenyl radical and X
represents hydrogen, haI o, a (err]-Cerr] branched chain alkyl radical, a

Clerr]-Cerr ]whé('gm% rep sen!is adé (‘Castfm&tq Eranl.he%[o:ﬁalekyl radical, a C ; Cycloalkyl or a

10 phenyl radical of the formula

{X)n

15 wherein each X independently represents hydrogen, halo, a C,-C_ straight or branched chain
alkyl radical, a C-C; cycloalkyl radical, a C,-C, straight or branched chain alkoxy radical, a C,-C;
-cycloalkoxy radical, cyano or nitro and n is 0-5.

16. A method of Claim 15 wherein R represents a C -C_ straight chain radical, a C -
-C, branched chain alkyl radical or a C,-C_ cycloalkyl radical. '

20 17. The method of Claim 16 which is 1-Cyclohexyi-5-thiomethylthiocyanato-1H-
-tetrazole.

18. A method of Claim 15 wherein R represents a phenyl radical and X represents
hydrogen, halo, a C,-C, branched chain alkyl radical, a C,-C; cycloalkyl radical, a C-C sfraight
-chain alkoxy radical, cyano or nitro and nis 1.

25 19. The method of Claim 18 which is 1-(3-Chiorophenyl)-5-thiomethyl-
thiocyanato-1H-tetrazole.

20. The method of Claim 18 which is 1-(4-Chiorophenyl)-5-thiomethyl-
thiocyanato- 1H-tetrazole. ' '
21. The method of Claim 18 which is 1-(3-Methylphenyl)-5-thiomethyl-

30 thiocyanato-iH-tetrazole.

22. The method of Claim 15 wherein the co:hpound is present in an amount to
provide from 1 part per million to 5,000 parts per million by weight of the compound to a
microbial habitat thatis contacted with the composition. '

23. A composition useful in preventing the growth of marine organismson a

35 surface exposed to a marine environment in which marine organisms grow comprising an inert
diluent and a marine antifouling effective amount of a compound corresponding to the
formula

-23-



straight chain al koxy radical, cyano or nitro and nis 1. 25
12. The wgokaigii on of daim 11 which is 1-(3-Chl orophenylges gggh%?t hyl -
I"on 0

t hi ocyanato- 1Htetrazol e. 13. The conposi Claim =«
1 1 which is 1-(4-Chlorophenyl)-5-thionethyl - t hi ocyanato-1

H-tetrazol e. _ 14. The conposition of Claim1l which is

1- (3- Met hyl phenyl ) -5-thi onet hyl - 30 t hi ocyanat o- 1H- t|e mu

15. A nethod for inhibiting m crgy i sms in a mi Cr'mlllm j“l“mll”“l
conpri si ng contacting said mcrobi al habitat with*arf - * $ *
antimcrobially-effective ang a conpound corresponding to the
formula 35 R—N =~ ' -22-
WO 96/ 19461 ; \N_N/ | | -

PCT/ US95/ 13492 - _ [err]

S* wherein R represents a Clerr]-Clerr] straight or branched

chain alkyl radical, a Jerr]-C[err] cycloal kyl or a 10 phenyl radical of

the formul a
wherein R represents a C,-C, straight or branched chain alkyl radical, a C,-C, cycloalkyl or a

phenyl radical of the formula-
10 '

(X)n

wherein each X independéntly represents hydrogen, halo, a C,-C,straightor bran_éhed ¢hain ‘
15 alkyl radical, a C,-C, cycloalkyl radical, a C -C, straight or branched chain alkoxy radiéal, acC-C
cycloalkoxy radical, cyano or nitro and nis 0-5. _ _
24. A method for preventing the growth of marine organisms on a surface
exposed to a marine environment in which marine organisms grow comprising contacti ng said
surface with a marine antifouling effective amount of a compound corresponding to the

20 formula
SCstCN
"R—N"T
25 \N —_N /

wherein R represents a C -C, straight or branched chain alkyl radical, a C,-C, cycloalkyl or a

phenyl radical of the formula
30 é

-'where.in.each X independently represents hydrogen,__ha_!@, aC-C, straightor branched chain
35 alkyl radical, aC-C, cycloalkyl radical, a C.-C, straight or branched chain alkoxy radical, a C,-C,

cycloalkoxy radical, cyano or nitro and nis 0-5.

-24-



['érr] 15 wherein each X independently represents hydrogen, halo, a

Cerr]-Ce i ght or branched chain al kyl radical, i;cgqgai, bl €5 1]
cycl oal kylﬁi‘g Ical, a CJerr]-Cerr] straight or branched chain a O%’H
radical, a (err]-Cerr] -cycl oal koxy radical, cyano or nitro and nis
0-5. 25. T ok e % i MBSURRid toRtacfWieRE
Clerr]-Cerr] straight c glmr?ﬁ}a I gaﬂ?ggw %rrﬂ@?a .-n%é&gr anchgﬁﬁﬁtﬁa?’n&ce

al kyl radi calnasameuntfrem.1ap 30meight prsartaf p comppsitign copprising aninert diluentand 1 7,
The met hod ofneldomipBlAd Whi ch is 1-Cycl ohexyl -5-thi omet hylthi ocyanato-1H

-tetrazol e. 18. A nethod of Caim 15 wherein R
represents a phenyl radical and X represents hydrogen;‘ _
Cerr]-Cfgrr] branched chain alkyl radical, a Cferr]-Cer mﬂuﬂﬂuﬂmul’”“lll
radical, a (Jerr]-Cferr] straight chain al koxy radical, cyanb ot nitro.
and nis 1. 25 19. The method of Caim18 which is

1- (3- Chl or ophenyl ) -5-t hi onet hyl - t hi ocyanato- 1 Htetrazole.

20. The nmethod of C aim 18 which is 1-(4-Chl orophenyl)-5-thionethyl -

t hi ocyanat o- 1H-t etrazol e. 21. The nethod of Claimi18
which is 1-(3-Methyl phenyl)-5-thionmethyl- 30 thiocyanato-1Htetrazole.

22. The hod. of C aim 15 wherein the conpound is present in an anount to
provide from1l part per mllion to 5 000 parts per mllion by weight of the
conmpound to a m crobial habitatthat is contacted with the conposition.

23. A conposition useful in preventing the growth of marine organisns on a
35 surface exposed to a marine environnent in which nmarine organi snms grow

conprising an inert diluent and a marine antifouling effective anmount
of a conmpound corresponding to the formul a
-23- .. WD 96/ 19461
PCT/ US95/ 13492 - - R N5
[err]
20
25
30
35



wherein R represents a C[e m g[ t or branched chain al kyl
radr cal , -Cerr] c H @u g phenyl radical _of the fornula
w&% e| n each X'i resents hydrog}'é?"~ §7313492 5 :

C[err] Cerr] straight or branched chain 15 alkyl radical, a (err]-Cerr]
cycl oal kyl radi cal err] straight or branched chai n al koxy

radical, a C[err]- @fﬁ?’%‘ are SUWC%%?B‘QI'WW}F“FV&W%&?"at%y'éﬂﬁ'ﬂf"er?PF‘PB“%Pﬁd nis

0-5. ' corresponding to the fofthulaA Net hod for preventr ng t he grovvth of marine
organi snms on a surface exposed to a marine environment in which marine

or gani sms grow conprising contacting said surface with a marine
antifouling effective anmount of eHc%ﬁQound .corresponding to the 20 formul a
SCH2SCN N 25 [err]
wherei A R represents a Cerrl; r] straight or branched chain al kyl
radical, a C([err]- d er R—T YT oa or a phenyl radical of the formula

30 \I F/ [err] wherein each X
i ndependent |y represent s hyd , halo, a (Jerr]-Clerr] straight or
branched chain 35 alkyl radical, a (Jerr]-Cerr] cycloal kyl radical, a

Clerr]-Clerr] straight or branched chain al koxy radical, a Cerr]-Cerr]
cycl oal kowpereirdR epleserity a0eC Gtraight orthrarttiedichain ﬂkﬁradrcal aC -C, cycloalkyl ora

-24- 10 }gzrgg{cgl o‘%@r}e formula _

PCT/ US95/ P88
00

15 wherein each X independently represents hydrogen, halo, a C -C_ straight or branched chain
alkyl radical, a C,-C_ cycloalkyl radical, a C,-C, strafght or branched chain alkoxy radical, a C,-C,
cycloaikoxy radical, cyano or nitro and nis 0-5.

~ These compounds have been found to exhibit antimicrobial and marine
- antifouling activity in industrial and commercial applications and compositions containing

20 these compounds are so employed.
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25 The ‘met hod of
in an amount from1 to 30 wei'ght percent of & conposition

surface

Chysth 5" 24gherei n the conpound is contaciedmblh the

conpr.i si'ng an inert diluent and t he :conmpound. _ ¢ 10- . 17715
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FINALIZED VERSION T

1-SUBSTITUTED-5-THIOMETHYLTHIOCYANATO-1H-TETRAZOLES,
COMPOSITIONS CONTAINING THE AND THEIR USE AS
ANTIMICROBIAL AND MARINE ANTIFOULING AGENTS

The present invention is directed to novel 1-substituted-5-
thiomethylthiocyanato-1H-tetrazole compounds, compositions
containing said corﬁpounds and the use of these compositions as
antimicrobial and marine antifouling agents.

Various compounds containing a thiomethylthiocyanato
substitution are known. Many of these compounds have been used
in compositions as antimicrobial and marine antifouling agents. Doi
et al in Japanese Kokai 74 44,040 (Chemical Abstracts, vol. 81, No.
22, 1974, abstract No. 137665) teach marine antifouling paint
containing substituted 2-(thiocyanatoalkylthiobenzothiazole,
benoxazole or benzimidazole compounds.

Pews et al, U.S. 3,888,869 are directed to the compounds 2,5-
bis(thiocyanomethylthio)-1,3,4-thiadiazole and 3,5-
bis(thiocyanomethylthio)-1,2,4- thiadiazole and their use as
antimicrobial agents for the control of bacteria and fungi

The present invention is directed to compouhds corresponding
to the formula

o
~X

TS

N

wherein R represents a C,-Cg straight or branched chain alkyl
radical, a C3-C cycloalkyl or a phenyl radical of the formula

(Xn



-35 : -25- WO
/19461 : Wos9  uel PCT/ US95/ 13492 Sosias
sclosed are substituted-5-thi onet hyl t i ocyanat.o- lH—tetrazoI e. corrppunds
correspondl ng to the formla T TTT e e v+’ "ee 'SCH2SCN
5 [err] wherein Rrepresents a (Jerr]-(err]

SL rai lght gr blr an?heﬂ Gafﬁaran%h&vx ifidependdntly fegrbsenfs/hydtsden) hay e cackyl or a
Rher oi n oach X | ndeperStaieht o rapshed shiia allyhradiseh 2 Gisfs yelodidh pgicaly or 1 '
strai ght or branched &h@j-Qy straigit!of brantihed ¢hain alkoksf aididat, Q[@FC{ cycl oal kyI
odteal 8 Gherr) el ot sl Slte o AAENES, e A 8RR daghgls @
These xonpounds have beeTheguesent invenion ks ﬂs@dimdued:roodmtmhcmb(hl mari ne
ant 1 oul g acti iy, ubgRR Sg Rl SRR G A o2 "
antimicrobially-effective amount of a compound corresponding to
Formula 1.
The present invention is further directed to a fnethod for
10 inhibiting microorganisms in a microbial habitat comprising
contacting said microbial habitat with an antimicrobially-effective
amount of a compound corresponding to Formula 1. |
The antimicrobial compositions of the present invention can
also be employed to treat surfaces exposed to a marine environment
15 in which marine organisms grow to prevent the growth of said
| marine organisms on said surfaces.
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(57) Abstract
) Disclosefl are substituted-
T e oxmds SCiZSoN

comesponding to formula (I)
wherein R represents a C;-Cs
straight or branched chain alkyl
radical, a C3-Cs cycloalkyl or
a phenyl radical of formula (II)
wherein each X independently
represents hydrogen, halo, a

\n_u

.C1-Cs straight or branched chain

alky] radical, a C3-Cg cycloalkyl

0] @— a

X

radical, a C1-Cs straight or branched chain alkoxy radical, a C3-Cs cycloalkoxy radical, cyano or nitro and n is 0-5. These compounds
have been found to exhibit antimicrobial amd marine antifouling activity in industrial and commercial applications, and compositions

containing these compounds are so employed.




