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ED3A or its sal t’g In high-y : Specifically, a salt, of .
N, N - et hyl enediagei 4fdi neetlB369ai #0G9=D2Fherer it] js istates thitnetbyleRpdigmine reacts with

stoi chionetri . pref I | . : ;
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li quid hydr ogesmey sithd Co(El) e o e s Easulting, sobalt (comniexss Eg‘h dsqlgted | thrpugh ion
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prsertSs of cheptesn i end 107G wreeas 0o gl e i FBloRef e b6 form a stabe
1 S-membered ring intermediate. The addition of a cyanide source, such as gaseous or
liquid hydrogen cyanide, aqueous solutions of hydrogen cyanide or alkali metal cyanide,

in stoichiometric amounts or in a slight molar excess, across this cyclic material at

temperatures between 0° and 110°C, preferably between 0° and 65°C, forms

30 ethylenediamine N,N’-diacetic acid-N'-cyanomethy] or salts thereof (mononitrile-diacid).

The nitrile in aqueous solutions may be spontaneously cyclized in the presence of less than

3.0 moles base: mole EDZAHz;. the base including alkali metal or alkaline earth metal

hydroxides, to form 2-oxo-1,4-piperazinediacetic acid (3KP) or salts thereof, which is the

desired cyclic intermediate. In the presence of excess base, salts of ED3A are formed in
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[Efr] according to the folldwing igeneral seatcuomsﬂ:h&me 40. Where unsaturation
occurs, the structure may be shown as NaOH follows: 35
2 : .
ED3ANa; + Acyl chloride ~-——-—-> N-Acyl ED3ANa; + NaCl
20 The starting ED3A derivative can be the acid itself, or suitable salts thereof, such

as alkali metal and alkaline earth metal salts, preferably sodium or potassium salts.
Saturated N-Acyl ED3A derivatives that are the product of the foregoing reaction
can be represented by the following chemical formuia:

25 0 CH,COOH
0 7
CHy - C-N-CHCH, - N
- | E:H2 N CH,COOH
30 i
COOH

wherein n is from 1 to 40. Where unsaturation occurs, the structure may be shown as

follows:

35
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i ncreasés, the fornulae are: 10 [err] 20 : where n is 3 to 40;
[err] where n is 4 to 40; and O [err] WHGCORH s 5 to
40, etc. Poly N-acyl ethyl enedi anjjnetri acetic acid derivatives,
such as dicarboxylic acid C,H,;,,-C-N-CHCH,-N
3 \
CH, CH,COOH
I
COOH
where n is from 2 to 40. As unsaturation increases, the formulae are:
10
o CH,COOH
"
15 CH,.:-C-N-CHCH,;-N
| N\
CH, - CH,COOH
]
: COOH
20 where. n is 3 to 40;
o " CH,COOH
8| /
CnHZn-S - C - IN - CHzCHz - N
\
25 o . CH, CH,COOH
]
COOH
where n is 4 to 40; and
30 | o CH,COOH
! 7 |
CnHZn-'I - C - tN - CH2CH2 - N
N\
CH, CH,COOH
35 |
COOH
where n is 5 to 40, etc.
Poly N-acyl ethylenediaminetriacetic acid derivatives, such as dicarboxylic acid
derivatives having the following general formula also can be produced: |
40 HOOCCH, ‘ O O CH,COOH
~ CI‘I ] d
N --CH,CH, -I:I -C «(CHy, - C - I'i -CH,CH, - N N
an—"
HOOCCH, CH, CH, CH,COOH

! i
COOH COOH




derivatives having the follow ng general formula also can be produced:
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Speci fic exanpl es include nono and di ED3A derivatives such as

oxal'yl di BB3A, oxalyl rono ED3A, nal eyl nono ED3A, nal eyl dii ED3A,

succi noyl gpnag _ ED3A, succinoyl di ED3A, etc. I n
view of t HQOCGHy i vel y new techngl ogy, ethylenediam netriacetic acid
(ED3A) 10 a\dNi_t St SNNEWV- be ily produced in bulk and high
yi el d. : / AZykep, su s proteases, |ipases and anyl ases,

are comoH to enhance CH, ~the performance of fabric
deéergents, di sh washing i quiaégﬁard surface cl eaners, drain
opening fluids, etc. By using an enzynme in a detergent, it is possible-

to hydrolmﬁrﬁ 3 At h 3*‘9?? : i f h oS, o h a
degree that t (’a‘ylsble(t:%#g' rea W}{/ SO lgf é&gl?%Oﬁ@%h?lﬁ%%.&?&%@sa&ﬁ%%

ef f ect i veoxalyldiBD3A, dxdlfyimoriot EPBA{ aialeylmono ED3A, snaleyldi ED3A, suceinoylmono

bl ood, nu and swe%mf) d products, etc. can be achieved. Mreover,
since ins SUccInoyldi S&JF tns and starches cause dirt to adhere

strongly to faljpivGéw ¢ seﬂﬁémng H&w&é&hﬂ%?'&ﬁxlylenediaminetﬂﬁéei{c id QEBB]Y ! LY
hel ps renmove dirt as well. Co rcial enzyrmes are produced mainly by
| 19i ng ceamtitwahsaowmbsxeadﬂyipamcpddnbnﬂambhiggiyieldatur e. Enzymes with’

enhanced 20 activity for co rcial use. are often produc b
genetic engi neéquﬂ’.es’ ) h%pmteases,nﬂgas?%@nq 9’3@'3875’ éﬁéﬁmﬂﬁgﬁd’sﬁg‘ém
the det er gRnperférntinice (ofFabAE deRPfEnts; disloWashing liquids, AAdurfade leaféRCatah | ¥

since any given enzyne typically exhibits a maxi num effectiveness
at speci f PPerng Sluidsy ete ndiyruging such gmenzymenis 4 detergente fit BRqs§iblectoshydrolyze

LT = i prbil of sach oS O UER MBS AR BHE Tk AP
s18 f act anirswateth TFhuss adinere effedtive remloval 6f diffituliprotein lok staréle s@IRE including
sulfate that are also common to defergent fornulatigns. It is believed that
thi s denaPi@odngucus, and sweat, food products, etc. can be achieved. Moreover, since insoluble
proteins and starches cause dirt to adhere strongly to fabrics, increasing the protein and
starch solubility helps remove dirt as well. Commercial enzymes are produced mainly by
living cells such as yeasts, and are proteinaceous in nature. Enzymes with enhanced
20 activity for commercial use are often produced by genetic engineering.
The type of _enzyme used depends on the detergent formulation and application
conditions, especially since any givén enzyme typically exhibits a maximum effectiveness
at specific pH’s and temperatures. Above their peak effectiveness tempetaturé, they
usually become denatured and never regain their activity. Enzymes are often denatured
25 or deactivated by harsh surfactants such as sodiuﬁ lauryl sulfate or linear alkyl benzene
sulfate that are also common to detergent formulations. It is believed that this denaturing
or deactivation is due to the disturbance of the three dimensional structure of the protein.
Metal ions such as copper*?, iron, nickel*Z, cobalt, etc. can also deactivate enzymes,
possibly by imaractiné with and blocking the active site of the enzyme. _
30 It is therefore an object of the present invention to provide enzyme compatible

surfactants.
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by interactin i th and Dbl ockir i ks > enzyne. 30
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conmpati bl e It issaHi évasti faithér object of the present invention to enhance the detergent power

4 WD 97/ 40129 , . .
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I nventi.on to provide 11 0NS ' cont ai ni ng an enzyne
and’ an5enzym%mgtlvﬁéﬁé%ﬁkﬁgwﬁhaﬁ' : It is an gven fur%/her
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provi ded that at | east one of the_ surfactants is
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Gt hyl dedi am MEBYidd dhatat deastions of ihe surfaciants s ap N-AGH S0H3 lensgimspinefripgetic agklor
present | nventgy Splaye gg%%@g (i fi€dent Evefor? niefiulid chat N-acyl ED3A is highly

conpati ble wth various e elr detergent effectiveneSs
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enzynme systens, such as i ndustria rocesses, is al so
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| NVENTI ON : : ' e?@ﬂm&r oups in the N-acyl ED3A
surfactant i né?%lgglgslt?rgf%ﬁ??ségh{?ra?r?ghe al i phatic or aromatic

groupdScontaining from1l to 40 carbon atons, such as pentanoyl,

hexanoyl , heptanoyl, octa JaT=Yol =] ﬁ@ml—st oyl ,

pal mtoyl, ol eoyl, 20 itk . o “f!* : N it abl e
branched acyl groupsuitaBfd A8 gr6SpPRcH! the Wacyl ED3A surfac@fiofieRide stiaight or branched
neodecanoyl, iso-octanoyl, i so-nananoyl and iso-tridecanoyl. Suitable

aromati c acy| alipbaticsof ardmatic proupscontaining fyomn dyto 40rparben atoms, cfugh As-pentanoyl,

may be su ituted, such.as . n I :

hydr oxyl grou xatgyiﬁéﬁpégnqﬁ, oc%anoy L M"Q'X%Yﬁr %’S‘(‘gﬁ%ﬁgm’[ @8ﬁ$t g? P’ﬁ{ agé}tggl, oleoyl,
i ncl udigng i pursilardyl(ahd nbrhopll Branfiléssfosuitable branchied hd:jl(gré‘ug»s include nédpetitanoyl,
16-tri hydroxyhexadecanoic), anbrettolic (16-hydroxy-7-hexa eC(ﬂoi c), .
ricinoleic  neoheptanqylp neodecengyleiiso-octaneyld dda-panappyl and;lsestr yl.  Suitable

(12- hydroxy-trag&i- - 10j M i i

12- hydr oxyoct a ec%ﬁ%%@?ﬁ%gﬁ;‘%go1n?ﬁlldg _#ya‘r‘%@"’é‘q’f rIgﬂd: ?W%ﬁdmg thay be
oct adle_cat rizgen@hbs)ﬁmaeunegmgabiby ?i;e mtgimwmbggmmmyﬂmdnggafgnoﬁxaxnples of
I)iin ﬁy:jfo)((y: c hydnoxyssubst 4 O)gtgy aéi?ig iggg i%gei_pui-o i1E'. 8,¥P—%h)c ro:‘f:jlyntetracﬁ3 anoic ,I ustilic

25 (2,15, 16-trihydroxyhexadecanoic), ambrettolic (16-hydroxy-7-hexadecanoic), ricinoleic
(12-hydroxy-cis-9-octadecenoic), ricineiailic (12-hydroxy-trans-9-octadecenoic), 9,10-
dihydroxyoctadecanoic, 12-hydroxyoctadecanoic, kalmlolenic (18-hydroxy-8,11,13-
octadecatrienoic), ximenynolic (8-hydroxy-trans-11-octadecene-9-ynoic), isanolic (8-
hydroxy-17-octadecene-9,11-diynoic) and lequerolic )14-hydroxy-cis-11-eicosenoic), as

30 well as acyl derivatives of the above (the above named derivatives wherein the suffix

| "oic" is replaced by "oyl chloride"). .Suitable halogen- substituted fatty acids include
trifluoromethylbenzoyl chloride, pentadecafluoro-octanoyl chloride, pentafiuoropropionoyl

5
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derivatives wherein the suffix "oic" is replaced gé " og;

chl ori de"W0 934p128b| e hal ogen- substituted fatty acids incl uBET/USI7/04048
trifluoronethyl benzoyl chloride, pentadecafl uoro-octanoyl chloride,

ge nt af | uogKIBFiae) %@%ﬂg%oggllxzzogl chloride, perfluorostearoyl chloride, perfluorononamoyl
PCT/ US97/ chigride, perfluoroheptappylshiemide andhtriffuoremmetbylacery! cliarids.; Beeferably, the
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The surfactant properties of N-acyl ED3A np|ecules II%\'/SV ot dispersi qn of
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al | evi at eionstastuplly significanglytenhancg thedather stabiligy abalkali meatal N1asyLED3&yudbg as

It of...th ' oo T ' I
sed it ARG BT RGRCH; ED3A, tosequpstcr (apeiion Al Hef inel i ZsBiaferalis e
the N acypotehiidl fofithe efizymhd aétivilyoRUefbdubéd 894 résltrefatieseyionsnverted into
salts by partial or conmplete neutralization of the

. ; agid wth_ the .
appropri at e badde Nracyh&DBA is preferably juged in the, forpy Stcjdﬁ?eiv.‘l\ﬁtf"r Bnvigw of | theifz A

salts by i ' 3 e, _ st cafl 4R teadifl d of

aci d. The iy Shed e -acdPERRPCact 14t Sldduced, i caf LAY COffcRERIRL

conposi t i sales W partial pr esmaplete mentralizationpofithe acidumitinthe apprepriate base. The acid

| aur oyl - ED3A. O her I tab ounteyrions, incl.ude | et hangl.anl ne,

i ot hanol 80,0 He eredwisdofram Roacyl ED3A” Salschy, SREmp{Eaton ot s bag S ™
ropyl apj -tm ' 0 ' f inltlié deterg

gl-zgm' no- Zﬂhrrg?hy - 1%@?%?0%53?%%, __g%ﬂ%?%@%??ﬁ?ﬁ%r%fp‘;sgolr 2-am nec?-t 2-

25 cempositions ofs theppresenti inventioh atei sodiumi aod potassing laugoyl-EPRA JQther

The N-acyl .ED3A salt can be used i.n.the deter it] :
present ~ suitable countgrions ; B’ﬁﬂéf’o @ewn&mm%ﬁMWP h g{&ﬂé?tﬁhélgﬁme,
sur f act anhhmdiighC iédirdpyINSmirR! a-propylihine! and amino alcohslsrduehtang-antindile
conposition Is ef\/\‘g@n % out 5 to about 30% nore preferably from

about 10 butanbb2-agBine-2mmethybi S-propang diglo dtamings2-methy k- 1 nopanol n2-amipg2gent
2% gener SHOFISE e R0 RSl b it =rc e b no use
The N-acyl ED3A salt can be used in the detergent compositions of the present
invention alone or in combination with other surfactants. Preferably the total amount of
surfactant in the composition is between about 5 to about 30%. more preferably from
about 10 to about 25%, most preferably about 12%. The pH of the detergent
30 composition depends in part on the particular enzyme being used, but generally is within

a range of about 7 to about 12.




. PCT/US97/04048
6 WORHBI2 10129

PCT/ US97/ 04048 - . Suitable e mes i ncl ud
enzynes such as Al @&F‘&B’G* enZYIRFS, H!Fé“de 1""0“3"-’19'tlx e@é’ﬁ‘ﬁa&p d}‘&%ymse

anyl ases suchgas Joe TM 9&5@5 iR 35 AR rhbid ?l’aBﬂiN lipases such as diifblase”,
cel I ul ases. SaV| nase’* or exa I'S a serine pro ease having an optinum
pH. of 9- and cellildsesn cs:minase |foneutampip.ersaa serinegiroafehaving apwptiouwn pHoef 9-

exanpl e, has an optl mum 6-8esapd an_opt i, mum

tenperature of %F’g“ﬂ]t@l’irraﬂ’é%é’gsﬁ e }PW@a%ﬂ F‘Wt €, has an optimum pH of
deconpgse hyd opi Mﬁﬁﬁf gr BP*GDGCUII%A&E?'M@S&R'MHQM
nor e 3 wﬁndéggﬁﬁ#ll C conpounds I C Ch)gr eﬂﬁnre easily renmpved 0
det ergent act ide¢compose hydrophoblc substancesjc[lsucln rast dxydmphsbxcf mglxmr;dea)atmttgenore
forpul ations ty il der. such as

Ll
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bl h | t | -
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used in Inat1 on wt ani oni cs such as
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|'i near, .al kyl b e sulfon Ky & an haxy.
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formul ati ons t1ona

Eur opean Heavyulftiave Bed Qlcohol ethoxylates. : Sod| um

| aur oyl ED3A 5-20% o, _ .. .

Noni oni cs Other ingredients conventionajly added to detergent compositions may be included,

Sodi um tri pho - 300 - ents. bufferi
a0l i te SRRLE soap, dyes, perfur{s%?)‘;t&ékeners, conditioners, emollients, buffering agents,

Sodi u@0per bor apsifitisapreservatives, optical brighteners, fabric softeners, etc. acti vat or

- 0
: %?1505@@30 Examples of suitable formulations Sffd?%#ﬂli C?E g? gat ©
0-10% Traditiona il ' a9 ent
0-1 % ol ycar boxyl at es
0- 3% Sodium lauro@bBERIA bri ght ene&-?yO%
perfunme - Nodiohics% 35 1%
25 , Sodium triphosphate 0-30%
Zeolite 0-35%
Sodium perborate/bleach
activator 10-25%
Sodium carbonate 2-15%
.30 Sodium silicate 0-10%
- Complexing agent 0-1%
Polycarboxylates : 0-3%
Optical bnghteners,
perfume 0.4-0.5%
35 _




WD 97/ 40129

7
P
or
0.

0.
0.
0.
0.
1.
B

CT/ US97/ 04048 Enzynes: i 0T
0. 4- WQDF/40129 Daf—ﬁitf#%?@%g T or
3-0.8% ' Esperase 4.0 T or
4-0.8%. Enzymes:  Alcalase 2.0 Tor S#4#(e8% 6.0 T
3-0.6%5 - Durazym 6.0 T or Li(hd3i(e8% 100 T
2-0.6% Esperase 4.0 Tor 1R4i8% 60 T
4-0. 8% Sav 60T @eBloigg™ 0.7 T
aﬁO 3. 0% umo's«FI phatg-g\g4er. etc.
ance to 100% T
9.5-10.5 10 1 r
Det er gent Cell %ﬁiﬂ%
5-35% 15 Sodium sulpm.wfcsm 1-15%
Sodi um t ri phosphat e H40% 9.5-10.5
ZEplite 0-40% Sodi um
per bor at e/ bl each activator -
15-30% 20 Compact Type Heawo DutyrDetérgent! e
2-10% Sodi um car bonat e 5-20%
Conpl exi ng agent (phosphonate, 5-35% citrate)
]551% Sodium myrigg l3/lc3!al)r3bonyl ates 1.15% 0- 3%
2 ght eners,
per fume C%?ﬁ“'g%yﬁgkﬂ{é mg
Enzynes: Durazym 6.0 T or
Esperase 4.0 T or 0.6-1.5% Sodium perborate/bleach
Savinase 6.0 T or 0. 6- 1. 5% 3artivator 15-30%
La@ol ase 100 T 0.3-0.8%  Sodium silicate 2-10%
Termanyl 60 T 0.2-1.0% Sodium carbonate 5-20%
Celluzyme 0.7 T 1.2-3.0% Complexing agent (phosphonate, Sodi um
sul phate, water, etc. Bal ancegjirate}00% o 0-1% pH
9.5-11 Polycarboxylates 0-3%
25 Optical brighteners, . -
perfume - 0.4-0.6%
Enzymes:  Durazym 6.0 Tor 0.6-1.5%
" FEsperase 4.0Tor 0.6-1.5%
Savinase 6.0 Tor 0.6-1.5%
30 Lipolase 100 T 0.3-0.8%
Termamyl 60 T ~ 0.2-1.0%
Celluzyme 0.7 T 1.2-3.0%
Sodium sulphate, water, etc. Balance to 100%
pH 9.5-11
35
Heavy Duty Liquid Detergent
40 ~ Triethanol amine oleoyl ED3A 5-35%
Nonionics - 3-20%
Sodium triphosphate 0-30%
Zeolite 0-30%
Complexing agent (phosphonate
45 citrate) 1-5%
Polycarboxylates 0-5%
Optical brighteners,
perfume 0.1-0.5%



35 T WO9T40129 Heavy Duty Liquid Det er g&St UHG04048
Tri et hanol am ne ol eoyl ED3A 5-35% ' ' :

Noni oni cs 3- 20Bnzymes:  Alcalase 2.5Lor 0.4-1.0%
Sodi um t ri phosphat e 0- 30% Durazyii 16.0 L or 0.2-0.6%
Zeolite 0-30% Esperase 8.0 Tor 0.4-1.0%
Conpl exi ng agent (phosphonate, 45 Savinase 16.0 Lor 0.2-0.69% rate)
1-5% Pol yc Bﬁéﬂl L 0.2-0.6 0-5%
Opt i ca? bri ght eners, 0. 1-9,&2{0 Te 5:?596 30_50%% '
perfunme 8 WO
97/ 40129 PH PEPr207/ 04048
Enzynes: Al calase 2.5 L or 0.4-1. 0% '
Durazyin 16.0 L or 0.2-0.6% '
Esperte 8.0 T or 0.4-1. 0%
Savinase 16.0 L or 0.2-0.6% 5 Au tic Dishwashing Detergen
Termanmyl 300 L 0.2-0.6% Wat er
30658%5 10 : . Sodivm myriStoy LED3A . 25%
. 0-9. . : onat i i
Det erfgant . :ﬁﬁ tnphqspha g‘lf um nmyri stoy %Em%
2- 5% ' . p%B%ﬁa hphosphat e
0- 40% 15 actvator o, 4i ym per bor at e/ bl$§gﬁ
activat or 4- 2¥pydium silicate -
Sodi um si l i cate 5-Bejygarboxylates 0-3%
Pol ycar boxyl at es 0-Gomplexing agent (phosphonate,
Conpl2ki ng agent (phosphonate, 20 citrate) _ 0-35% citrate)
0- 35% _ Enzymes: EnDppezym 6.000r azyn-8%0 T
1- 3% Esperase 6.0 Tsper as8%6. 0 Tr
1-3% - Savinase 6.0 TaVi Nagggs.- 0 T
1-3% | : Termamy! 60 T 1-3%
25 Sodium sulphate, water, etc. Balance to 100%
pH _ . 9.5-11.0
| EXAMPLE 1 _
30 Myristoyl and lauroyl ED3A acids were neutralized with aqueous sodium

hydroxide to produce a 20% wt. Al solution. The resulting sodium lauroyl ED3A and
sodium myristoyl ED3A were used at a concentration of 0.2% wt. Ten grams of
surfactant (20%wt. AlI) were added to 990 grams of distilled deionized water to produce
the 0.2% wt. solution. | '

35 One milliliter of protease enzyme (Savinase* 16.0 L type EX available
commercially from Novo Nordisk) was diluted to 100 ml. with distilled deionized water.
1.43 ml of the enzyme solution was then added to four of five Tergotometer cells and
allowed to acclimate for 20 minutes. The cell contents were as follows:

sy NSRS - B s SR R R T e P e e




Termanyl 60 T 1- 3% 25 Sodi um sul phat e,
wat er, etc. Bal ance to 100% pH
9.5-11. 0 WO 97/40129 EXAVPLECTYUSY/04048
Myristoyl and | auroyl ED3A acids were neutralized with aqueous sodi um
hydroxi de to produce.a 20%wt Al sol ut I on. The resul t| ng SOdI um | auroyl
ED3A and prss==—=—=poirem RS BeA Saasa o s Al

0. 2% wt . Igeamscml Contents surfact ant (ZO%M AI) wer e added to 990
grams of ¢istilled deionized water _to roduce ~the 0.2% w .

sol uti on. 35 One m | | Coptegts of prot ease enzymne (SaV| nase*

L type EX evattgirte— comet \..1“crr|—y’ fr-ormrNovo—Notd S
to 100 i § | @ell 1 {11052 %l we dodivinolairoyd ER3AT . 1.43 m of the enzy '
sol uti on I h added to four of five Jergotoneter cells and

al lsowed: t | gL 2ol @f sediuml AyFiSyl ﬁm;gel | contents were as follows”

9 | VD 97/ 40129

PCT/ US97/ { . lable 1: Cell Contents

Cont ent s 0.00143% pvtfrgteg 8 FREYDHi um | aur oyI ED3A

2 0.2% oorme 'I'I"ﬂ;‘l"l"S‘["UyT—E' | 0 00ASOt™—prote
enzyme 0 %ewtsmmmlawqml mmmya wgrﬂme&semmm lmon |
Pr ot ease

& 0. 001430%]1 Br DMWM mynstoyl ED3A & 0. 00143% wt Ptotcase enzyme
‘ solution '

10 Cotton test swatches soiled with blood/ink/milk were placed in each cell and
allowed to soak for 90 minutes. The tergotometer was activated and the swatches were
washed for thirty minutes. After thirty minutes, the wash water was decanted. One liter
of distilled, deionized water was then added to each cell and the cells were placed back
into the tergotometer, which was then ﬁctivated for 10 minutes. The water was then

15 decanted and the test fabric was removed and placed on a piece of white cardboard. The
fabric was allowed to air dry overnight.

Reflectance was measured using a photevolt detector with a detergent head and
green filter. Four -reflectance measurements were recorded for each test fabric, two
measurements per side. Initial and final reﬂei:tance results are. shown in Table 2. The

20 difference in reflectance between the initial and final values are shown in Table 3. The
change in reflectance due to enzyme activity is shown in Table 4.

10



o | S97/04048
sol ution 10WO 97/40125 Cotton test swatches soiled with bl ood/Unk/ m | k
were placed in each cell and all owed to soak for 90 m nutes. The
t ergot ofret er was actlvat ed and the svvatches were washed for

thirty mnuteff A < ash water was decanted. One
liter. ‘Tajfe a+ sR?ﬂWé%Pced\éﬂlB?ﬁ zed water was then added to each cell
and the cell sjjwere pl aced back Initial Vialues t he terqotorreter whi ch was
then activateff tor 10 m nutes. he wat er. s the P nt ed and
the test fabrffc was renpved an Qé‘ed O?P ec ‘?ﬁn%lte - oargé( The
fabricSwas al |dRlb# o Swatgh ¢ OVEIlnI ght . Reﬁl ect

measured usin hot pyolt defectpr w det e head
Fﬁl][’3 re \sgr"ranr‘ 3%@#\ SLLL Q_Mgﬂv r{nﬂlzgm eat zgncf
2

green filter.
fabric, two 4ﬁ:ﬁiu[’en{;ﬁgﬁm|c3er QBQ?-A_'[‘ bral and Qﬁrgal reszsq; ance

results are s
bet ween the i
change in ref

d

12,3 W I ooy g T 29 urt CIrCrivcec I I ICI I CL,L P.IIVC

i3ial apd6final | 26l%es af @7shown | 86Fabl e B263he 26.8

G150 © |26 2887 [HS ¥ *] 21,0 |
12 %% 2 RpOkSELancEya ues [ o473 |97’

PCT/ UiB?/ 0404

Initi Val ue osit Sition
i\?g'rgbg“ 5 %3 Swalohy  1j27.5 23.3?27'5 e 37.5 _%4.4
26. 7 22 28B4 | 258.6 |2587.1 |25.826.0 | 25.86.8
° b s Tlaa P fms O ha 27.6
il 4 13 28.5 28.5 285 | 285 28.5
15 Hs 22 1275 27.2 27.8 27.8 27.6
Final Values
' Position Position Position Position
Cell # Swatch # 1 -2 3 4 Average
20 1 7 . 61.4 61.6 61.6 61.8 61.6
2 3 60.5 | 605 60.7 60.5
3 16 58.9 58.9 58.5 59.3
4 1 74.2 74.4 74.4 74.6
5 12 73.5 73.7 ' 73.7
25 1 23 62 62 62
2 24 59.1 59.7 ) 59.3
3 5 ) 59.7 . 58.9
4 13 : | 74.8 . 744
: 5 22
30

11




26. 6

27.0 10

12

4 1 26.5 27.5 27.3 5
12 26. 4 26.9 27:3 27.3 27.0 1 23
26.9 WO 8740129 27 5 " 27.5 27.4 2 PCWWW 25.-8
25.8 25 8 25.8 25.8 3 5 27 3 27 5
L 27.7 I A . e 20 D 2. 5
28.5 '28’16 315Delta 5 22 27.5 27. 2 27. 8 7 8
27.6 g  Reflectance Final Val ues 1
Posi tion E POSTTT ONn POSTTTON POST U IfOm, . ] Cel_ 7 SwpLcCh |
2 3 4 Aver ade 20 | Initial | | Final 7 | Delta g1| 2-Swatclg§l 6
61. 6 1Sx;tem 61. 6 Cell | Swatch | Average | Avegages| Average. | Averageo. 7
60. 5 3 ¥ 1 58.9 58.9 58.5 59. F
589 T 7 yr! 772 TP = 4
5 9 LE%@’S 1Y 74 1267773) 516 34.%5
23 , 62 5 2 24
23 E N % . 1%, _21_*%22.4 P82 |347 348 2 L
59.7 ! WZMED3§8 9 29.63 26.8 4 60.6 13 | 33.8 748 748
74. 8 ~T—7— 22 T2 973" 3
73.3 wax 2 240 97/ 25189 | 594 33.6 33.7
. PCT/ US97/ 4048 bl¢ 3 Del
Ref | ectan ! £7 91 Bs [sso |32, 1.,
Figgal — Df E& me 2-Svatch 13 15  SYgen |s96  |32.1 Cel]3Pyatch
Average flwe , A ommb>- - e=EBASA !
7 ; GﬂiLEDSAGHE&yme H#. 91 27.0 NaL EDAA 47.4 1 3
27. 4 i ; 3
26. 8 . 8
59.4
26. 8
27.6
270 8.5
745
27.0
Delta Due to
Enzyme
12.0
12.5
20 | _
The results demonstrate the compatibility of N-acyl ED3A with protease enzyme. In
addition, the presence of the N-acyl ED3A significantly enhanced the cleaning power of
the enzyme system. The presence of the enzyme also enhanced the cleaning power of the
surfactant solution (relative to the cleaning power of the surfactant solution alone),
25 contributing an extra 12 points of brightness. |



, . : PCT/US97/04048
NaMED3A+Enz YW@ 97/48129 55 27.6 73.3 45. 7 TR
Tabl e 4 Cel | Delta Due to Enzynme
4-1 - 12.0 12.5 BXAMPLE 2  The results denonstrate

5-2
the conpatibility qgf .N-acyl. ED3A A [ . . .
addition, the pr eﬁﬁ@é“’é‘f X%@"Rﬁ%ﬁ@ﬁ%&k’g&%ﬁ?ﬁ%‘&anﬁ wah{;arﬂ]i‘g%%sesgd 1 hydroxide
cl eani ng powgg Fﬁfduce a 20% wt. ATSoRitionEInsadditéon, a lieapalkybberzend sulfenate, mamely,
al so enhanced the cleaning power of the surfactant so 5on .
(relative toat4fbuteihsodjupodadecyibenzene sulforate Solutio) Antap 0) yéps diluted
ig”t ' |5but| "9 i ’é@;[;?qié% % tv%atglt tob{)}o%gwgszﬁ%wt Al solution.

PCT/ US97/ 04048  The aforementioned solutions, along with a solution ofEMAMYIEED3A, were
Myristoyl and ol eoyl ED3A acids were neutralized wi th aqueous sodi um )
hydroxi de  evaluatedt at pr conpentratiomefwi2.5%wi én & base detergemdi havapg the | foHewing

al kyl benzen% sulfanate, nanely, a 40%uw Al sodi um dodecyl benzene
sul f onat e sol ﬁ'ﬂ“gﬂ ’?%‘t repantan DS-40) was diluted 5 with distilled
dei oni zed water to produce az&ﬂm Al sol uti3gn wt% ' The

af or ggent i oned sol utions, al ggfuMi dafbGhated! Ut2008 wA% | auroyl ED3A, were
eval uated at a concentrati Onsﬁiurﬁzsuw i n a_q,ok.)ggﬁ%jet ergent having the

fol |l ow ng f or mul at - zeolite A
30.2 wt % 10 sodiom silicate, unf'c(z?};@%nat e 20.8 w%
sodi um sul fate 30.2 w9 ©me o : sodi um silicate
5.2 % . cnt &.'0 WtO/f'

15 The overall detergent concentration tested was 3.5 grams of detergent/liter of water.

Thus, the amount of dry detergent charged into each cell was 3.06 grams, whereas the
amount of liquid surfactant charged to each cell was 2.18 grams (using 20%wt Al
surfactant). The exact weights used are shown in Table 5 below:

TABLE 5

20 '
Surfactant ~ - - Surfactant Wt Detergent Wt
LABS 2.1876 3.0615
NaMED3A | 2.1880 3.0634

25 NaOED3A '2.1853 3.0634
LABS 2.1887 3.0648
NaMED3A 2.1890 3.0637
NaOED3A 2.1860

30

The surfactant portion of the detergent was added to each cell (containing one liter of
distilled deionized water). The pH was adjusted to 8.3 with dilute NaOH. The remaining
portion of the detergent was then added to the solution. The temperature of the solution

13




15 The overall detergent concentration tested was 3.5 grans of
detergent/liter of water. .Thus, the anount of dry detergent
charged i WO cel | was 3.06 grams, whereas the P%ﬁ??ﬁ’“w
liquid surfactant charged to each cell was 2.18 grans (using 20%M Al

sur f act antih. ea&']lneenxmmmgﬁnmdﬁqc{wﬁmshom in Table 5 bel ow
TABLE 5 20 Sur f act ant " Surfactant W
Detergent W  One milliliterojof protease) gpgyme (Savinase™ 16.0 3. types EX available

%é IO |6 12 m@eﬁbm%%vo N&%&dﬂm&d to 106 S &8%%’:3&!1“ deionizdd %vdﬁér |

LABS 43 ml of the enzyme sblitidly was then added to3thr€e! 8f six Tergotometee chllﬁand
Na%g %@ 3. 0637 Cell 6 NaOED3A
allowed to agclipate fogJO minutes. £, ve was added to cells 4, 5 & 6

The surfact ant %r iR ?H‘&d I
one liter of ©ofisr Bt g‘lﬁ’g& e‘?ﬁfbé&%qwat erﬂgé V&&% pH \(}gséaaéj ust e
8.3 wi t h detgotometexOntas id:twatahmd”ﬂhagwatches were washeid fon thiftytrhinutbst e&ﬁeﬂhmyas

age” added I Otes h%i,eso' Lfg' 20Ei jgagedéca%sr abne ?ue?'fotl Cﬂstﬂ?e% lgeko%jzed water was then
PCT/ US97/ Gia@é® to each cell and te @M weie!plactabatl hﬁbrdn@téﬁﬂtdnmerp WHIgH wid then

One milliliter of protease enzyme (Savinase* 16. pe EX "availl able
cder ci alactivated fonbl minpiesti SThe water was ahmidmnmmli ﬂle\l;eat Habiic walslreIMVed
dei oni zed

f th | h dd
Chree of - &H8 BHse]smapiese of yiite Girgbbast “niid FablE, i allonifh UEr By BvRgRE
i nut es. Reflectance wascﬁhamd @5ing '\Photoo6It Betecer with A ddtapent Riddand<

were placed in each cell and the tergotoneter was activated and
the swat cigseennéilter-waEourgreflectanpe measurementss werg reqorded fey each test fabric, two

\T/a? g? e\?\/as tr{i{as&@?&n‘f@b&r sk d(}ﬂgﬁ? %‘ggic%%%d and r?%e ISis)&&g rné géggé ack

i 150 t he tchagge inreflectancshdueito detergdney is Presented in Tabile Vat’ﬁﬂ: dhangelih reflectance

The water was then decanted and the test fabric was renoved and
pl aced on défeﬁPéBéY‘BF agHyity i showmi fablerds f apric was allowed to air dry
over ni. ght Ref | ect ance was rreasured usi ng a photovolt

detector with a deter gent head and

14
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green fi [t er WORJ(023% | ect ance rreasurerrents were recorded for eac t est

fabric, two rreasurerrents per .side. Initial and final reflectance
results are FTIow — change In reflectance due to
det ergency i 'Eﬂbé%éntgﬁﬂﬁfaq"&bygws The _change in reflectance due
to enzyme acflivity i $ shown in Tabllitigl Values :
PCT/ USO7] 0408 T %“%"n Ref?%&‘%'hce 38;‘““ Position _
Initial Val ufpCell # Cloth # Position®  Posititn (AYETage
igz;;ge - ! 1, K 10"%7“# o1 274 g%ps L2635 j268
26.9 ; 11 1313 26.26.9 |26.96.9 |27.27.1 |27.1 27. L270 27.0
2 21 26.3 26.5 27.3 27.5 26.9 |
2 17 2%6.9 | 267 273|213 27.1 I
3 19 27.4 27.3 2.5  |26.5 26.9
10 3 22 26.5 26.7 27.5 27.5 27.1
4 12 26.5 26.3 27.5 27.5 27.0
4 27.8 27.7 26.4 26.4 27.1
5. 2.6 | 264 27.4 27.4 27.0
5 27.5 27.7 26.7 26.5 27.1 |
15 6 24 26.3 263  |27.8 275  |27.0 "
6 23 27.5 27.5 26.7 26.7 27.1
After Wash
Position - Position  Position Position
| Cell#  Cloth # 1 2 3 4 Average
20 E 16 75.4 154|152 |754 75.4 i
1 3 |75 75 75.2 75.4 75.2 |
2 21 65.7 65.9 65.9 66.1 65.9 |
2 17 69 68.8 68.8 68.8 68.9
3 19 7.1 71.1 71.1 71.1 71.1
25 3 2 70  |69.6 69.8 69.6 69.8
fa 12 744 | 744 74.6 74.8 74.6 |
4 6. |76 76 76.2 76.1 |
5 70.2 702 |02  |704 70.3 |
5 71.1 71.5 71.3 713 |73
30 6 24 71.5 71.7 713 71.5 71.5
6 23 72.9 72.9 737 | 733 73.2

15




2 | 21 26. 3 26.5 27.3 27.5 26. 9 2

20

25

The linear alkylbenzene sulfonate deactivated the enzyme completely, and there
was no increase in brightness between systems 1 and 4. However, systems 5 and 6
produced significantly higher values than systems 2 and 3. In the case of myristoyl
ED3A, the presence of the enzyme increased brightness by 3.3 points. The n-acyl ED3A

was compatible with the enzyme.

16

3

17 26.9 26. 7 27.3 27.3 27.1 3. 19
27. 4" W 9340129 26. 5 26.5 26.9 10 3 PC"MJS97104048 26. 5
26.7 27 5 27.5 27.1 4 12 26.5 26. 3
27.'5 S e e = ©27.7 '26.4
. 26.4 ZYatile7 Delta RetEctance 5 . . 27. 4 27. 4
27.0 3 7.5 DT ~7 ! 26.5 27.1
15 il | Fingh 3 [ Delta; g f‘%watchz .5 270
6 zaCell # @lp.tb # | Avemge | Average | Averagg [7Averago7 {1
Af t er V\ad_ ' Pos) 1§ @n IPosi ti on Posi ti on
A Ler Yadhy 16 ., | 269, 1 754 o k83 . n
Aser age 40 13 3P0 752 4 48.275-4 48,3 75§ 75. 4
75. 4 . 3 AS =1 s 75. 4 75.2
2 112 6.7 2699 659.9 | 39.0 66.|1 64. 9 . 2
17 09 — 03. 8 3. 8 08. B q8. 9 . 3 19
71.1 2.1 1%1.1 27.171. 1] 68.9 71 n14b8§ 40.43 22 70
69. 6 8 69.6 9.8 12 74. 4 74. 4
S 6.8 119°9:% 12658 710 | 4f2 S a g
76.2 ¥6.1 122 - 271 [569.8 4972 | 43.40.2 70.2 70. 4
70.3 g 3 —A— 45 ol 71.3 " 71.3
AD % 124 270.5 |74.671. 71 47.6 71.13 71.5 71.5
6 4 2.9 ) 4 (3.3 3.2
Ye 4 $0 o7/ adib1” | 761 " [a9.0 " us.
PCT/ US97/104048 bl e {74 |t g | ‘ect
Initial _-DeL.t_a_-iasuat l-o'@e Eff_a CoH h # Average
Aver age Asleragq 3Average 27.1 713 75. 4 48. 5
5 . >F—0r ~T5—5— 2
21 (26 9 24 65.9 |27.89.0 27.1 68.9
| zz% 8 4 . 44,2



PCT/U %97/04048

%g. 1 .7:31. 1wo 97/44%2.90 48 3 ,",", "m"m J}uﬂ " 2;1. 0 70.3

43. 3 : What is clairled is: 43. 8 6
24 27.0 71.5 . 44.5 15 27.1 73.2
46. 1 45. 3 Tabl e 8: Change Due to Enzyrre Cell #

Del.t a Refl ect ance _
6- 3 1.9 1. A deteilgént ﬁ%m"?s.“r‘]&eha%%%?‘f‘ﬁenzeﬁ‘e&gb| fag(rllat esoms of N-acyl

dedcti vat ed t hethylenpdieminetyifctic| agid, avhereincsaid acyl group isvmstraighi ocbrancked aliphatic
bri*ght ness between systens 1 and.4. r e 5 and 6 25
produce§ si gni ?§ HPBH@P“@H}’%M s‘gps?%ﬁ%“g? In the case of

myristoyl §D3’fhe aéﬁrg&@é&ﬁsssnﬁsn P RIARZ Y "RheRs Sﬁa%ﬁz?xhh G sE1858d Tom
3.3 points. The n-acyl was conmpatible with the enzyme.
16 - the\iPooF /cdﬂﬂiﬂmg of proteases, amylases, lipases and cellulases.

PCT/ US97/ 04048 |
det ergent conposi tidn %%Fﬁehéc‘gmgéﬁﬂ%ﬁfﬁmnal's‘ﬁmmﬁ% sepyme i a protease.

et hyl enedi am net ri agetTfe aéibthent 6AhBbdHIGRbF CAGH|L, SVINEIN Bicadll PR bofthi |
branched al i phatic fbc?? aromat I C grgup cont ai ni ng fr%;mg%‘iih Opgans from

car bonl&t ons. 8 to 18 carbon atoms. 2. The detergent conposition of claim 1

ot cases.  anyl aves> i HEcOEagnl opmpesiion of SinTL BnéRiE' S HyCor Nacy

det er gent Comﬁﬁykh@dlaﬁin&hﬁeﬁbjacld’%%ﬁﬂkaﬁﬁi&alwﬁe is a protease.
4. The detergent conposition of claim1, wherein said acyl group contains
from 6. The detergent composmon of claim 1, wherein said salt of N-acyl
ethylenediaminetriacetic acid is an alkanol amine salt.
15 7. The detergent .com'position of claim 1, wherein said sait of N-acyl
ethylenediaminetriacetic a_cid is an amino alcohol salt.
8. The detergent composition of claim 1, wherein said acy! group is selected from
the group consisting of lauroyl, oleoyl and myristoyl.
9. The detergent composition of claim 8, wherein said acyl group is lauroyl.
20 10. The detergent composition of claim 1, further comprising a builder.
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(57) Abstract
Compositions including one or more enzymes and as the compatlble chelating surfactant, salts of N-acy! ethylenediaminetriaceti

acid ("ED3A"). Salts of N-acyl ED3A do not readily denature various enzymes, and thus are highly compatible with such enzymes, an:
enhance their detergent effectivencss to an unexpected degree.




