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However, this process is still in need of optimization in terms
of economics. In particular, the conversion is no longer complete

25 at high precursor concentrations above 50 g/l, or else the fer-
mentation time is greatly 1ncreased, which has adverse effects on
the economlcs of the process.

It is an object of the present invention to provide an improved

30 process for the biotransformation of carboxylic acids in the
presence of microorganisms which does not have the disadvantages
described above.

We have found that this object is achieved by a process for the
35 biotransformation of carboxylic acids in the presence of a micro-
organism, wherein a concentration, which is optimal for the bio-
transformation, of undissociated carboxylic acid is adjusted
throughout the biotransformation by controlling the pH.

40 The pH often changes very greatly in the course of a biotrans-
formation. This is influenced by a number of factors, such as
me tabolytes produced, nutrients consumed, and changes in the pre-
cursor to product ratio.

45 The pH plays a crucial part in the biotransformation of
carboxylic acids because its value fixes the proportions of the
undissociated and dissociated forms of the carboxylic acid. These
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20 The course of a biotransformation comprises various stages which,
however, mutually overlap and cannot be delimited absolutely
unambiguously. '

The first phase is determined by the growth of the micro-

25 organisms. For an economic process, it is desirable for there to
be a rapid build—up of productive biomass in the presence of the
precursor during this. As a rule, 25-50% of the biomass present
at the end of the biotransformation is formed in this phase. The
first phase generally takes up 10-30% of the total biotransforma-

30 tion time.

The critical factors in this first phase are the osmolarity of

‘the medium and the concentration of the undissociated precursor.

High values of one or both of the parameters inhibit the growth
35 of the microorganisms or are toxic for them.

The pH in this first phase of the biotransformation is therefore
advantageously controlled so that the proportion of the undisso-
ciated form of the precursor is from 1 to 30, preferably from 3
40 to 20, % of the growth~inhibiting concéntration.
) The growth-inhibiting concentration can easily be determined for
- a particular carboxylic acid and a given microorganism by simple
preliminary tests familiar to the skilled worker. In addition,
45 the pH to be adjusted can.easily be calculated from knowledge of
the pKa of the carboxylic acid and using the buffer equation.
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20 It is possible by this procedure to achieve in the case of the
hydroxylation of 2—phenoxypropionic acid to 2—(4-hydroxy-
phenoxy)propionic acid complete conversions (>98%) at the end of
the biotransformation within 10 days with product concentrations
of >100 g/1.

25
The process according to the invention is suitable for the
hydroxylation and epoxidation of carboxylic acids by biotrans-

~formation. Aliphatic and aromatic, preferably cyclic aliphatic
and aromatic carboxylic acids are suitable.

30 .

The hydroxylation of carboxylic acids which have an aromatic
radical (aromatic carboxylic acids) is particularly preferred.
The regioselective hydroxylation of the aromatic radical takes
place particularly well using the process according to the inven-

35 tion. The process according to the invention can be applied to
the compounds described in DE-A 39 10 024, DE-A 41 34 774,

DE-A 41 34 775, DE-A 41 42 943, DE~A 42 20 241 and )
DE-A 42 32 522. ' '

40 Particularly suitable microorganisms for the process according to
the invention are fungi and bacteria. Examples of suitable micro-
organisms are described in DE 39 10 024 or can easily be found by
the processes described therein.

45
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20 It is possi bFe/by this procedure to achieve in the case of the

- hydroxyl ati on of 2-phenoxypropionic acid to 2-(4-hydroxy- phenoxy) propionic
acid conplete conversions [err] - at the end of the biotransformati'on wthin
10 days with product concentrations of >§00. g/l. 25 The process according
“to the inventParticnlaglyappitakie mierppuganisng ifor 4he epeverriaroriof

- car boxyl i ¢ ac2-gshdmpxlypropiaosic farithtingn. 24 4 ghairnoxyphenaxyymtaopionjcefieidbl y
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~hydroxyl ation of carboxylic acids which have an aronatic radical (aromatic
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~ the invent gen are fungi and bacteri a. anpl es of suitable mcro- organisns.
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for the conve?sitP HAosrpRREREMAN AR oRF ci¥ed REASESses are applied, in

2- ( 4- hydr oxy peteimix precopsoni &s daiigial byt presendt anfleigecaddas congénueusly Pre
- bi ot ransf or reiatrnitteaslig.rul e, carried out by cultivating mcroorgani sns
in a nutriggt nmedium which can, if required, _

- Addition during the biotransformation is particularly preferred
because, in this case, it is unnecessary for the complete amount
of precursor to be present at the outset, which often meahs that_
there is a great osmotic stress on the microorganisms.

20
Furthermore, the addition of a source of nutrients, such as of
carbon or nitrogen or of carbon and nitrogen, during the bio-
transformation is also a preferred embodiment.

25 Particularly suitable microorganisms for the process according to
the invention are those specially adapted to the osmotic condi-
tions of the biotransformation (high osmolarity).

Organisms of this type can be obtained by classical mutagenesis
30 by means of radiation or chemical agents and subsequent selection
for growth in the presence of large amounts of precursor/product.

It is additionally possible to use transposable genetic elements
for the mutagenesis.

35 ' '
However, organisms of this type can also be selected in con-
tinuous culture from a population of less adapted individuals by
adding increasing concentrations of precursor/product in an
appropriate manner to the medium flowing in.

40 :

The invention is illustrated-further by the following examples.

Examples 1 to 4 describe a biotfansformation without the pH con-
trol according to the invention, and Examples 5 and 6 with pH
45 control.
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al ready contain the precursor and, after conversion is as sub- stantial as

possi ble, isolating the product fromthis mcro- organismculture broth and
purifying it where appropriate. 10 Howevegr, the precursor can al so be added
only during the course of the biotransfofmation, or m xed processes are
appl ted, in wWBF¥PI® dcursor is initially present and is added continuously
or intermttently. Addition during the biotransformation is particularly
preferred becpisgardticnhbs 2-ase-hydrokypHENCHETIDPLohRE aAdiRd GdhbatepRronnat
of precursor {popedy Geeatidy iNGOWRther Woeidd N niBANEnidat there is a

;great osnotjpc stress on the mcroorganisns. 20 Furthernore, the addition of
a source of "nutrients, such as of carbon, or_nitrogen or_ of carbon and

| nitrogen, durFhR) RERSSFuze fesaeibaddm GHlFsE%ﬂ@R9€afﬁF@FEFr%QF?nﬁH%fWﬁEnF9r25
Particul arly the tRUsparstiedorfatr A yREPXYRRerPBIRIOPAOBSE dRFHA tRY t he

i nvention ar eféimsarratieni ablyespiapise ol ahehprossthiviec desadibed iloms of t he i
bi ot r ansf or mepga0 Jhii@hoegool arity). Organisns of this type can be obtained

| by classicgh nutagenesis 30 by neans of radiation or chenical agents and
subsequent sel ection for..growh in the presence o ar anount.s of
precursor/proéﬁﬁﬁfeéﬁ:mfgfgdgft cﬁﬂﬂlccwﬁggstﬁ¥953§|ﬁ§§ gﬁﬁn@fﬁﬁﬁ§§Q§e§énﬁ??c
| el ements for RperiAntageddumsD wes 1Rpppperd EpFdrhes malsr cubtdreype can al so
' be selected in con- tinuous culture froma popul ation of |ess adapted

~individual s by addi ng increasing concentragtions oféfrqcur°or/_rod ct in an
appropri at ggnmanner to the medi um fl owi ng i|Medigumr| Mediyand i Madivg | Medium
illustrated further by the follow ng exangdl es® Exqnpl8s 1|to % degcriBe a
bi ot r ansf or matdlaroeet hout the pH con- grdl| acz®rdiing 20 the i4ovengi ohpoand
Exanpl es 5 ant G ui ol IEL AR deERh 971 | 50 65 85 a5
Yeast extract _ g/l 10 10 10 3
20 Urea g/l ] 0 0 2.1
MgS0O4 * 7 H,0 g/l _
CaCl, * 2 H,0 g/l 1 1 1 1
KH,PO, g/l 0.75 0.75 0.75
25 K2HPO4 g/l| 1.8 1.8 1.8 | 1.8
Trace element solution g/l 50 50 50 50
Antifoam P2000 g/l 1 1 1 1
30
35
40

45
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0050/ 44831 5 Exanple 1 Preparation of 2-(4-hydroxyphenoxy)propionic acid

w thout pH con- trol and nmetering in of further sources of nutrients 5 The
procedure described in this Exanple for the main culture for the
preparation of 2-(4-hydroxyphenoxy)propionic acid by fermentation
~corresponds t“&?atq?eeéle%%'élu“?%l‘ﬁ@é’@rl bed in DE-A 39 10 024. 10 Nutrient media
' A, Band C were prepared for the precultures, and nutrient medium D was
prepared for the main culture. [err] 6 Trace elenment solution [err]
2- Phenoxypr op2olli B28Rsi d was dnpl 8yed i n™hé form of a 50% strength aqueous
sol ution of tgtﬁﬁp ot D 0 mourea errﬁbg)yed in the main cul ture was
ésterlllzed%y st.a., ap . fosphat es were aut ocl aved
: separately, ﬁg B‘Eher ?6 Stlt Her. _After the various fractions
had been corrbi'lnédt; % e Ha®l was 3@j0usted mg/8.8 with NaOH. 25 Beauveria

bassi ana (GWWWt hyl - N -nitrosoguani di ne
[sic] mtage e-nee—e-f——l—@@—%;:of 2- phenoxypropi onic acid at
pH 6.8 in {4 qfe®Pxul ture. A dor P8spondi B§” ket hod for preparing nutants
usi ng N-net hybecbb -ni& meogugni @one i s mg/be found in Bi ochem Biophys.

Res. CuCl, * 2 H,O 20 mg/1
Nicl; * 2 Hz0 20 mg/1
NasMoO, * 2 Hy0 5 mg/l

15 -

2—Phenoxypropionic acid was employed in the form of a 50%
strength aqueous solution of the Na salt.

The urea employed in the main culture was sterilized by filtra-
tion. Glucose and phosphates were autoclaved separately, the
other constituents together. After the various fractions had been
combined, the pH was adjusted to 6.8 with NaOH.

20

Beauveria bassiana (CMI No. 12942) was obtained by N-methyl—
N’—nitrosoguanidine [sic] mutagenesis in the presence of 100 g/l
of 2-phenoxypropionic acid at pH 6.8 in liquid culture. A
corresponding method for preparing mutants using N-methyl—
N’—nitrosoguanidine is to be found in Biochem. Biophys. Res.
Commun. 18, (1965) 788. The selection for growth in the presence
of high precursor concentrations was carried out by 5 passages
in submerged cultures. The strain obtained in this way is called
Lu 700 and is used for this and the following Examples.

.25

30

The strain was cultivated on agar plates as working cell bank for
preparing. the inoculum. The agar plates were prepared by adding
agar in a concentration of 18 g/l of medium to medium A. Transfer
to new plates took place every 14 days. 1 to 3—week old agar
plates were used for the precultures. '

35

40 :
The preculture was prepared by introducing 100 ml of sterile

medium A into each of four sterile 500 ml Erlenmeyer flasks. The
flasks were inoculated with a small piece of mycelium of the
strain Lu 700 from an agar plate and shaken at 28°C and 250 rpm
for 2 days. This was used to inoculate a fermenter containing 9 1
of sterile medium B and incubated at 800 rpm, 28°C and an aeration
rate of 1 VVM for one day. 0.45 1 of this culture was used to

45



30 Commun. 18,()0??58?)83‘}88. The selection for growmh in the presence of high
precursor concentrations was carried out by 5 passages in subnerged
-cultures. The strain obtained in this is called Lu 700 and is used for
~this and the follow ng Exanples. 35 The Strain was cultivated on_agar
‘plates as woriderpledel abiarmenie cOBARLALNY HD I Rfc fedinm TR angy dikgwases

- were prepar edimyubateidngtagad ipma 2860cand raat iamragfiofSrate aff INWH¥Mufiot cone

- medi umI At Tr o} £ITHi@ &ﬁmaL@&mﬂ@%sphm ﬁb’qrmbclﬁadé%’?he Imdia %umakegldd
. agar at es I ul eculture was prepare
gar p V@f%% m% L@bl& §n &Ce E&!i&imsﬁ :H?@l%% prep

- by |ntroduc# sterl |um of four sterile 500 m
- Erlenmeyer Tlasks. The flasks vvere |nocul ated with_a small piece, of

“nycel i um of tTR 9% THiA/ L FORIEH SASYRING & & QAMeHHKRR ¥es| tRoqulated
. 250 rpm 45 f orith dapsl FhAi theathirseguilburecand dincubatednurdey thensamai ng 9
i 1 of sterile omtbating eodditbenmtasd the béviquy f23menaeards afomcfinve daysat e

~of 1 VWM for m@ﬁaamasonéé doPirdiNied . Coht UsIGatesS 1S Bt aenng QD /ed4R3At -
'8880“' ate JIF oy r888£§é5“ J23 %h% gki"%w Geidn Lé féMmea 's%ﬁt;&gt s at
culture WB? BN RO HR S SLITE T SOROEBTTRT A O APEe YiSE
f ol | owi ng Exa?&)lléﬁ usingothe Bephyinger Magphedm testakit Mp-o 71 Goﬁsﬁeo?"tﬁntlbe
was i nocul at ecbnwernsi@nowas odetémniniedr dycgas wheamadogrephnt €3 ukyethehe sane
oper ati ng conméthicandleasribed pie\DEMAS 3bel get2£s THeOsthhdardawsedl forplicwas
not cont rOhkthalmsceamgsra&&Hw@%I BachdifieaRpias Jf zLEﬁanwﬁfWrA%d
At the end of the a]‘(?%{ Z@h%?gg&gg%léﬁ@\é%?ﬁand e gl ucose

concentrati on was usi ng e Boehringer Mannhei m

test kit No. 716 251, and the
The molar conversion was found from the concentrations of

2—phenoxypropionic acid and 2—({4-hydroxyphenoxy)propionic acid

20 determined by gas chromatography and using the relevant molecular
weights. The amount of product formed per fermenter at a par-
ticular time was determined from the amount of precursor employed
and the molar conversion.

25 The following results were obtained after 5 days:

Time (days) - : 1 ] 2 3 4 5
pH - 16.9]5.7}5.0]4.8] 4.7
30 Molar conversion (%) : 98
Glucose (g/l) - ' ' 0
2—(4—Hydroxyphenoxy)propionic acid (g/l1) ' 52.5
Amount of 2—(4--hydroxyphenoxy)propionic 483
acid (g) per fermenter
35
Example 2

Preparation of 2—(4-hydroxyphenoxy)propionic acid with a higher
40 Precursor concentration

The sequence of precultures described in Example 1 was carried

out with the strain Lu 700, and a fermenter containing 9 1 of

medium D was inoculated with 0.9 1 of the 3rd culture. However,
g5 in this case, medium D contained 100 g/l of phenoxypropionic'

acid. The operating conditions detailed in Example 1 were set up.

The pH was not controlled, but the change with time was recorded.
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conver si on was ae{ermsned by gas chromat ography (GC) by the nethod

described in DE-A 39 19 024. The standards used for GC 15 anal ysis

calibration were .authentic sanpl es of 2-&2enoxypropi onic acid and

2- (4- hydr oxyphenoxy).propi oni ¢ aci d. The | ar conversion was found fromthe
' concent rat i orfs SH¥PAEpWRR KSR AIGETCSarPY hritRYE- eBdhBERbYGRth %0 SPPEFERRDNI ¢
- acid 20 det erim Bxampyeghs chronmat ography and using the rel evant nol ecul ar
; wei ghts. The amount of product formed per fernmenter at a par- ticular tine

was determ ned fromthe anmount of precursor enployed and the nol ar
conver si on.szwiﬂiée(dayé)ovm ng results werelodteﬁ ned3afift dr |5 Gayq: 6li e 7
(days) ) 117.817.2 771 |6.8 P6.3 |6.4| 6.5
6.9 5.7 5.0 4730 Molar —coRvershof—{34 :
- 98 d ucose (gnp}ar conversion (%) 19 0 2_(25
- 4- Hydr oxyphengiuepsopigfuc acid (g/l) 52.6 dsount of 0
2-(4- hydroxyp%gz_;_\_ \EE’ ) [OmTC A8 =TT 2593 peT 59,
f-erment er ﬁg Eﬁéggii]g Ei%?ﬁrca&j:i)g (gfflg-(4- hydr okyphdnoxy}) Bf opiloni c| aci
\Mthah|g er. segienc of oL e
described in BREHPFCE was carried out Jith fthe ptrailn Lu 287, land h 247
fermenter confai ArRYLPHYRYCNAEY)BEPRI Wad i nocul afed With 0.9 1 lof the 3rd
_culture. Howe®BLS 281¢ (FhiPETcECERERHRE ym D lcont hi neorI 100f g/ 1 of

phenoxypropi onic acid. The operating conditions detailed in Exanple 1 were
- set up. Thgspg,;{‘wa ngt controlled, but the change with tine was recorded.
' 0050/ 44831 8 asngﬁﬁ was taken after 5 and 7 days and anal yzed as

| descri bed
5 Preparation of 2—(4-hydroxyphenoxy)propionic acid with addition

of the C source and increased precursor concentration

20 7pe sequence of precultures described in Example 1 was carried
out with the strain Lu 700, and a fermenter containing 9 1 of
medium D was inoculated with 0.9 1 of the 3rd preculture, the
glucose concentration in medium D having been changed to 60 g/l
and the 2—-phenoxypropionic acid concentration having been changed

25 5 90 g/l. The fermenter was operated with the values described
in Example 1 for the temperature, aeration rate and stirrer '
speed. As in Example 2, the pH was not controlled but the change
with time was recorded. From day 2 to day 3, 250 g of glucose/
fermenter/day were added in the form of a 55% strength solution.

30 A sample was taken after 5 and 7 days and analyzed as in Example
1. The following results were obtained: '
Time (days) : 1]l 2 ]34 5 6 7

35 pH 7.2|6.9)6.6}5.7] 5.7 |5.7} 5.5
Molar conversion (%) 28.9 | 28.9
Glucose (g/l) ' : 34.5] 35
2—(4—Hydroxyphenoxy)propionic 28 29.2
acid (g/l) :

40 Amount_of i 257 257
2—( 4—hydroxyphenoxy)propionic
acid (g) per fermenter

45



in Exanple 1. 0950/4?8ays) 1 2 3 4 5 6 7

pH 7.37.27.16.8 6.3 6.4 6.5 Mlar
conversion (% ' _ 19 25 d ucose (g/l)
15 0 2- (4- Hydr oxy- 9 22.3

29.8 10 phend&aAmm&pidoni c acid (g/l) Amount of

187 247 2-(4-hydroxyphenoxy)propi- onic acid (g) per fernenter 15

Exanpl e 3 Pr epaipiria@ionf of - -4t dutliaesxpPrensyy Jirepionie asidl withh aaddtiénn
of the C sourse ARl ahACReRSEELd i1 ABEoR008 PHdcRsBE onddifaaguance of

precul tures. described in Exarrp was carried out wmth the strain Lu 700,
and a fernenter containin 1 of rredl um D was inoculated with 0.9 1 of the
3rd precul t urBe Sgaug PﬁEoéJE l&ﬁﬁ!’éﬁt"l’&?l gReFHiRA LB EEARELS rf'g "f?éeﬁaﬁﬁéﬁ%ed
to 60 g/l ancPLIMe!'lZ-hpﬁbﬁoR‘sdf:ﬁFJéplIGh|7<9°acﬁe|d@rﬁ@#@&??o@hﬁim@%@eh efianged
25 to 90 g/| .mekdienf & waat noowisatedewdtrdowd th dfheheaBnésprsmditidre] the
Exanpl e 1 forgidisectBRESAEFSEIiALIA MBALGRAIE M NGt bEER cHARRE t0S Gbngll

Exanpl e 2,16% g%_gg &g@;gﬁbﬁﬁc yila 12 ERAPERC I thalds

ban
d
AR AN gf% 94iar The chsrak g sratfEiPus, bRt Sgpad do) °$ea‘2 89””

anal yzed as it BXample W%I‘HWHEN‘F%E‘L‘H%‘%"V\EF@ St P sPil H%t s)
1 2 3 4were5@eter3d 1n7bqn;qmuously in accordance with the folloglggg 6.6

5.7 5.7 5. erikedxil®l ar conversion (% 28.9
28.9 G ucosge (g/l) _ 34.5 35

2- (4- Hydr oxyphenoxy) pr opi oni ¢ 28 29.2 acid (g/l)-
40 Anount of Start |End Rate (basedmh 100%

2- (4- hydr oxyphenoxy) pr opi oni c substance)

Glucose 55% strength (W/W) |Day 2 |Day 9 |340 g/fermenter/day
20 Urea 6.75% strength (W/W) |[Day 2 |Day 9 6.75 g/fermenter/day

The pH was kept constant at 6.5 or above with 5 M NaOH by an ap-
propriate control system, and the actual value each day was

recorded.
25

Samples were taken from the fermenter after 5, 7 and 9 days and
analyzed as described in Example 1. The following results were
. obtained: ' '

30
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acid (g) per fogrsr?e(ri*t‘lesr3145 0050/ 44831 9 Exanple 4 Preparation of

.2- (4- hydr oxyphenoxy) propi-onic acid with addition of-a C and N source and

i ncreased precursor concentration 5 The sequence of precultures descri-bed .
.in Exanple 1 was carried out with the st}@in Lu 700, and a fernenter
.containing 9 ITrisde madiysm D was i no¢uiaferl fish|os9|1s0f Ittle 3rd [Precjl tar e,

“the glucose ¢ V3 3 8¢ =
' the 2- phenoxydropionic acid cancen Eg% ﬁ?’\é m'uy T' ben rcngrhégnrﬁjrgnw > )ﬁ'§

" The oper at i ng M3#di erarsreteR dong t o]t hose descr | Bedt Exa®p? ¢ 1. JDBYing

1n cpnioi nfiousfy o n

4

n

t he ferrrent%th:lmcotsﬁe( pijow ng solfutipns ywerelnetprad 1n

accordance W ettt +——rt R LUCE
%115 3 .

100% subst ance) ‘¢ 3§§8x %Ialgt\rJeln t(krl”(IN\L/\; 5;1;[2 %§;:§9
“g/fernenter/d X BROBTTEYS 88t Bigth| (WW  pay P Daj

9
6. 759/ferrremergl y The pH was kepl copstant al 6. 5 or Qv

by an ap- propmosnd eéntrol system| andl the ac{ual | #20u¢ e
~recorded. ag SrfprdyRerE-t aken fromthe f rmefiter|aftef 5,
and anal yzéd 2hepo3y)pbepiomierasple 1] The foll ow ng résul

obt ai ned: 30 3®) per fermenter

A NaCOH
was 595

9 hays

UV

Example 5

15
Preparation of 2—(4—hydroxyphenoxy)propionic acid with pH control

The sequence of precultures described in Example 1 was carried
out with the strain Lu 700, and a fermenter containing 9 1 of

20 Medium D was inoculated with 0.9 1 of the 3rd preculture, the
glucose concentration in medium D having been changed to 60 g/l
and the 2—phenoxypropionic acid concentration having been changed
to 90 g/1. The fermenter was operated under the conditions
described in Example 1.

25
During the fermentation, the following solutions were metered in
continuously in accordance with the following criteria.

Start |End Rate (based on 100%
30 : substance)

Glucose 55% strength (W/W) |Day 2 |Day 7 |320 g/fermenter/day
Urea 6.75% strength (W/W) |Day 2 |Day 7 6.75 g/ fermenter/day

35 The change in pH was controlled each day with 5 M NaOH in
accordance with the values indicated in the following Table. A
sample was taken after 5 and 7 days and analyzed as described in
Example 1. The following results were obtained:

40

45



40 45 0050 PP A4 i e (days) 1 2 3 4 5 6

8 . 9 pH "6.9 6.6 6.5 6.5 6.5 6.5 6.5 6.5 6.5
Mol ar  conversion (% - 36.1 - = 59.5 67 5 d ucose
(g/1) 1 11 0 0 2-(4-Hydroxy-
36. 3+ 4% ime (daPs) 7 phenoxy)prop| onijci1a¢i @ (g3l )] &npust ¢fe | 7 .

: 320 528 = = X L OLTH | Ao m T
fermenter Exarﬁﬁ e 5 15 PLpnara'r ion of 2-( ?Fé lu’)i;‘ ETHJ% 1%5(?; f:’{& ($1J.’_‘LL _S.cfr‘r’l d
“with pH contr diolpwe conyersten dit)precul tur s déscribed|in Ex@mple 1{weg
carried out widihddae %ymnlu 700, and affrerfgent ¢r contafnig|9 1{oig20
medi um D wag +-R—0—O0—F—ot—4 &%L%t,a%t;rv,“:,% PG
concentration 47 r{dm%‘ﬁfi X?‘h%Rﬁ"ﬁfdPEé’Bh%ﬁ% to 60 gl ahd ‘th |

2- phenoxypr opl ' | eenichapgedito __The .

- fermenter was Axpangt of under the conditiofps déscrqbed|in HéBPplle 1] 889

During the ferdrdit-ayioaxyphrnaxy)pspphgniel ut |

~ ¢cont i nuousl é
(based on i
A ucose 55% strengths(WV\) Day 2 Day 7 320 g/fernenter/day
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0% 30 subst ance)

Example

Preparatlon of 2—(4-hydroxyphenoxy)propionic ac1d with pH control
and meterlng in of precursor

The sequence of precultures described in Example 1 was carried
out with the strain Lu 700, and a fermenter containing 9 1 of
medium D was inoculated with 0.9 1 of the 3rd preculture, the
glucose concentration in medium D having been changed to 60 g/l
and the 2-phenoxypropionic acid concentration having been changed
to 90 g/l. The operating conditions correspond to those described
in Example 1. During the fermentation the following solutions
were metered in continuously in accordance with the following
criteria:

Start |End Rate (based on 100%
substance)

Glucose 55% strength (W/W) |Day 2 |Day 9 |350 g/fermenter/day

Sodium 2-phenoxypropionate |Day 4 |Day 6 | 90 g/fermenter/day
50% strength (W/W)

Urea 6.75% strength (W/W) . |Day 2 Day 9] 6.75g/fermenter/day

The change in pH was controlled each day with 5 M NaOH or
2 M H,804 in accordance with the values listed in the follow1ng
table of results.

Samples were taken after 5, 7 and 9 days and analyzed as
described in Example 1:



Urea 6. 75% str g‘;’t’ﬁ%/\) Day 2 Day 7 6. 759/ fernment er/ day 35 The change
in pHwas controlled each day with 5 M NaOH in accordance with the val ues

indicated in the following Table. A sanple was taken after 5 and 7 days and
anal yzed as described in Exanple 1. The ¥®l1owing results were obtai ned: 40

25 -7ooa0/ 4483 hel tadiysp (days) 112]3]a4 s1 1 & 3 |48 | 9

p Stz el o g Lc o 58 .5 [N I(Jl.r
conversi on (%PH 7.116.5 ?.%4?.1 6.1 |6, S 1511 sL‘i
5 10 zl(draqupnxgpetmmxﬁ))pr Dpi ofii € . 67 8578 29 96
acid (g/l) An@i@lfcogb (g/1) . 1 SR 3000
2 (4 hydr [0) ¢ phnnnvxl -S4 H~-H—E QQLA /tg) pCr £ Rt 1.0 Szvaml o-b

; F— pl-e

Preparation ofX 4-BYATY 8‘% henoxy] propi on|c agid Wi th pH chnifol 15|03
netering in of® é‘é'r) bYP "s%‘c'] nce pf plecu)turles descriped ip Exprple 1
was carried o h the strain Lul700|l anb a fernpnterfcontainihg 91 of
medi um D was iAwgemittab€d with 0.9 1ljof {he ;rd br ecul668r g, t p0RD| gl ugddes

. concentrat |1§n 3 4mbafduex?- havi ng bgen gthanped to 6D g/1{andfthe

‘ 2- phenoxypri Opirhenexyipropienienacdd | on havi hg bpen fhanggd tp 90 ¢/1.|The

1%

operating condid)i #85 ermentgind to|thope dpscr|bed|in Ekanple 1.[Dur|{ng the
| fermentation the follow ng solutions were netered in continuously in
' accordance with the following 25 criteria:
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Start End IQaqseO/(%q‘a%:‘e]d on 100% substance) G ucose 55% strength (WW Day 2

Day 9 350 g/fernmenter/day 30 Sodi um 2- phenoxypr opi on 0
. g/fermenter/day 50% strength (WW Urea_g. 75% strengTEﬁ!@w E ﬁay 9
6. 759/ fernenter/day 35 The change in pH1 s controlle L 5 M
NaOH or- 2 M[err] in accordance with the values listed in the follow ng
tabl e of reswet glafanpl es were taken after 5, 7 and 9 days and anal yzed as

40 described in Exanple 1: 45 0050/ 44831 12 Ti ne (days) 1

é.l 36.14 5.§§ 5g7%rggigimﬁoégthe %iBtEansZo'mation of carboxylikt @c2df £ 6.1

0,
85 %9 g G(P&s@’f@?‘?ﬁea rofC %mlﬁgg:gé:gzng nism, wherein a copcentration
3 2-(4-Hydroxy- which is optimal for the biotrangformationg-pf undiss26§ated
- phenoxy) pr opi oni caxbodyli¢ | jcithdsgnadinsted throughout the biotransformatiorngg
1012 1178 %y ¢oh¥d6Dking MheppaNOXY) Propi oni c acid er fernenter
15 20 25 30 35 '(g) P
10 2. A process as claimed in claim 1, wherein an aromatic

carboxylic acid is used for the biotransformation.

3. A process as claimed in claim 2, wherein the biotransforma-
tion is a hydroxylation of the aromatic nucleus of the
15 carboxylic acid.

4. A process as claimed in claim 3, wherein the biotransforma-
tion is a para-hydroxylation of 2-phenoxypropionic acid.

20 5. A process as claimed in any of claims 1 to 4, wherein a
source of nutrients is metered in during the biotrans-
formation.

6. A process as claimed in any of claims 1 to 5, wherein a
25 precursor is metered in during the biotransformation. -

7. A process as claimed in any of claims 1 to 6, wherein micro-
organismé which have been specially adapted to the osmotic
conditions of the biotransformation are used as micro- '

30 organisms.

8. A process for preparing 2—(4-hydroxyphenoxy)propionic acid
from 2—phenoxypropionic acid using a biotransformation as

claimed in any of claims 1 to 7.
35
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40 45 005Qp=a884833 \\¢ claim 1. A process for the biotransformtion of
carboxylic acids in 5 . the presence of a nicroorgan
concentration, which is optimal for the biotransformati m nﬂgﬂ‘m ﬂﬂj& lﬂt ed
car boxylic aC|d i s adjusted throughout the bi ot r ansf ornatsi on =1 Ng
the pH 10 2. A process as clainmed in claim1l, wherein an aromatic

carboxylic id. i ed_for_ the bi tra sfo rrat | & PLOCESS, as Ial med -
h ol aim 2, PR AR B R A FE SN T AR APosP PR SR e
aromati ¢ nudHEFOCEAapEEm 15 carboxyllc aC|d 4. A process as clained in

claim 3, wherein the biotransforma- tion is a para-hydroxyl ation of
2- phenoxyps Gypsimactaci d. 20 5. A process as clained in any of clains 1 to
4, wherein a source of nutrients is nmetered in during the biotrans-

formation. 6 r%cQEsQCEéE ‘@ﬁe Cﬂﬂtﬁpa s'fBrﬁQM:L&fx &t Q‘!aﬁ'ﬁo&zﬁ.@c SacdE':§] nd 25

O afmed | n BRCESHoS) of la Wiodlhdokyity %gﬁ%’%’?%mor Rt rathat e Been
specially a (P&%ﬁ%t &or hEh%sm‘P@'k?(fﬁJF“FFbﬂ% oPf (HRdLFSeCLakeR FHRITI g e

used as M@rasidids adjustedithupughoutAthecbbotrinafoymaienny controlling
2- (4- hydr oxygteeiptixy) propi oni ¢ acid from 2-phenoxypropionic acid using a
bi otransformation as clained in any of clains 1 to 7. 35 40
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45 THE% bi o?or%or(sﬁ%sr%tlon of car boxyl ic acids in t‘he presence of a

m croorgani sm5 Abstract” A process for the blotransfornatlon of carboxylic
acids in the presence of a mcroorganism wherein a*concentration, which is
optimal for the biotransformation, of undissociated carboxylic 10 acid is
adj ust-ed 't hr oughout the bi otransfor_mation by controlling the pH 15 20 25
30 35 40 45 The biotransformation of carboxylic acids in the presence of a

microorganism
5 Abstract

A process for the biotransformation of carboxylic acids in the
presence of a microorganism, wherein a concentration, which is
_ optimal for the biotransformation, of undissociated carboxylic
10 acid is adjusted throughout the biotransformation by controlling
the pH.
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