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Abstract

The aim of this PhD was to investigate options to make building blocks for “bio-based” polymers from
fatty acids and to invstigate polymer formation. The focus during the first part of the PhD at the University
Graz was on the CYP152 family which are P450 peroxygenases that utilise fatty acids as natural substrates
and can be used for the biocatalytic B-functionalization of medium chain fatty acids. Enzyme candidates
of the CYP152 family were selected, expressed, purified and the conversion of medium-chain fatty acids
was investigated. The primary objective was than an upscale of the production of a-hydroxylated fatty
acids.

The secondment took place at the company B4Plastics where the main aim was to find and select possible
strategies to design and produce bio-based polymers from a-hydroxylated fatty acids in an industrially
oriented framework. Initially, a protocol was developed to synthesize alkyl lactides from a-hydroxylated
fatty acids. The emphasis was placed on the utilization of a a-hydroxylated fatty acid successfully
synthesized in the initial phase of the PhD. For the second step the idea was to synthesise a copolymer
using L-lactide. The reaction conditions for ring-opening polymerisation (ROP) were optimized by applying
different temperatures, conducting the reaction in an organic solvent or solvent-free and by using
different catalyst as Sn(Oct)z, BiPh2Br and lipases and initiators. Moreover, the effect of the aliphatic side
branch was analysed by determining the melting point, molecular weights, glass transition temperature
and crystallinity of PLLA and the newly synthesized “bio-based” polymer. Latter is expected to show higher
biodegradability than PLLA.



Visual Summary — Poster

Biocatalytic access to novel functional building blocks and their materials
Klara Bai !, Stephan Vrabl', Haris Rudalija?, Mattia Lazzarotto?, Stefan Payer?, Tom Gheysens?, Jolande Celis?,
Stefaan De\Mldeman’ and Wolfgang Kroutil'

* Inatitate of Chemistry, Dy of Orzaric and Bi Ui of Craz, "Eravan Biccaminiz CmbH, Craz and "S4Plastics, Selztum

£im of the project:in this project, whars the first part took place 3¢ the Universy of Graz in Austriz and the sacond part at the company B4Flastics in Balglum, noval “blo-based™ building blocks and
thair oligo/poh wers produced bazsd on a-hydroxylated fatty 2cds cbtainad via b lytic & of fatty ackds.

POy

Durudnﬁstpanththmm\dp.tmbrﬂurw-M d b ly ydroxyl; of medum chain facty acidz was devslopad, requiring biydrogen p d
2 the only stokchiometric rexgent. The enzyms P450, " chowed high regio- and ! y for tha zut caproic ackd [CE, conv. 95%; 70% o-2-OH C6 a.0.81% (5)] and waz
active towards longar chain dicarboxylic acids like 2zekaic 20k (nomanediok: acid, conv. 68%) and sebacic ackd (decanediclc acid, conv. 39%) with 2 riable ch /o y for mono-hydroxyt;

P430, @ alowed to achieve axcellent converszion for the fatty ackds caprybe (C2) and capric ackd (C10. >99%) with up to »F7% () e.s. Thess results Jlowsd an sficent and sclable process to
produce a-hycroxylated fatty acids. In summary. TONz of up to 42000 ware achierad for the comversion of C8 on preparative zcale using P450,, 2 citalyst at zubstrate concantrations up to 150
mM giving the daezired product In gram quantities(Table 1)

Tabia |:Pre o zana: 24 C8 CI0 and 0k with PAS0,_ and PASD,_; adaoted from Baceert et ol
Enry Substrate s-;:q-n Enzyme Total KO, [mM]  GC-MS conv. [X]* Isolated yiekd (%) ToN

) (=] 0 Pas0, . 0 =59 55 030 ma) 93 EEEE)

2 =3 50 Paso_ 120 =59 25 (401 mall 54 6% DLOH 16567

3 cs 100 PasO_ 150 =59 B7 (1260 mel>534 33333

4 = 150 4SO, ] 0 nd 2000

H s 150 PasO,, 150 % nd 42000

& cio 10 Pas0, 20 b nd nn

7 sebacic acd 0 PSSO, 0 =59 29 (26 ma 295 EEE

8 sebacic acd 50 PO, 120 = nd &3
Tason 220 Do, oi TAL S0 (TN« ey ack (13 30, 100 o 150 mi) ang curfiec eomre G D, 0 s Sl
mannmmum:—uuu-’u%o,-mm.-—vpmwuumo---- ;. 2éwas
I ome 20 s h e N

3

gl Purts T\ was ciicdated baoed oo GCIT am

Viekd FNr TeCONd S BIIN IS,
-0 618 GCArm 2-00 30 -0 oroduc 16K GC-ares e 75 GC-arwa, reectvelr,

The synthests of the 3 é-dbaxyl-I 4-dioans-2,5-dions as for polymar synthess was fully hed. Tha reaction was carried out In toluena using HTsOH 2z ctalyst
and rezuted In 2 orystalling product [7 g (79%)]. Initial exparimants were carriad out to replace tolssas and pTzOH with o-imoeena 25 solvent and Ambarkea™ IRCI20 H a5 anlyst. Furthermors:
tha symthasts of PLLA and PLLAHPLA using threa disrant catalyzz, lipazas, Sn(Oct), and BIPh B waz wsstigatad. Furthar op ara required for snTymatic ring-cpaning poly asit
currsedly yisldz cely zhort ol Tha polymarz that wars cbtaimed wing Sn(Oct): or BPh:Br 2z catalyst wars of low molecdar weight (Table 2). intarsstingly, GC analyzz ndicated fastar
consumption of 2,6-dthaxyl-1 4-diaxane-1.5-diona (85.2%, Table 2 entry 2) than «-lactida (37.1%, Table 2 antry 1). Thuz, ntroduction of haxyl chains Into PLLA razited In 3 lazz crystalling PLLA-
HPLA uzing Sn(Oct), 25 ctalyst. Whan 2 higher mol® of 3 6-dhaxyl- | 4-dicians-2.5-dlone was uzad 2 low molscular waight polymer (M. = 295 gimol) was cbtained that did mot prscipitate in
DCMMaOH and could tharsfors mot ba further analyzed (Table 2 entry 4).

Takle 2: Pobmariztion of L-lactide and 3 6-dhacri-] 4-Somare-25-dore (dhexr-iactde) uine SniOct, ar canalyes: Jmpact: The 3im of thizs PhD project was to produce 2 “blo-bazed™ polymer from a-

Entry Moocemer ROP Time " m M PO T T Comv.! Yiekd X Bydroxylated fatty ackds (FLA-HPLA). To avold persistancy, we envizicnad 2 materil

M) [pmol] [x) [gmol) < ra > x) MthWMMMM:mMM

T aexde 5 SE8 1 & 7200 1235 485 1457 FBONMRN B0 Edl fshold hars In the fisld of blocatalyzs and industril partners

L= 4020 e it nhﬂdwmﬁmmnm’dhms&

NMR: 3015 an impact on bikty a3 we uzed and d high atom

2 Achetila 3 M| 05 59 1401 Q5418 7N 4 sconceny by maximezing the Incorporation of 3l materials used In the procass. Apart

dhethosde snack o el from that we ulized zaective biclogieal catalyzes and tha amount of wasta and

'ﬂ:“ ooy s required ch Iz produced was kept at a This project brings vakes to the

3 i-acode Bo 5 33 A5 4156 1079 471 147A- 76 (CCV BI 7 25 lezs hazardous ch iz 2re uzad and 2 the consumpeion of foszi-

Le25000° 3 L= Le 1552 based resources i recuced Furtharmors, we kept In dose comtact with all the

. S e 75000 10% < o stakehoiders to conzider ricks and costs. For the zecond stage we trisd to use

o = - = z 2 P = ww«;mmmmadm«;m)m

m H’,‘c‘d"m achiave an efficient and g by reducng wasts and using lesz toxic

1 rumisenara moscu wers 4 cecular weige PO Index vare Va CPC T, = fa= tneeiton m“hﬂm“wmwﬂul

= RS 7o hadq:d*h,.ﬁn’mmmlmﬂnmmsmww
Subatrate Conrunptios wa 67 (%] = (1 - SESimmmimmmetmenain, ooy oy ¥ =y

L R = — ——— L £

Lo Trimalie T e ol | Mol S, Mare A o Qv 1004, 42 4379291, Kricheicor? et of Mocrassd G My, 2023, 2100464 1

Tha ot i it b T O gy Liias Fartiss Kiaa Qangeet
vy
e g O YL

O e
T

Roforences
mumouut—uo«wuﬁu s ¢ O dibe ds b ahn of (7w aayeed By pinde e PR
jres—— e Catal 53 Tk 301 8, 4
ﬂt“‘.l’-‘mL\.(mw mwl»ﬂ‘—‘--—-

RSy D
[ . R, A St 5. Vil S Rl P n—--su-ua— :Aum—..—-.xn.gnm—.nu.‘
e Grmen Choen. 220430, L 2100




