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Over the last few years, there has been an increasing interest to identify biobased alternatives to acrylic acid in UV-curing materials. In this respect, itaconic acid has drawn considerable attention, due to its structural similarity. However, the second acid group in the molecule limits its use in many applications, as undesired side reactions can occur. One solution is the use of monoesters of itaconic acid to mimic the properties of acrylic acid. However, to date, no general applicable and straightforward synthetic protocol has been reported. Herein, the synthesis of a variety of monoesters of itaconic acid is presented. The methodology tolerates a broad substrate scope, is highly efficient, and does not suffer from tedious purification steps; therefore it can be applied on large scale. In the next step, the monoesters were reacted with epoxidized soybean oil to produce biobased UV-curing oligomers. The influence of the different monoesters on the properties of the functionalized vegetable oils, such as viscosity as well as the reactivity toward UV-light induced radical cross-linking, was studied. In addition, these findings were compared with those of acrylated soybean oil.

Despite the lower rate of polymerization of the itaconic acid-based oligomers, the double bond conversion was higher in some cases. In addition, the viscosity was found to be lower in comparison to that of the acrylic acid-derived compound, making these novel monoesters promising alternatives to the petrochemical-based acrylic acid.

■ INTRODUCTION

UV-curable polymers are widely used as resin materials for UVcuring printing inks, coatings, and additive manufacturing materials. [START_REF] Nmr | ATR-FTIR spectra, and DSC curves of 395 all monoesters, 1 H NMR and ATR-FTIR spectra of all 396 IESOs[END_REF][2][3] Polyesters and polyurethanes with acrylic acid (1) as radically cross-linking building blocks are widely used for the production of these UV-curable materials. However, depending on the chemical structure, acrylic acid-based materials can possess a strong irritation and allergenic potential. [4][5][6] In addition, the high volatility of acrylic acid and its esters with low molecular weight can also pose a toxicity problem 7-10 and might result in higher regulatory pressure or even restriction of their use. In addition, despite considerable efforts from academia as well as industry, acrylic acid is still only commercially available from petrochemical feedstock. Therefore, alternative biobased building blocks that are less problematic are of high interest. In this context, itaconic acid (IT, 2) has the potential to be a promising biobased alternative to acrylic acid as a building block in UV-curable resins due to its structural similarity. [START_REF] Bozell | Technology development for the production of biobased products from biorefinery carbohydrates-the US department of Energy's "Top 10" revisited[END_REF][START_REF] Robert | Itaconic acida versatile building block for renewable polyesters with enhanced functionality[END_REF][START_REF] Patil | Design and synthesis of bio-based UV curable PU acrylate resin from itaconic acid for coatings applications[END_REF][START_REF] Robert | Bio-based polyester itaconates as binder resins for UV-curing offset printing inks[END_REF][START_REF] Brannstrom | Biobased UVcurable coatings based on itaconic acid[END_REF][START_REF] Dai | Polyesters derived from itaconic acid for the properties and bio-based content enhancement of soybean oil-based thermosets[END_REF][START_REF] Brannstrom | Itaconate based polyesters: selectivity and performance of esterification catalysts[END_REF] However, due to the fact that itaconic acid is a difunctional acid, it cannot be applied in the same manner as acrylic acid. For example, the reaction of itaconic acid with epoxidized vegetable oils would result in a cross-linked network, rather than a low viscosity acrylated vegetable oil. Furthermore, the carbon-carbon double bond of itaconic acid exhibits a lower reactivity in comparison to that in acrylic acid, therefore making However, despite the number of scientific studies for the 97 selective synthesis of itaconic acid monoesters, a comprehensive 98 synthetic method applicable for a broad scope of alcohols is still 99 elusive. In this study, we present a straightforward and highly 100 selective method to synthesize a variety of monoesters of 101 itaconic acid by using inexpensive starting materials and stoichiometric amounts of alcohols. In addition, no purification steps are necessary, which could allow for the use of this protocol on an industrial scale. Subsequently, the monoesters were reacted with epoxidized soybean oil to obtain biobased UVcurable oligomers. The properties as well as reactivities toward UV-curing of the different addition products were analyzed and compared to those of acrylated soybean oil.

■ EXPERIMENTAL SECTION

Materials. Toluene (technical grade) was used as an azeotropic solvent, purchased from VWR international and distilled before use. Itaconic acid (99%) was obtained from ECEM. 1-Butanol (99%), 2phenoxyethanol (99%), isoborneol (95%), and triphenylphosphine (TPP, 99%) were obtained from Sigma-Aldrich. 2,6-Ditert-butyl-4methylphenol (BHT, 99%), cyclohexanol (98%), benzyl alcohol (98%), sulfuric acid (H 2 SO 4 , 95-97%), and 1-propanol (99%) were purchased from Fluka analytical. Acetic anhydride (Ac 2 O, 100%), methanol (100%), and ethanol (99.5%) were obtained from VWR International. ESBO was kindly provided by Hobum Oleochemicals.

All reagents were used without further purification.

Synthesis of Itaconic Anhydride and Itaconate Monoesters.

Itaconic acid (1.0 equiv) and acetic anhydride (1.0 equiv) were placed in a round bottomed flask alongside toluene (20 mL per 100 g of itaconic acid). Sulfuric acid (0.08 wt %) was added under stirring, and subsequently, the mixture was heated at 50 °C for 3 h. Then, the produced acetic acid was removed under reduced pressure. Itaconic anhydride was dried under a vacuum and made to react directly after drying to avoid hydrolysis. The alcohol (1.0 equiv) was added alongside toluene (20 mL per 100 g of itaconic anhydride) for a reaction at 50 °C for 16 to 40 h depending on the alcohol. The reaction was monitored by IR with a focus on the disappearance of the anhydride signals (1850 and 1770 cm -1 ). Toluene was removed under reduced pressure, and the product was dried under a vacuum without any further filtration or purification to obtain the pure white crystal. The same method was also used with ethyl acetate which resulted in lower selectivity and purity.

Synthesis of Acrylated Soybean Oil (AESO). Epoxidized soybean oil (ESBO) was mixed with acrylic acid (1.0 eq per epoxide), BHT (0.5 wt %), and TPP (1 wt %) in a round bottomed flask and stirred at 110 °C for 20 h. The crude product (AESO) was washed with water and 1 wt % NaHCO 3 , dried over Na 2 SO 4 , extracted with toluene, and evaporated under reduced pressure. Synthesis of Itaconated Soybean Oil (R-IESO). Epoxidized 143 soybean oil (ESBO) was mixed with the monoester (1.0 eq per 144 epoxide), BHT (0.5 wt %), and TPP (1 wt %) in a round bottomed flask 145 and stirred at 110 °C for 20 h. The crude product (R-IESO) was washed 146 with water and 1 wt % NaHCO 3 , dried over Na 2 SO 4 , extracted with 147 toluene, and evaporated under reduced pressure.

148

Curing. As photo initiator, Irgacure-1173 was added (5 wt %) to the 149 resin and mixed. The mixture was left for 1 h at 50 °C to reduce the 150 amount of air trapped in the resin that could lead to cracks when the 151 material is cured. For a curing test, the mixture was then applied on a 152 glass plate by means of a squeegee to form a 75 μm film. An UV-oven, 153 Technigraf 8 Amp, equipped with a UV 4/120-2 light (254 nm), was 154 used with a treadmill set at 5 m/min. The intensity of the oven was 155 measured before and after curing with an average value of 500 mJ/cm 2 . s1 156 The reactivity toward radical cross-linking was assessed by photo-DSC. 157 Characterization. Photo-DSC measurements were made using a 158 Mettler Toledo DSC 3+ STARe System equipped with a Lightning Cure 159 LC8 lamp at 70% of its intensity using 40 μL crucibles without lids. To 160 get the integration of the signal only, two runs were made with a short 161 time between the runs to let the resin cool down. The second run was 162 made once the material was fully cured and the baseline was stable. 163 Then, the second curve was subtracted from the first to obtain the curve 164 related to the curing only. Each run was organized as follows: 30 s at the 165 set temperature (25 °C at atmospheric pressure under air) without the 166 lamp; then the lamp was turned on for 9.5 min. The break between the 167 runs lasted 30 s. NMR experiments were conducted on a Bruker Avance 168 III 500 MHz spectrometer (Bruker, Billerica, MA, U.S.A.). Proton shifts 169 were reported in ppm (δ) downfield from tetramethylsilane (TMS) and 170 were determined by reference to the residual solvent peak (acetone-d 6 , 171 2.05 ppm for hydrogen atoms). Infrared spectroscopy was performed 172 on a Thermo Scientific Nicolet iS5 FT-IR (Thermo Fischer Scientific, 173 Waltham, MA, U.S.A.). Viscosity measurements were performed on a 174 Bohlin CVO 120 rheometer equipped with a PP40 disc (CP 4°, 40 175 mm). Measurements were made with a rotation speed of 50°/s for 10 s. 176 Five measures were made for each temperature (25, 37.5, 50, 62.5, 75 177 °C), and the average value was calculated for each temperature. 178 Differential scanning calorimetry (DSC) measurements were done on a 179 DSC 3+ (Mettler-Toledo, Greifensee, Switzerland) under a nitrogen 180 flow of 30 mL/min -1 . Samples of ca. 10 mg were exposed to a heating-181 cooling-heating sequence from -50 to 100/200 °C (10 °C min -1 ); 5 182 min of isothermal conditions were applied at the temperature limits.

The melting temperature (Tm) represents the maximum of endothermic peaks on heating traces.

■ RESULTS AND DISCUSSION

The main goal of our investigation was the implementation of a facile, general applicable, and scalable synthetic strategy to synthesize monoesters of itaconic acid. Richard et al. [START_REF] Richard | A comparative study of the thermal properties of homologous series of crystallisable n-alkyl maleate and itaconate monoesters[END_REF] recently reported the synthesis of long chain aliphatic monoesters of itaconic acid by reacting itaconic anhydride with long chain aliphatic alcohols. Inspired by this methodology, we were intrigued to study the outcome of this reaction with the use of short chain aliphatic and cyclic alcohols. Due to the high cost of commercial itaconic anhydride and its susceptibility to partial hydrolysis upon storage, we further improved the methodology by preparing the anhydride directly from inexpensive itaconic acid. The anhydride formation was usually carried out by dehydration of the corresponding acid or citric acid in the presence of a catalyst. [START_REF] Crowel | Production of itaconic and citraconic anhydrides[END_REF] Thomas and co-workers [START_REF] Robert | Facile and efficient synthesis of cyclic anhydrides from dicarboxylic acids[END_REF] screened numerous catalysts for the dehydration of different dicarboxylic acids, the best being magnesium chloride. However, a major drawback of this method was the use of ditert-butyl dicarbonate (Boc 2 O), a toxic and expensive reagent. We therefore decided to utilize the conditions developed by Shriner [START_REF] Shriner | Diacetyl-d-tartaric anhydride[END_REF] for the synthesis of diacetylated-d-tartaric anhydride. Acetic anhydride was reacted with a stoichiometric amount of itaconic acid in toluene in the presence of a catalytic amount of sulfuric acid (Scheme 1). After 3 h, the solvent and the produced acetic acid were removed under reduced pressure resulting in itaconic anhydride with a purity of >99% according to IR and NMR (SI Figure 1). To avoid undesired hydrolysis, the dried itaconic anhydride was made to directly react with the respective alcohol.

Following this synthetic protocol, several monoesters were synthesized from in situ prepared itaconic anhydride. Simple linear alcohols as well as more complex cyclic alcohols were used. The desired monoesters were obtained without filtration after simple evaporation of the solvent in high purities and high selectivities toward the β-ester, which made further purifications f2 steps unnecessary (Figure 2).

To study the influence of the solvent on the outcome of the monoester synthesis besides toluene, the more sustainable solvent ethyl acetate was used. The yields and β/α selectivity are t2 reported in Table 2 with the reaction time required until no anhydride is observed in the IR. In all cases, no formation of the corresponding diesters was observed. When EtOAc was used as solvent, a longer reaction time was required to obtain full conversion and the yields and selectivities were slightly lower compared to the results obtained when toluene was used. For the toluene series, the monoesters were obtained in quantitative yields over two steps. Only when the sterically demanding isoborneol was used, the yield was a little lower (92%) with some unreacted IA remaining (<1%). In most cases, 100% conversion was reached after 16 h, while the bulkier alcohols like cyclohexanol, phenoxyethanol, and isobornyl alcohol required reaction times of 20 and 40 h, respectively. The addition of all alcohols was selective toward the formation of the nonconjugated β-ester (up to 99/1), which is in accordance with the results obtained by Richard et al. [START_REF] Richard | A comparative study of the thermal properties of homologous series of crystallisable n-alkyl maleate and itaconate monoesters[END_REF] It is noteworthy that the less reactive and bulkier alcohols, cyclohexanol, phenoxyethanol, and isoborneol, led to the highest selectivities.

The FT-IR spectra of these eight monoesters are quite similar with the only differences being in the CH, CH 2 , and CH 3 areas and extra CC aromatic signals for Bz-It and PhEt-It (1601 and 1588 cm -1 ). A typical spectrum would be 3100 to 2500 cm -1 for CH, CH 2 , CH 3 , and acidic OH, 1732 to 1717 cm -1 for the C O ester, 1698 to 1678 cm -1 for acidic CO, 1636 to 1630 cm -1 for itaconic CC, and 1205 to 1152 cm -1 for CO (acid and ester). IR spectra can be found in the Supporting Information alongside the DSC analysis where melting temperatures were found between 33 and 126 °C (SI Figures 23456789).

The structures and purity of the monoesters were confirmed by 1 H and [START_REF] Patil | Design and synthesis of bio-based UV curable PU acrylate resin from itaconic acid for coatings applications[END_REF] C NMR. As an example, the spectra of methyl f3 itaconate are shown in Figure 3a,b; the spectra of the other monoesters can be found in the Supporting Information (SI Figures 23456789). While the main signals support the structure of the β-monoester, the α-methyl itaconate can be found as the secondary product with H 3a′ and H 3b′ at 6.23 and 5.78, as well as H 6′ at 3.71. In addition, in the [START_REF] Patil | Design and synthesis of bio-based UV curable PU acrylate resin from itaconic acid for coatings applications[END_REF] C NMR, the signals of the secondary α-ester can be found. No other impurities can be detected in the spectra, proving the high selectivity of the synthetic protocol developed for this study.

With this variety of monoesters of itaconic acid in hand, we decided to examine their suitability as alternative UV-curing building blocks inspired by a study recently reported by Li et al. [START_REF] Li | Itaconic acid as a green alternative to acrylic acid for producing a soybean oil-based thermoset: synthesis and properties[END_REF] However, in our case, the different structures allow for a more comprehensive insight over the structure-property relationship of the different monoesters, such as viscosity and reactivity toward UV-light induced radical cross-linking. Therefore, all monoesters were reacted with epoxidized soybean oil in the presence of TPP as a catalyst to obtain itaconated epoxidized s2 soybean oil (IESO, Scheme 2). Acrylic acid was also reacted with Scheme 2. Epoxide Opening with Monoesters of Itaconic Acid
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To assess the impact of the monoesters on the viscosity of the 285 final products, the viscosities were measured between 25 and 75 f4 286 °C and are presented in Table 3 and Figure 4. AESO and Isob-287 IESO were found to have similar high viscosities at 25 °C of 23 288 and 24 Pa•s, respectively. Other IESOs exhibit lower viscosities 289 between 6.0 and 13.5 Pa•s. All IESO and AESO resins are more 290 viscous than neat ESBO due to the presence of the OH-groups 291 as a result of the opening of the epoxide. The biobased contents 292 were calculated based on the degree of substation obtained by 293 NMR analysis and are also presented in Table 3.

The reactions were monitored by IR analysis focusing on the disappearance of acidic OH and the appearance of alcoholic OH. The dried samples were also analyzed by IR giving similar spectra: 1150 cm -1 for CO, 1600 cm -1 for aromatic carboncarbon double bond (only for Bz-IESO and PhEt-IESO), 1640 cm -1 for itaconic carbon-carbon double bond (1640 and 1618 cm -1 for AESO's CC), 1740 cm -1 for CO ester, 2930 and 2860 cm -1 for CH 2 and CH 3 , and 3360 to 3620 cm -1 for alcoholic OH. No traces of epoxides were found either in IR or NMR spectra. ,b). This allows for the calculation of the average number of monoester units per glycerol. [START_REF] Kumar | Studies on the copolymerization of nalkyl itaconates with styrene[END_REF] The percentage of fatty acids in the soybean oil was known, so the average molecular weight was calculated. The theoretical enthalpy of polymerization was calculated using the obtained double bond density and the heat of polymerization of an itaconate unit. It is known that the heat of polymerization of an acrylic or itaconic moiety is different if it is substituted or free. [START_REF] Evans | Heats of polymerization of acrylic acid and derivates[END_REF] Thus, the heat of polymerization of dimethyl itaconate (DMI) calculated by a differential method by Dainton et al. [START_REF] Dainton | The heats of polymerization of some cyclic and ethylenic compounds[END_REF] IESOs are found to have similar double bond densities between 1.68 and 1.79 mmol/g while AESO is at 2.38. The integration of the photo-DSC gave the enthalpy of polymerization, which was found to be higher for AESO as its double bond content is higher and the intrinsic heat of polymerization of acrylic acid moieties are higher (86.19 kJ/mol). This allowed 337 the calculation of the conversion over time, which was between 338 53.5 and 76.6% for IESO while AESO reached 72.6%. This 339 shows that itaconic acid-based materials can reach higher 340 conversion during the UV-curing. However, by the derivation of 341 the conversion curve, the rate of polymerization can be obtained, 342 which is significantly higher for AESO in comparison with those 343 of IESO compounds (Figure 6b). This result can be expected 344 knowing the higher intrinsic reactivity of the acrylic acid double bond. IESO resins have similar rates of polymerization with Cy-IESO having the highest around 0.013 s -1 .

The reactivity toward UV-curing was also evaluated by curing 75 μm films in an UV-oven with an UV-dose of 500 mJ/cm 2 .

The number of curing runs needed to fully cure the sample was monitored. When no traces were seen on the film after rubbing a tissue on the film, the sample was considered cured. The number t5 of runs needed to cure each sample is listed in Table 5. The acrylic acid containing material was faster to cure, due to the higher intrinsic reactivity of the carbon-carbon double bond.

For all itaconic acid-derived materials, longer curing times were necessary to obtain a tack-free film. An example of an AESO and f7

Cy-IESO film is shown in Figure 7.

These UV-studies show that even though monoesters of itaconic acid have a similar reactivities when reacted with ESBO, the resulting material is less reactive toward UV-curing due to the lower reactivity of the carbon-carbon double bond of the itaconic acid. However, the difference in curing runs is not that pronounced; the final conversion can be higher for itaconic acidbased materials, and the cured material showed high flexibility whereas the AESO displayed a higher brittleness.

■ CONCLUSION

In the course of this study, a new and generally applicable synthetic pathway to novel itaconic monoesters was developed. 
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 12 Scheme 1. Synthetic Pathway to Monoester of Itaconic Acid

  272ESBO under the same conditions, and the resulting AESO was 273 used as a standard for comparison. All IESOs as well as AESO 274 were obtained in good to excellent yields (85-98%), presented 275 t3 in Table3. Yields are calculated as followed: a stoichiometric 276 amount of itaconate monoester to epoxide was added based on 277 the number of epoxides in the ESBO (epoxide content given by 278 Hobum Oleochemicals). Then, the yield was calculated using 279 the experimental mass after work up and the theoretical mass 280 (addition of ESBO and monoester mass). As shown in Table2, 281 the more sterically demanding isoborneol resulted in a higher 282 ratio of β to α monoesters. As the former is more reactive toward 283 epoxide opening, it led to a higher IESO yield.

Figure 3 .

 3 Figure 3. (a) 1 H NMR; (b) 13 C NMR of Me-It in acetone-d 6 .

  The structures were confirmed by[START_REF] Nmr | ATR-FTIR spectra, and DSC curves of 395 all monoesters, 1 H NMR and ATR-FTIR spectra of all 396 IESOs[END_REF] H and[START_REF] Patil | Design and synthesis of bio-based UV curable PU acrylate resin from itaconic acid for coatings applications[END_REF] C NMR. The 1 H f5 NMR of Cy-IESO is presented in Figure5, where no signal corresponding to the protons of the epoxides can be detected around 3 ppm. The IR spectra can be found alongside NMR spectra description in the Supporting Information (SI Figures10-18). The calculation of the grafting ratio of the monoesters was done by comparison of the integrals of the end chains of the fatty acids (CH 3 , H 19 ) and the integrals of double bond signals of IT (20a

  was used: ΔH DMI = 60.67 kJ/mol (ΔH Acr = 86.19 kJ/mol was used for AESO). With these values, the theoretical enthalpy that should be produced by the samples during the curing process can be calculated. The experimental enthalpy was investigated by the means of photo-DSC. The grafting ratio (G CC ), average Mw, double bond density (DBD), theoretical and experimental enthalpy, as well as t4 conversion and the rate of polymerization are presented in Table
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 4 Figure 4. Viscosity of AESO and IESO in Pa•s.
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 51 Figure 5. 1 H NMR of Cy-IESO in deuterated chloroform.
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 6 Figure 6. (a) Conversion versus time; (b) rate of polymerization versus time; (c) zoom RoP.

Figure 7 .

 7 Figure 7. (a) 75 μm film of AESO; (b) 75 μm film of Cy-IESO (reproduced with permission of Fraunhofer WKI).

Table 1 .

 1 Overview over Reported Methods for the Synthesis of Monoesters of Itaconic Acid a

	Reference	Reagent	Alcohol (eq)	Catalyst	Yield (%)	β/α ratio	Purification
	Baker 18	IT	Methanol (LE)	AcCl	84	100/0	Recrystallization
	Leoń 19	IT	n-Dodecanol (1.1 equiv)	AcCl	60	100/0	2 Recrystallization
	Inciarte 20	IT	n-Alkyl alcohols (LE) (C12/14/16/18/22) AcCl		100/0	Recrystallization
	Baéz 21	IT	Methanol (LE)	AcCl		100/0	Recrystallization
	Loṕez-Carrasquero 22	IT	Methanol (3 equiv)	AcCl	82	100/0	Recrystallizations
	Dominguez 23	IT	Alkoxy ethanols, Alkoxy propanols (3 equiv) AcCl, H 2 SO 4	50-70	100/0	Purification by chromatography
	Tsibouklis 24	IT	Docosan-1-ol (1 equiv)	H 2 SO 4	60	100/0	2 Recrystallization
	Ferraboschi 25	IT DEI	Ethanol	H 2 SO 4 Enzymatic hydrolysis	78 75	100/0 0/100	Recrystallization
	Ram 26	IT	Methanol	NiCl 2	86 (mono) 6 (di)	100/0 diester	Purification by chromatography
	Kumar 27	IT	Hexanol, octanol (3 equiv)	pTSA		100/0	Purification by
							chromatography
	Li 28	IT	Methanol (3 equiv)	Benzoyl chloride	86	100/0	Recrystallization
	Zhu 29	IT	Butanol (3 equiv)	Zeolites		100/0	
	Matsumoto 30	IA	Methanol (LE)		73		
	Prabha 31	IA	n-Alkyl alcohols (1.1 equiv) (C		92		Recrystallization
			10/12/13/14/15/16)				
	Richard 32	IA	n-Alkyl alcohols (1 equiv) (C8/12/16/22)		90-95	Up to 94/6	

a IT = itaconic acid, DEI = diethyl itaconate, IA = itaconic anhydride, AcCl = acetyl chloride, LE = large excess.

Table 2 .

 2 Yield Selectivity and Reaction Time for the Monoesters Synthesized

	Structure β-monoester	α-monoester Reaction time	Yield (%)
			Toluene (50 °C)	
	Me-It	90	10	16 h	>99
	Et-It	87	13	16 h	>99
	Pr-It	93	7	16 h	>99
	Bu-It	91	9	16 h	>99
	Cy-It	94	6	20 h	>99
	Bz-It	86	14	16 h	>99
	PhEt-It	99	1	40 h	>99
	Isob-It	96	4	40 h	92
			Ethyl acetate (50 °C)	
	Me-It	90	10	30 h	98
	Et-It	90	10	30 h	>99
	Pr-It	90	10	30 h	>99
	Bu-It	90	10	30 h	>99
	Cy-It	95	5	3 d	>99
	Bz-It	43	57	3 d	>99
	PhEt-It	65	35	5 d	>99
	Isob-It	93	7	5 d	76

Table 3 .

 3 Viscosity of AESO and IESO in Pa•s, Yields and Bio-Based Content of the IESOs Synthesized

		Viscosity		
	Structure	25 °C	75°C	Yield (%)	Biobased content (%)
	ESBO	0.46	0.07		100
	AESO	23.54	0.8	96	83
	Me-IESO	6.59	0.31	85	100
	Et-IESO	7.05	0.34	85	100
	Pr-IESO	8.90	0.41	85	90
	Bu-IESO	6.05	0.32	85	100
	Cy-IESO	13.52	0.47	86	82
	Bz-IESO	9.45	0.36	89	82
	PhEt-IESO	10.74	0.33	90	77
	Isob-IESO	24.47	0.76	98	100

Table 4 .

 4 Photo-DSC Measurements and Calculations

	Structure	G CC	Mw (g/mol)	DBD (mmol/g)	ΔH theo (J/g)	ΔH exp (J/g)	RoP (1/s*1000)	C (%)
	AESO	2.58	1082.0	2.38	205.5	149.2	101.0	72.6
	Me-IESO	2.14	1204.4	1.78	107.8	79.77	11.5	74.0
	Et-IESO	2.19	1242.3	1.76	107.0	75.6	11.5	70.7
	Pr-IESO	2.23	1279.8	1.74	105.7	68.87	10.8	65.1
	Bu-IESO	2.19	1303.6	1.68	101.9	73.11	10.8	71.7
	Cy-IESO	2.58	1443.2	1.79	108.5	83.09	13.4	76.6
	Bz-IESO	2.43	1430.8	1.70	103.0	64.68	11.3	62.8
	PhEt-IESO	2.60	1546.2	1.68	102.0	57.81	9.9	56.7
	Isob-IESO	2.71	1617.1	1.68	101.7	54.38	11.9	53.5

Table 5 .

 5 Curing Behavior of IESO and AESO

	Sample	75 μm film (nb of runs)
	AESO	1
	Me-IESO	5
	Et-IESO	4
	Pr-IESO	4
	Bu-IESO	4
	Cy-IESO	3
	Bz-IESO	4
	PhEt-IESO	3
	Isob-IESO	3
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