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GENERAL

EATOS (Environmental Assessment Tool for Organic Synthesis) software was downloaded from

Professor J. O. Metzger web site (http://www.chemie.uni-oldenburg.de/oc/metzger/eatos/). Physical

and environmental information (including risk and safety phrases, toxicity and ecological
parameters) of considered compounds were obtained from the safety data sheets available on Sigma

Aldrich web site (www.sigma-aldrich.com). The price of used compounds and materials (of

reasonable purity) were obtained from Sigma Aldrich web site tooby chosing the largest quantity
offered. The software affords plots of relevant parameters subdivided for the components (attached
as .zip file). The figures are reported here as obtained from the application of the software, whereas

In the manuscript these are rounded off.
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2. TABLE OF PARAMETERSFOR REACTIONS 1-15.

ALKYLATION PROCESSES

2.1.1. Reaction 1, Al

A COOMe
O + Z >COOMe
400°C 54%

Compounds st E Ein Eout €/IK

Cyclohexane® 44.7 44.7 111.7 119 857
Solvents 44.7 44.7 111.7 119 857
Methyl 3-cyclohexylpropanoate - - - - -
Coupled products - - - - -

Total value of parameters 46.6 45.6 119 122 910

#Non stoichometric excess of cyclohexane was considered as solvent.
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O +,/ ~COOMe

2.1.2. Reaction 2, hv?

COOMe

hv

(BugN),W1003;
MeCN

Compounds

Ein

EOUt

€/K

Acetonitrile 142 142 426 284 2150
Solvent 142 142 426 284 2150
Methyl 3-cyclohexylpropanoate - - - - -
Coupled products - - - - -
Tetrabutylammonium decatungstate - 0.50 1.40 0.50 195
Catalyst - 0.50 1.40 0.50 195
Total value of parameters 147 146 441 295 2432
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2.1.3. Reaction 3, hv®*
|

O I, t-ButO'Na* hv /\CQOMe O/\/COOMe
t-ButOH BusSnCl cat
NaBH,
84% EtOH 85%

Compounds st E Ein Eot  €/Kg

Ethanol 4.60 4.60 9.10 13.7 90
Solvents 4.60 4.60 9.10 13.7 90
BusSnCl 0.40 0.40 0.80 2.60 65
Catalyst 0.40 0.40 0.80 2.60 65
NaS,0; 2% aq 1.80 1.80 1.80 1.80 14
MgSO, 0.30 0.30 0.30 2.20 16
Auxiliaries (reaction) 2.10 2.10 2.10 4.00 30
Nal - 0.90 - 2.20 -
t-Butanol - 0.40 - 0.40 -
NaBH3l - 1.00 - 1.00 -
Product/Coupled Product - 2.30 - 3.60 -
Total value of parameters 18.1 16.7 27.3 58.5 816
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2.1.4. Reaction 4, A°.

0
@ AEG
(PhCOO)2
99%
Compounds st E Ein Eot  €/Kg

Diethyl ether 39.9 39.9 139.6 120 1223

Solvent 39.9 39.9 139.6 120 1223

Benzoyl peroxide 2.7 2.7 15.0 10.9 185

Catalyst 2.7 2.7 15.0 10.9 185

HCI 37% aqg 5.0 5.0 9.9 24.8 45

CH.Cl, 149 149 29.9 99.5 101

Auxiliaries (Reaction) 19.9 194 39.8 124 146
3-Cyclohexyl-methylpropanoate - - - - -
EtzAll - 13 - 13 -
Products-coupled products - 1.3 - 1.3 -

Total value of parameters 78.3 76.7 244.1 365 14357
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2.1.5. Reaction 5, hv

o)
O .\ b hv Ph,CO

55%;

Compounds st E

Cyclohexane® 76.7 76.7 191.7 307 1206
Solvents 76.7 76.7 191.7 307 1206

Benzophenone 18 18 18 94 95
Catalyst” 18 18 18 9.4 95

3-Cyclohexyl-methylpropanoate -
Products-coupled products - -
Total value of parameters 80.3 78.5

199 316 2386

2 Non stoichometric excess of cyclohexane was considered as solvent. ° Photoproducts of
benzophenone considered.
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2.2. A

YLATION PROCESSES

2.2.1. Reaction 6, A’

(@]
CO 80 atm
n-CgH, 5l
613! + /\CN BU3SI’IH n_C6H13)k/\CN
AIBN 74%
Benzene
Compounds st E Ein Eout €/K

Benzene 426 426 2344 3196 7795
Solvents 426 426 2344 3196 7795
AIBN - - - - 16
Catalyst - - - - 16
Tributyltin iodide - 25 - 25 -
4-keto-decanitrile - 0,0 - - -
Products-coupled products - 2.5 - 2.5 -

Total value of parameters 531 530 2915 4203 14417
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2.2.2. Reaction 7, hv®

i + ZCN h c'c?:
C. ————
n-CoHig™ H (BugN);W1003; n-CgHyg” >~ “CN
MeCN 57%
Compounds st E Ein Eout €/K

Acetonitrile 82.4 824 206 165 1248

Solvent 82.4 82.4 206 165 1248
Tetrabutylammonium decatungstate ~ 0.70 0.70 1.40 0.70 286
Catalyst 0.70 0.70 1.40 0.70 286

4-keto-decanitrile - - - - -
Products-coupled products - - - - -

Total value of parameters 84.9 83.9 212 168 1608

10
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2.2.3. Reaction 8, A

o) o) 77%
PP COOEL phcooy),
H o+ % COOEt
6 Eq 1Eq A
Compounds st E Ein Eout €/K

Benzoy! peroxide 0.2 0.2 0.9 0.2
Catalyst 0.2 0.2 09 0.2

© ©

4-Oxo0-3-methylethyl-heptanoate 0.0 0.0 0.0 0.0 0
Product-coupled products 0.0 0.0 0.0 0.0 0
Total value of parameters 8.4 7.5 15.1 21.8 354

11
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2.3 ARYLATION PROCESSES.
2.3.1. Reaction 9, A"

OMe OMe
/\/SnBu3

Dioxane

CsF 89%
Cl sz(dba)3

P(tBU)g |

st E Ein Eout €/IK

Compounds

1,4-dioxane 10.2 10.2 51.0 40.8 95

Solvent 10.2 10.2 51.0 40.8 95
Tri(t-butyl)phosphine 0.1 0.1 0.7 0.1 2922
Pd,(dba); 0.1 0.1 0.8 0.1 3009
Catalyst 0.2 0.2 15 0.2 5931

4-Allylanisole - - - -
tributylchlorotin - 2.20 - 18.7 -
Product-coupled products - 2.20 - 18.7 -

Total value of parameters 54.6 53.6 155 161 21224

12
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.3.2. Reaction 10, hv

OMe OMe
/\/SiMeg
MeCN-H,O
66%
Cl
Compounds st E Ein Eout €/IK

MeCN 66.4 66.4 199.3 133 1013
Water 17.1 17.1 17.1 17.1 1

Solvents 83.5 83.5 216.4 151 1014
4-Allylanisole - - - - -
Trimethylsilylchloride - 0.70 - 0.70 -
Product-coupled products - 0.70 - 0.70 -

Total value of parameters 131 130 345 478 22800

13
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8 : 12
2.3.3. Reaction 11, A

B(OH),
OMe

i | \Q/ OMe O
Pd(OAC), O 70%;

PPhy
DME
CsF

Compounds st E Ein Eout €K

Dimethoxyethane (DME) 5.2 5.2 28.7 28.7 295
Solvent 5.2 5.2 28.7 28.7 295

PPhs 0.20 0.15 0.2 0.6 12
Pd(OAC); 0.05 0.05 0.2 - 2607

Cata]ist 0.2 0.2 0.4 0.6 2630

2'-4'-6'-Trimethyl-2-methoxybi phenyl - - - -
IB(OH), - 0.8 - 0.80 -

Product-coupled products - 0.8 - 0.80 -
Total value of parameters 10.8 9.9 52.9 62.0 27321

14
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2.3.4. Reaction 12,hv

OMe OMe
@Cl -
0 .
TFE, Et3N O 66%;

Acetone 0.9M

Compounds st E Ein Eout €/K

TFE 179 179 718 359 63012
Acetone 10.6 10.6 211 24.7 36
Solvents 190 190 739 384 63048

2'-4'-6'-Trimethyl-2-methoxybiphenyl - -
Chloridric Acid - 0.60 - - -

Product-coupled products - 0.60 - - -
Total value of parameters 208 206 766 446 65123

15
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.3.5. Reaction 13, hv**

OMe OMe O
©/OSOZCH3 hv O

MeCN-H,0 3:1 51%
Acetone 0.9 M

Compounds st E Ein Eout €/K

Acetonitrile 55.2 55.2 166 138 835
CH.Cl, 2.70 2.70 5.40 14.2 18
Water 234 234 234 234 1
Acetone 7.40 7.40 14.8 17.3 25
Solvents 88.7 88.7 210 193 879
2'-4'-6'-Trimethyl-2-methoxybiphenyl - - - - -
M ethanesulfonic acid - 1.60 - 4.00 -
Trimethylammonium chloride - 1.40 - 4.60 -
Product-coupled products - 3.00 - 8.60 -
Total value of parameters 97.8 96.8 226 221 1512

As hinted in the text, reactions 11-13 make use of different starting compounds (2-iodoanisole, 2-
chloroanisole and guaiacol). However, the input parameters of the three compounds are quite
similar and the output parameters are small or zero. Therefore, this difference has no major effect
on the results, apart from an economical advantages in using less expensive guaiacol instead of
halides. Anyway, major contribution to environmental and economical cost of reactions is given by
nucleophile (eg. 11) or solvent (eg. 12 and 13) rather than the choise of aromatic derivative.

16
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2.3.6. Reaction 14, A

OMe
OMe C,H
% 419
Piperidine, 92%
By Pd(PPhg), I
Nal, ZnCl,
C4Hg
Compounds st E Ein Ewt  €Kg

Piperidine 6.7 6.7 233 26.6 344
Solvents 6.7 6.7 23.3 26.6 344

4-(1-Hexynyl)-anisole - - - - -

HBr - 0.4 - 2.1 -
Product-coupled products - 0.4 - 2.1 -
Total value of parameters 122 121 231 641 16800

17
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2.3.7. Reaction 15, hy'®

OMe
OMe C,H
4719
hv é/
EtsN, CF3CH,OH 62%
cl l
CaHo
Compounds st E Ein Eout €/K

2,2,2-Trifluoroethanol 238 238 715 1668 60140
Solvents 238 238 715 1668 60140

4-(1-Hexynyl-anisole) - - - -
Chloridric acid - 0.2 - 7.4 -

Product-coupled products - 0.2 0 74 -
Total value of parameters 247 245 752 1724 68100

18
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