I*I Innovation, Sciences et Innovation, Science and CA 2842717 C 2020/11/03

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 842 7 1 7
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépbt PCT/PCT Filing Date: 2012/09/21 (51) ClInt./Int.Cl. CO7C 6/02(2006.01),

B01J 31/12(2006.01), CO7C 11/02(2006.01),
CorcC 7/20(2006.01), CO7C 9/00(2006.01)

(72) Inventeurs/Inventors:

(87) Date publication PCT/PCT Publication Date: 2013/04/04
(45) Date de délivrance/lssue Date: 2020/11/03

(85) Entrée phase nationale/National Entry: 2014/01/21 SCHERTZER, BRYAN M., US;
(86) N° demande PCT/PCT Application No.: US 2012/056469 GRELA, KAROL L., PL;

N L CZABAN, JUSTYNA, PL
(87) N° publication PCT/PCT Publication No.: 2013/048885

e (73) Propriétaire/Owner:
(30) Priorité/Priority: 2011/09/28 (US13/246,994) NALCO COMPANY US

(74) Agent: BORDEN LADNER GERVAIS LLP

(54) Titre : PROCEDE DE PRODUCTION D'OLEFINES PAR METATHESE
(54) Title: METHOD OF PRODUCING OLEFINS VIA METATHESIS

cat. double bond migration products
CiHon? — > Gt 4y« ¢ 12 (substrate) and C-20 to

C-12 C-22 (E/Z) C-22 (CM products)

Formula 1

(57) Abrégé/Abstract:

Disclosed is a method of producing an organic compound. The method uses a metathesis catalyst in a coupling reaction of an
olefin. The method comprises the steps of introducing the olefin into a container; either placing the container under vacuum or
bubbling a gas through the olefin; adding an additive with the olefin; mixing the olefin and the additive, the mixing creating a mixture;
adding an amount of the metathesis catalyst to the mixture, the amount being less than about 100 ppm by weight of the mixture;
and optionally heating the mixture to a temperature, the temperature being greater than room temperature.

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca ( Eal lada



2013/048885 A1 I I 0000 P00 01O 0

W

(43) International Publication Date

CA 02842717 2014-01-21

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/048885 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
1

74

31

4 April 2013 (04.04.2013) WIRPOIPCT
International Patent Classification:
CO7C 6/02 (2006.01) CO7C 7/20 (2006.01)

C07C 11/02 (2006.01)
C07C 9/00 (2006.01)

B01J 31/12 (2006.01)

International Application Number:
PCT/US2012/056469

International Filing Date:

21 September 2012 (21.09.2012)
Filing Language: English
Publication Language: English
Priority Data:
13/246,994 28 September 2011 (28.09.2011) US

Applicant (for all designated States except US): NALCO
COMPANY [US/US]; 1601 W Diehl Road, Naperville,
Ilinois 60563-1198 (US).

Inventors; and

Applicants (for US only): SCHERTZER, Bryan M.
[US/US]; 2514 Prairie Court, Geneva, [llinois 60134 (US).
GRELA, Karol L. [PL/PL]; ul. Gen. T. Pelczynskiego
22B m. 45, PL-01-471 Warsaw (PL). CZABAN, Justyna
[PL/PL]; ul. Gorna 6, PL-16-050 Michalowo (PL).

Agents: YONTER, Edward O et al.; 1601 W Diehl Road,
Naperville, [linois 60563 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(84)

HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: METHOD OF PRODUCING OLEFINS VIA METATHESIS

FIG. 1

f.
C4 0H21\/ »—————c—a———> CTOHZ‘I\,//."’C"DHm +
c-12 C-22(ElZ)
Formula 1

double bond migration products
C-12 (substrate) and C-20 to
C-22 (CM products)

(57) Abstract: Disclosed is a method of producing an organic compound. The method uses a metathesis catalyst in a coupling reac-
tion of an olefin. The method comprises the steps of introducing the olefin into a container; either placing the container under vacu-
um or bubbling a gas through the olefin; adding an additive with the olefin; mixing the olefin and the additive, the mixing creating a
O mixture; adding an amount of the metathesis catalyst to the mixture, the amount being less than about 100 ppm by weight of the mix-
ture; and optionally heating the mixture to a temperature, the temperature being greater than room temperature.



10

15

20

30

CA 02842717 2014-01-21
WO 2013/048885 PCT/US2012/056469

METHOD OF PRODUCING OLEFINS VIA METATHESIS

FIELD OF THE INVENTION

The invention relates generally to the production of organic compounds via catalytic
olehin metathesis reaction, and more particularly relates to methods of more cfficiently carrying

out the catalytic olefin metathesis reaction.

BACKGROUND

Olefin metathesis is an emerging commercial technology that may allow access to new
classes of organic compounds, several of which could be used as raw materials to more
efficiently and cost-effectively produce usetul organic products.

A particular area of research related to metathesis reactions has been performed by a
group of researchers at the California Institute of Technology. Two publications, authored by
Kevin M. Kuhn et al., describe some of the research related to metathesis reactions using
ruthenium-based catalysts. A publication by Xavier Bantreil et al. discloses the synthesis of
several ruthenium indenylidene complexes that may be used in olefin metathesis reactions.

Further research in the ait has related to the additives that may be added to metathesis
reactions to inhibit isomerization. For example, United States Patent No. 7,507,854, to Lee et al.,
discloses an invention related to the use of isomerization inhibitors in olefin metathesis reactions.
The inhibitors are low molecular weight organic acids such as formic acid, acetic acid, benzoic
acid, and the like.

Accordingly, there is a need for an efficient, cost-effective method of performing olefin
metathesis reactions. Desirably, the method would provide high yield of desired product with
minimal isomerization. More desirably, the method would minimize metathesis catalyst load,

thereby significantly reducing cost.
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SUMMARY OI' TIIE INVENTION

In an embodiment, the invention is a method of producing an organic compound. The
method uses a metathesis catalyst in a coupling reaction of an olefin. The method comprises the
steps of introducing the olefin into a container; adding an additive with the olefin; mixing the
olefin and the additive, the mixing creating a mixture; placing the container under vacuum;
adding an amount of the metathesis catalyst to the mixture, the amount being less than about
100 ppm by weight of the mixture; and optionally heating the mixture to a temperature, the
temperature being greater than room temperature.

In another embodiment, the invention is a method of producing an organic compound.
The method uses a metathesis catalyst in a coupling reaction of an olefin. The method comprises
the steps of introducing the olefin into a container; bubbling a gas through the olefin; adding an
additive with the olefin, the adding creating a mixture; adding an amount of the metathesis
catalyst to the mixture, the amount being less than about 100 ppm by weight of the mixture; and
optionally heating the mixture to a temperature, the temperature being greater than room
temperature.

These and other features and advantages of the present invention will be apparent from

the following detailed description, in conjunction with the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The benefits and advantages of the present invention will become more readilv apparent
to those of ordinary skill in the relevant art after reviewing the following detailed description and
accompanying drawings, wherein:

FIG. 1 is the chemical formula that represents Formula 1;

FIG. 2 is an illustration of the chemical structures that make up Group A;

FIG. 3 is a chromatography profile of the product produced in the preliminary
cxperiments described in the Examples;

FIG. 4 1s a chromatography profile of the product produced in Example 1;

FIG. 3 is an illustration of the chemical structures that make up Group B; and

FIG. 6 is an illustration of the chemical structures that make up the benzoquinones that

were tested in whole or in part in Examples 5-8.
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DETAILED DESCRIPTION OI' TIIE INVENTION

Definitions:
For purposes of this patent application, the following terms have the definitions set forth
5  below:

“About” means within one integer of the value that follows.

“Additive’ means a chemical that itself is not necessary in the reaction, but may modify
the reaction to achieve greater conversion, yield, or selectivity of a metathesis reaction.
Benzoquinone is a family of additives that may be used in metathesis reactions.

10 “Coupling reaction” means a reaction that, using two olelins, creates an organic
compound having a double bond that is interior to the carbon chain. The two olefins may have
the same chemical formula, and when they do, the reaction is a homo-dimerization reaction.
Formula 1, shown in FIG. 1, illustrates one particular homo-dimerization reaction, and ethylenc
gas is additionally given off in the reaction (not shown).

15 “Mixing™ means agitating a substance by any means possible.

“Mixture” means a substance that is made up of more than one chemical compound.

“Vacuum™ means any pressure that is below ambient pressure.

While the present invention is susceptible of embodiment in various forms, there is shown
20 in the drawings and will hereinafter be described a presently preferred embodiment with the
understanding that the present disclosure is to be considered an exemplification of the invention
and is not intended to limit the invention to the specific embodiment illustrated.
It should be further understood that the title of this section of this specification, namely,
“Detailed Description of the Invention,” relates to a requirement of the United States Patent

25 Office, and does not imply, nor should be inferred to limit the subject matter disclosed herein.

In a preferred embodiment, the invention is a method of producing an organic compound.
The method uscs a metathesis catalyst in a coupling reaction of an olefin. The method comprises
the steps of introducing the olefin into a container; placing the container under vacuum; adding
30  an additive with the olefin; mixing the olefin and the additive, the mixing creating a mixture:
adding an amount of the metathesis catalyst to the mixture, the amount being less than about
100 ppm by weight of the mixture; and optionally heating the mixture to a temperature, the

temperature being greater than room temperature.
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In a second preferred embodiment, the invention is a method of producing an organic
compound. The method uses a metathesis catalyst in a coupling reaction of an oletin. The
method comprises the steps of introducing the olefin into a container; bubbling a gas through the
olefin; adding an additive with the olefin, the adding creating a mixture; adding an amount of the
metathesis catalyst to the mixture, the amount being less than about 100 ppm by weight of the
mixture; and optionally heating the mixture to a temperature, the temperature being greater than
room temperature.

In an embodiment, the method may comprise introducing a second olefin into the
container.

In an embodiment, the olefin can be n-dodecene.

In an embodiment, the coupling reaction can be a homo-dimerization reaction.

In an embodiment, the metathesis catalyst 1s selected from the group consisting of the
chemicals listed in Group A (illustrated in FIG. 2), Group B (illustrated in FIG. 5), and
combinations thereof.

In an embodiment, the reaction is performed under vacuum. For this embodiment, the
vacuum may be less than about 50 mbar. The vacuum can be about 40 mbar. A preferred
embodiment the vacuum is less than about Imbar; however, such a vacuum may be difficult to
economically achieve in a production setting.

In an embodiment, the amount of the metathesis catalyst added to the mixture is less than
about 40 ppm by weight of the mixture.

In an embodiment, the amount of the metathesis catalyst added to the mixture is about
10 ppm by weight of the mixture.

The organic compound produced by the method may have the chemical formula C H,, or

RHC=CHR. One particular embodiment of the invention produces an organic compound with
the chemical formula Caollys.

In an embodiment, a gas is bubbled through the reactants. In such an embodiment, the
gas may be an inert gas. In a preferred embodiment, the gas is argon.

In an embodiment, the metathesis catalyst added in portions.

In an embodiment, the metathesis catalyst is dissolved in a solvent.

If the method employs heating, a preferred embodiment calls for the mixture to be heated
to about 60°C.

An additional embodiment of the invention is a method of improving yield in a chemical

reaction, the chemical reaction producing an organic chemical with the formula C H,;. The

4



method comprises the steps of adding an amount of a metathesis catalyst to a solution, the
solution corﬁprising an olefin, the adding conducted under vacuum, the adding creating a
mixture, the amount of the metathesis catalyst being less than 100 ppm by weight of the mixture;
mixing the metathesis catalyst and the olefin under vacuum; and optionally heating the mixture.
5 Yet another embodiment is a method for carrying out a metathesis reaction, the method
comprising a vessel, the vessel comprising contents. The method comprises the steps of placing
the contents under vacuum; adding an amount of a metathesis catalyst to the contents, the
contents comprising an olefin, the amount of the metathesis catalyst being less than about
100 ppm by weight of the contents; and optionally heating the contents to a temperature greater

10 than room temperature.

CA 2842717 2020-03-05



The metathesis catalyst may be one or more of the following:
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When the catalyst is Gr-1, Ind-1, Hov-I, or Gre-1, L may be:

(L),

When the catalyst is Gr-II, Hov-II, TetOTs-II, Gre-II, Ket-II, Est-1I, Q-II or Car-II, L may be:

e

When the catalyst is Gr-1I’, Ind-II’, SOtBu-II" or SOPhNO2-II’, L may be:

tesees

(SIMes).

(IMes).

CA 2842717 2020-03-05
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Examples:

Scveral metathesis catalysts werc tested in Warsaw, Poland, in coupling reactions of
olefins, with the goal of producing the highest conversion of coupling reaction product using the
least amount of catalyst load. The Group A catalysts were tested. Preliminary experiments were
madc at relatively high catalyst loads to check susceptibility of starting olefin for isomerization.
The preliminary experiments employed 1 mole percent of the Hov-II catalyst at 60°C. The olefin
concentration was 0.2 molar in toluene, with the reaction conducted under Argon. After 4 hr, the
maximum conversion was 7%.

The same reaction was then conducted without solvent (in neat olefin). The catalyst was
added as a concentrated solution in a minimal amount of solvent (toluene or dichloromethane).
After some experimentation, it was discovered that lowered pressure was beneficial for the
reaction, leading to much higher conversions. The reaction was conducted at 40 mbar absolute
pressure using a membrane pump. Though an increase in the conversion to the coupled product
was observed, an increase in unwanted by—pfoducts was also achieved (as shown in FIG. 3 in the
gas chromatography profile taken of a sample after 2 hr of this reaction).

These results provided the basis for further experimentation in order to optimize
conversion and sclectivity, with the goal to decrcasc catalyst loading below 10 ppm, if possible.

Example 1

Two metathesis reactions employing Gr-II catalysts were executed with and without 2-
chloro-1,4-benzoquinone (“the additive”) under otherwise identical conditions. The reactions
were carried out using 500 ppm Gr-II catalyst at 40 mbar pressure and room temperature for 6 hr.

While without the additive, a significant amount of isomerization was observed, the reaction in

CA 2842717 2020-03-05



the presence of 1000 ppm of the additive was much cleaner, leading mostly to the desired
product (E/Z ratio 85:15). Shown in FIG. 4 is a gas chromatography profile of'a sample taken
after 2 hr of one of the reactions that cmployed the additive.
Interestingly, some I-generation catalysts lead to clean reactions even without 1,4-
5  benzoquinone, but usually at lower conversion rates than their II-generation counterparts when
conducted under similar conditions (time, temperature). In some initial experiments, the addition

of 1,4-benzoquinone may have had a positive effect on the overall conversion rate.

Example 2
10 Oplimization was conducted for two representative, commercially available catalysts: Gr-
I and Ind-I, with experiments conducted at the conditions illustrated in Tables I and II

respectively.

Table 1: Optimization for Gr-1.

15

GC Yield (%
Catalyst loading P (mbar) reaction without 2- reaction with 2-
(ppm) chloro-1,4- chloro-1,4-
benzoquinone benzoquinone
500 40 90 nd
200 40 67 nd
100 40 60 nd
100 6 x 107 nd 85
50 6 x 107 64 nd
10 6 x 107 19 44
Conditions: scale = 11 mL of dodecene; 0.1 M of catalyst in toluene; 0.2 M of 2-chloro-1,4-
benzoquinone in toluene; room temperature; 6 hrs. Two equivalents of 2-chloro-1,4-
benzoquinone relative to the catalyst were used. nd = not determined

CA 2842717 2020-03-05
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Table 2: Optimization for Ind-1.

GC Yield (%)
Catalyst loading P (mbar) reaction without 2- reaction with 2-
(ppm) chloro-1,4- chloro-1,4-
benzoquinone benzoquinone

1000 40 90 nd

500 40 88 nd

500 6x 107 89 nd

10 6 x 10™ nd 27

Conditions: scale = 11 mL of dodecene; 0.1 M of catalyst in DCM; 0.2 M of 2-chloro-1,4-
benzoquinone in DCM; room temperature; 6 hrs. Two equivalents of 2-chloro-1,4-benzoquinone
rclative to the catalyst were used. nd = not determined

Eleven milliliters of olefin was placed in a reactor equipped with a septum, gas outlet, and
magnetic stir bar. To the gas outlet valve, a rotary-vane pump was connected and reduced
pressure wasb applied. After 20 min. of degassing, 20 ppm of 2-chloro-1,4-benzoquinone as
0.2 molar stock solution in dichloromethane or toluene (refer to table notes) was added. Next,

10 ppm of catalyst as 0.1 molar stock solution in dichloromethane or toluene (refer to table notes)
was added. The reactions were conducted under reduced pressure (0.06 mbar) at room
temperature or 60°C (refer to table notes) for 6 hr. The progress of the reaction was monitored
on-line using gas chromatography (HP5 column, FID detector), and the gas chromatography
response was uncalibrated.

While performing these experiments, it was observed that decreasing the pressure and
adding 2-chloro-1,4-benzoquinone allowed for reaction product having higher conversion and
purity. Reducing the pressure below 1 mbar seemed to have some influence of the conversion.

A noteworthy result for these experiments was that up to 44% conversion of raw material was

possible for as low as 10 ppm catalyst load.

Example 3
Using the optimized conditions of Example 2, a small library of selected I-generation and
[1-generation catalysts were tested in order to Icarn more about the catalyst structure-reactivity
relationships. For this set of experiments, two equivalents of 2-chloro-1,4-benzoquinone relative
to each catalyst was used. For all products, the E/Z ratio was similar: 85:15. The results are

shown in Table Il below. In addition to the high conversion rates, the presence of 2-chloro-1,4-

11
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benzoquinone inhibited unwanted isomerization, leading to product in the form of a waxy, low-
melting point solid. From the panel tested, the Gr-II, Gre-II, and Carb-II catalysts gave the best

results and were sclected for additional experimentation.

5 Table 3: Catalyst screening at 10 ppm loading.

GC Yield (%)
B Catalyst Room Teft;l; - - 60°C
Q-11 39 62
Carb-II - 48 80
Ket-1I 45 59
Est-1I ' 42 50
Ind-1 44% 17%
Gr-II 52 87
Hov-II 35 67
SOtBu-II’ 12% 31*
Gr-1I’ 3 46
Ind-II 10 25
Gr-1I1 17. 41
Gre-I 6 14
Gr-1 27 20
Hov-I 15 10
SOPRNO2-I 25% a2
Gre-11 60 80
TetOTs-1I \ 10 37
Conditions: scale = 11 mL of dedecene; 10 ppm of catalyst as 0.1 molar solution in DCM
(* toluene); 20 ppm of 2-chloro-1,4-benzoquinone as 0.1 molar solution in DCM (* toluene); p =
(.06 mbar; 6 hr.

Example 4
It is known in the art that, for “difficult” cases of metathesis reactions, the portion-wise
10 addition of catalysts during the reaction course leads to usually better results. A portion-wise
addition regimen was tested for this set of experiments. Reactions were performed at the several

catalyst loadings and conditions shown in Table IV. Catalysts were added in six portions, each
12
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portion added every one hour. 2-chloro-1,4-benzoquinone was added in one portion before
adding the catalyst. As shown, even as low amounts of catalyst as 2.4 ppm of Gr-II or 4.8 ppm

of Carb-II led to significant conversion of approximatcly 60%.

5 Table 4: Portion-wise addition of catalyst.

GC Yield (%)
Catalyst loading (ppm) |  GeIl | Carb@l

6.0 82 nd

4.8 nd 64

3.0 nd 43

24 A 60 ' nd

1.0 17 14
Conditions: scale = 11 mL of dedecenc; catalysts added as 0.1 molar solution in DCM; 2-chloro-
1,4-benzoquinone added as 0.1 molar solution in DCM; p = 0.06 mbar; 6 hr; 60°C; nd = not
determined

Example 5
Going forward, the Group B catalysts as illustrated in FIG. 5 were tested.

10 Instead of using high vacuum (< 1 mbar) as in the previous cxamples, a more industrial-
friendly vacuum of 40 mbar was employed. Also, three benzoquinones were tested instead of the
single benzoquinone tested in the previous examples. The three benzoquinones were the
following: 2-chloro-1,4-benzoquinone; 2,6-dichloro-1,4-benzoquinone; and 2,3,5,6-tetrafluoro-
benzoquinone, encoded as Cl, 2Cl, and 4F, with each chemical structure illustrated in FIG. 6.

15 The influence of the ratio of benzoquinone to ruthenium catalyst on conversion was
studied with standard Grubbs-II generation SIMes catalyst (““Gr-SIMes™) under fixed conditions
(6 hr, p = 40 mbar, scale = 11 mL of dedecene). Ruthenium catalyst was added as 0.1 molar
solution in DCM. Ruthenium loading was either 10 ppm or 20 ppm. The respective
benzoquinone, 2 or 6 equivalents relative to ruthenium, was added to the reaction as 0.1 molar

20  solution in DCM. The progress of the reaction was monitored on-line using gas chromatography
(HP5 column, FID detector), and the gas chromatography responsc was uncalibrated. The results

of these tests are shown in Table 5 below.

13
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Table 5: Influence of benzoquinone nature and ratio on conversion, yicld, and selectivity.

Benzoquinone | Gr-SIMes Ru 10 ppm Ru 20 ppm
type equivalents | Conversion | Yield | Selectivity | Conversion | Yield Selectivity
- 2 55% 54% 98% 62% 61% 98%
6 63% 62% 98% 62% 61% 98%
2 44% 43% 98% 59% 57% 98%
i 6 51% | 50% | 98% 60% | 59%  97%
. 2 30% 29% 97% 53% 50% 92%
4k 6 35% 33% 97% 58% 57% 97%
Conditions: scale = 11 mL of dodecene; GrlI-SIMes catalysts as 0.1 M solution in DCM;
benzoquinones as 0.1 M solution in DCM; p = 40 mbar; 6 hr

Of the 10-ppm experiments, the best yields were obtained using Cl. For higher catalyst

loading, the influence of benzoquinone type was less visible. While better results were typically

5 achieved with six equivalents of benzoquinone, the improvement in yield was not substantial.

However, use of larger amounts of benzoquinone led to significant coloration of the product.

Because of the increased coloration, further experiments employed the use of two equivalents of

benzoquinone.

CA 2842717 2020-03-05
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Example 6
For Example 6, the Group B catalysts were tested. The conditions and results of these

experiments arc shown in Tables 6-8 below.

5  Table 6: Yield and isomerization data for the Example 6 10-ppm experiments.

. Ru 10 ppm
Catalyst and Benzogquinone ... . .
Conversion, % Yield, % Selectivity, %
nonc 64 53 83
Cl 55 54 o8
Gr SIMes
2C1 67 ' 65 97
4F 33 32 96
none 62 59 95
Cl 64 64 100
Gr SIPr
2C1 60 58 98
4F 51 50 97
none 18 16 95
Cl 13 13 100
Carb SIMes
2C1 12 12 100
4F 13 13 100
none 53 52 o8
Cl 55 52 98
Carb SIPr
2Cl1 56 55 98
4F 57 56 98
none 3 3 100
Cl 12 12 100
Gre SIMes
2C1 4 4 100
4F 10 10 100
none 2 2 100
Cl 7 6 88
Gre SIPr . S - - : B
2Cl1 23 21 94
4F 4 4 100
Conditions: scalc = 11 mL of dedecenc; catalysts as 0.1 M solution in DCM; benzoquinoncs
as 0.1 M solution in DCM; p = 40 mbar; 6 hr

15
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Table 7: Yield and isomerization data for the Example 6 20-ppm experiments.

Ru 20 ppm
Catalyst and Benzoquinone :
Conversion, % Yield, % Selectivity, %
none 62 57 92
Cl 62 61 97
Gr SIMes
2C1 61 59 97
4F 56. 50 92
none 91 75 82
Cl 49 438 97
Gr SIPr
2C1 57 56 98
4F 60 56 93
none 40 37 94
Cl 32 31 97
Carb SIMes
2C1 58 52 90
4F 34 33 96
none 62 60 97
Cl 75 73 96
Carb SIPr
2Cl 66 64 97
4F 59 58 98
none 68 47 68
Cl 29 28 97
Gre SIMes
2C1 34 33 96
4r 13 13 100
none 67 60 90
Cl 42 40 95
Gre SIPr
2Cl1 53 51 96
4F 68 66 97
Conditions: scale = 11 mL of dedecene; catalysts as 0.1 M solution in DCM; benzoquinones
as 0.1 M solution in DCM; p = 40 mbar; 6 hr
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Table 8: Yield and isomerization data for the Example 6 30-ppm experiments.

Ru 30 ppm
Catalyst and Benzoquinone
Conversion, % Yield, % Selectivity, %
none 71 64 90
Cl 59 58 98
Gr SIMes
2C1 70 57 36
4F 45 44 96
none 86 73 85
Cl 71 69 97
Gr SIPr
2Cl1 74 71 96
4F 75 72 96
none 58 56 96
Cl 48 45 95
Carb SIMes
2C1 67 60 90
4F 51 48 96
none 70 68 97
Cl 71 69 97
Carb SIPr
2Cl1 63 60 95
4F 64 63 98
none 29 22 75
Cl 36 35 95
Gre SIMes i
2C1 38 37 96
4F 22 20 94
none 83 68 83
. Cl 61 58 96
Gre SIPr
2C1 72 70 97
4F 14 13 90
Conditions: scale = 11 mL of dedecene; catalysts as 0.1 M solution in DCM; benzoquinones
as 0.1 M solution in DCM; p = 40 mbar; 6 hr
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These experiments show that the SIPr-based catalysts typically performed better at these
conditions (higher yields and less isomerization). Especially, Gr-SIPr and Carb-SIPr showed a
good combination of activity and sclectivity. Though very active at high vacuum, the Gre

catalyst showed less efficiency at 40 mbar.

5
Example 7
To prove the disadvantageous effect of increasing pressure (reducing vacuum) on the
reaction, the following experiments were performed, with the conditions and results shown in
Tables 910 below.
10

Table 9: Experiments of Example 7 at 40 mbar pressure.

) 40 mbar
Catalyst and Benzoquinonc
Conversion, % Yield, % Selectivity, %

none 64 53 83
Cl 335 54 o8

Gr SIMes
' 2C1 67 65 97
4F 33 32 96
none 62 59 95
: Cl 64 64 100

Gr SIPr
2C1 60 58 98
4F 51 - ' 50 97
none 18 16 95
Cl 13 13 100
Carb SIMes

2Cl1 12 12 100
aF | 13 13 100
nonc 33 52 98
Cl 55 52 98

Carb SIPr
2Cl1 56 55 98
4F 57 56 98

Conditions: scale = 11 mL of dodecene; 10 ppm of catalysts as 0.1 M solution in DCM;
20 ppm of benzoquinones as 0.1 M solution in DCM; 6 hr 3
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Table 10: Experiments of Example 7 at 0.1 mbar pressure.

0.1 mbar
Catalyst and Benzoquinone
Conversion, % Yicld, % Selectivity, %
none 76 66 87
Cl 68 66 97
Gr SIMes
2C1 73 70 96
4F 63 58 . 93
none 77 72 94
Cl 79 75 95
Gr SIPr
2Cl1 74 72 96
4F 69 69 100
none 37 30 85
Cl 47 42 89
Carb SIMes
2C1 31 31 100
4F 50 48 95
none 66 64 96
Cl 71 70 98
Carb SIPr
2Cl1 79 75 95
4F 69 67 97
Conditions: scale = 11 mL of dodecene; 10 ppm of catalysts as 0.1 M solution in DCM;
20 ppm of benzoquinones as 0.1 M solution in DCM; 6 hr

Example 8
Another method of removing ethylene from the reaction is to purge the reaction with an

5 inert gas. The reaction was conducted in a gas washing vessel equipped with a sintered plug.
Instead of performing the reaction under vacuum, argon was constantly bubbled through the
rcaction via the sintered plug. The gas washing vesscl was carcfully washed and dried prior to
use. The 1-dodecene (22 ml.) was degassed before use and placed in the gas washing vessel.
The catalyst Carb SIMes (20 ppm, 1.4 mL) and Cl-benzoquinone (40 ppm, 0.6 mL) were added

10 as 0.1 molar solutions in DCM. The reaction was conducted at 60°C for 6 hr with constant

bubbling of argon. After the six hours, the reaction conversion was checked by uncalibrated gas
chromatography. The composition of the reaction mixture was as follows: conversion 91%; total

isomers 3%,; substrate isomers 6%; yield 93%.
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In the present disclosure, the words “a” or “an” are to be taken to include both the
singular and the plural. Conversely, any reference to plural items shall, where appropriate,
s include the singular.
From the foregoing it will be observed that numerous modifications and variations can be
effectuated without departing from the true spirit and scope of the novel concepts of the present
invention. It is to be understood that no limitation with respect to the illustrated specific

embodiments or examples is intended or should be inferred.

20
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CLAIMS:

1. A method of producing an organic compound via a coupling reaction using a
metathesis catalyst in the coupling reaction of at least one olefin, the method comprising:
introducing the at least one olefin, a benzoquinone, and the metathesis catalyst, and
optionally an organic solvent into a container thereby forming a mixture thereof, wherein
the amount of the metathesis catalyst introduced into the container ranges from 2.4 ppm to
about 100 ppm by weight of the mixture; and
causing the at least one olefin in the mixture to undergo the coupling reaction while

bubbling a gas through the mixture.

2. The method of claim 1, wherein the method comprises introducing a second olefin

into the container.

3. The method of claim 1, wherein the gas is an inert gas.
4. The method of claim 1, wherein the gas is argon.
S. The method of claim 1, wherein the metathesis catalyst comprises one or more of the
following:
L Ph
| a, |
U\
- Ru —
P
3 3
Gr-1, Gr-11, Gr-1I Ind-I, Ind-1T’
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|
\ro NO:

Gre-I, Gre-II

Est-11
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TetOTs-I1

Q-1I



L L
Cl Cli
sl o _
Ru /Ru
a” | a
|
/\ o
ls] o ~5

Car-II SOtBu-II’

Ci

NO,
SOPhNO2-II’

wherein:

when the catalyst is Gr-1, Ind-I, Hov-I, or Gre-I, L is:

P
when the catalyst is Gr-II, Hov-II, TetOTs-II, Gre-II, Ket-I1, Est-II, Q-II or Car-II, L

is:
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(SIMes)

dﬂ@\
b
,and

when the catalyst is Gr-1I’, Ind-II’, SOtBu-II" or SOPhNQO2-1I’, L is:

o

(IMes).

6. The method of claim 1, wherein the additive comprises one or more of 2-chloro-1,4-

benzoquinone, 2,6-dichloro-1,4-benzoquinone, and 2,3,5,6-tetrafluoro-benzoquinone.
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