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I, Dr. Douglass F. Taber, declare as follows: 

I. INTRODUCTION 

1. I have been retained on behalf of Symrise AG and Symrise Inc. 

(collectively “Petitioner”) in connection with the above captioned Inter Partes 

Review (IPR) of U.S. Patent No. 10,995,048 (’048 Patent). I have been asked to 

study and provide my opinions as an independent expert witness regarding 

technology described in the ’048 Patent. I am being compensated at my usual and 

customary rate for my time. Such compensation, however, does not influence my 

opinion nor does the outcome of this proceeding impact my compensation.  

2. I have carried out research in organic chemistry and taught graduate 

and undergraduate classes on organic chemistry, including organic reaction 

mechanisms, throughout my 40-year career. I have published more than 200 

research articles. In 2022, 74 of those articles were cited by other research groups, 

34 of them more than once. I am the author of the weekly online scientific 

publication, Organic Synthesis Highlights, used by research groups all around the 

world.  

3. I have conducted research and published scholarly papers on the 

preparation and reactions of alkenes, alcohols, epoxides, and esters. These have 

included the dehydration of alcohols to the corresponding alkenes with the control 

of regioselectivity. In fact, I published a new protocol for the conversion of a 1-
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alkene to the corresponding 1-epoxide. Throughout my career I have routinely 

used the conversion of an epoxide to the corresponding 1,2-diol. I maintain a 

database of the most important organic chemical transformations, which currently 

contains more than 60,000 entries, any one of which I can access in minutes.  

4. A copy of my curriculum vitae is attached as Appendix A. It includes 

a list of testimony I have provided in other legal proceedings, an outline of my 

research experience, and a list of my publications. 

II. MATERIALS REVIEWED 

5. In forming my opinions provided in this declaration, I have read and 

considered the items listed in the table below. I have also relied on my education, 

knowledge, and experience in organic chemical synthesis. 

Document Reviewed 

Ex. 1001 U.S. Patent No. 10,995,048 (the “’048 Patent”) and the corresponding 
prosecution history of U.S. Application No. 16/682,059 

Ex. 1007 U.S. Patent Publication No. 2011/0196114A1 (“Le”) 

Ex. 1008 U.S. Patent Publication. No. 2005/0065389A1 (“De Bruyn”) 

Ex. 1009 U.S. Patent Publication. No. 2012/0238788 (“Wright ’788”) 

Ex. 1010 U.S. Patent No. 6,528,665 (“Cheng”) 

Ex. 1011 PCT Written Opinion of the International Searching Authority, 
PCT/US2015/014943. Issued April 29, 2015 (“PCT Opinion”). 

Ex. 1013 U.S. Patent No. 8,173,850 (“Furuya”) 

Ex. 1020 U.S. Patent No. 10,894,750 (“Vecchini”) 
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Document Reviewed 

Ex. 1021 U.S. Patent No. 9,908,837 (“Colby”) 

Ex. 1022 U.S. Patent No. 8,765,430 (“Parekh”) 

Ex. 1023 U.S. Patent No. 8,597,922 (“Alibhai”) 

Ex. 1024 U.S. Patent No. 7,795,484 (“Koivusalmi”) 

Ex. 1025 U.S. Patent No. 4,234,752 (“Wu”) 

Ex. 1026 German Patent DE3915493 (“Voeste”) (translation) 

Ex. 1027 N.P Makgoba et al. “Silication of -y-alumina catalyst during the 
dehydration of linear primary alcohols,” Applied Catalysis A: General 
297 (2006) 145-150 (“Makgoba”) 

Ex. 1028 W.G. Appleby et al. “Vapor Phase Dehydration of 1-Heptanol over 
Activated Alumina,” J. AM. CHEM. SOC. 66: 1938-1939, 1944 
(“Appleby”) 

Ex. 1029 V. I. Komarewsky et al. “Catalytic Dehydration of 1-Hexanol and 1-
Octanol,” J. AM. CHEM. SOC. 67: 557-558, 1945 (“Komarewsky”) 

Ex. 1030 L. G. Wade, Jr. Organic Chemistry, Chapters 7 and 8 (8th Ed. 2013) 
(“Wade”) 

Ex. 1031 JAOCS Vol. 62, No. 2, 355-365 (1985) (“Reck”) 

Ex. 1032 JAOCS Vol. 61, No. 2, 343-347 (1984) (“Kreutzer”) 

Ex. 1033 W. E. Schiegl and J. C. Vogel “Deuterium Content of Organic 
Matter,” EARTH AND PLANETARY SCIENCE LETTERS 7:303-313, 1970 
(“Schiegl”)  

Ex. 1034 Harmon Craig, “Standard for Reporting Concentrations of Deuterium 
and Oxygen-18 in Natural Waters,” SCIENCE 133: 1833-1834, 1961 
(“Craig”)  

Ex. 1035 WO 2001/044145 (“Tiitta”) 

Ex. 1036 U.S. Patent No. 9,029,619 (“Vermeiren”) 
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Document Reviewed 

Ex. 1037 WIPO Publication WO 2004/078336 (“Ziehe”) 

 
III. SUMMARY OF MY OPINIONS 

6. I understand the following table summarizes the grounds of challenge 

(“Grounds”) raised in the Petition: 

Ground Prior Art Basis Challenged 
Claims 

1 U.S. Patent Publication No. 
2011/0196114A1 (“Le”) §103 Claims 1-6, 8-10, 

22, 23, and 26-28  

2 Le in view of U.S. Patent No. 
6,528,665 (“Cheng”) §103 Claims 24 and 25 

3 Le in view of U.S. Patent Publication. 
No. 2005/0065389A1 (“De Bruyn”). §103 Claims 1-6, 8-10, 

22, 23, and 26-28  

4 Le in view of De Bruyn and Cheng 
 §103 Claims 24 and 25 

5 U.S. Patent Publication No. 
2012/0238788 (“Wright”) §103 Claims 1-6, 8-10, 

22, 23, and 26-28 

6 Wright in view of Cheng 
 §103 Claims 24 and 25 

 

7. After a review of the ’048 Patent and the prior art, it is my opinion 

that the Challenged Claims are invalid under the proposed Grounds. My opinions, 

and the bases for my opinions, are detailed throughout this Declaration. 
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IV. LEGAL PRINCIPLES 

8. I am not an attorney and will not be offering legal conclusions. 

However, I have been informed of several principles concerning legal issues 

relevant to my analysis of the Challenges to the claims of the ’048 Patent, and I 

relied on these principles to arrive at my conclusions. 

9. I understand a claim is anticipated if all limitations are found in a 

single prior art reference, arranged as in the claim. The identical invention must be 

shown in as complete detail as is contained in the patent claim. 

10. I understand a prior art reference can disclose an element not 

expressly identified in a reference if the element is “inherently present” in the 

reference. To be “inherent,” I understand the missing element must necessarily be 

present in the reference. An element is not “inherent” if the missing element is only 

probably present or if there is merely a possibility it is present. 

11. I understand a claim is invalid as obvious under 35 U.S.C. § 103 if the 

differences between the subject matter sought to be patented and the prior art are 

such that the subject matter of the claim as a whole would have been obvious at the 

time of the patent’s filing date to a Person of Ordinary Skill in The Art (POSITA). 

It is my understanding that the following factors are used to determine whether or 

not the claimed subject matter would have been obvious: (i) the scope and content 

of the prior art; (ii) the differences between the prior art and the claimed invention; 
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(iii) the level of ordinary skill in the field of the invention; and (iv) any relevant 

objective considerations of non-obviousness. 

12. I understand a party asserting obviousness based on a combination of 

prior art references must demonstrate that one of ordinary skill in the art would 

have been motivated to combine the teachings of those references to achieve the 

claimed invention with a reasonable expectation of success. It is my understanding 

that it is not sufficient to show that one of ordinary skill in the art could combine 

elements of multiple references. Instead, there must be a rational reason that would 

have prompted a POSITA to combine the elements in the way the claimed 

invention does; and the reason should be explained or articulated.  

13. I understand a combination of references would not have been 

obvious if the alleged modification(s) to be made to the reference(s) are 

inconsistent with the stated goals of the reference(s). I understand a combination of 

references would not have been obvious if the modification of the reference(s) to 

derive what is claimed would render the reference(s) unsatisfactory or inoperable 

for their intended purpose. I further understand the party asserting obviousness 

must explain why a POSITA would have selected components for combination in 

the manner claimed.  

14. It is my further understanding that an invention would not have 

necessarily been obvious simply because all the elements of the invention may 
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have been known separately in the prior art; there must be a reason to combine the 

separately known elements. Obviousness cannot be based on a hindsight 

combination of components selectively picked from the art using the claims as a 

guide. 

A. Level of Ordinary Skill in the Art 

15. I understand that certain issues in an IPR, such as claim construction 

and whether a claim is invalid as obvious, are assessed from the view of a 

hypothetical POSITA at the time of filing a patent application on the invention. I 

understand there are multiple factors relevant to determining the level of ordinary 

skill in the art, including: (1) the level of education and experience of persons 

working in the field at the time of the invention; (2) the sophistication of the 

technology; (3) the types of problems encountered in the field; and (4) the prior art 

solutions to those problems. 

16. In view of the above and based on my experience and knowledge, I 

believe a hypothetical POSITA with regard to the ’048 Patent is someone having a 

bachelor’s degree and two or more years of experience or a master’s degree 

in organic synthesis or chemical engineering, with education substituting for 

experience and vice versa.  
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B. Priority of the ’048 Patent 

17. The ’048 Patent claims priority from a chain of applications 

originating with U.S. Provisional Application No. 62/623,985, filed on January 20, 

2018 (Priority Date). See ’048 Patent.  

C. Claim Construction 

18. I understand claim construction in an IPR proceeding is a legal 

question for the Patent Trial and Appeal Board (PTAB or Board).  In general, I 

understand the Board construes claim terms according to their ordinary and 

customary meaning, as understood by a POSITA, in the context of the patent at the 

time of the Priority Date. 

19. I also understand that when construing claim terms, the Board looks to 

what claim terms would mean to a POSITA in the relevant art in view of the plain 

language of the claim, the description in the patent, and the prosecution history of 

the patent. The Board may also consider extrinsic evidence, such as dictionaries; 

however, the descriptions in the patent and prosecution history carry more weight 

than extrinsic evidence. 

20. I have been informed by counsel for Petitioner that the proper 

construction for “about 5 to about 20 carbon atoms” (’048 Patent) is “4 to 21 

carbon atoms.” I have applied this construction in my analysis of the claims. 
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V. BACKGROUND 

A. Summary of the Invalidity of the Inolex Patents 

21. The ’048 Patent claims various aspects of well-known processes for 

converting a bio-1-alcohol into a corresponding bio-1-alkene. It is my opinion that 

before the Priority Date of the ’048 Patent, a POSITA seeking a “green” or 

“natural” version of a bio-1-alkene would look to references like Le or Wright 

’788, which describe processes for making bio-1-alkenes from new carbon sources 

(from renewable or green carbon feedstock).  

22. For instance, as set out in Le and Wright ’788, discussed below, 

renewable or green carbon feedstock is routinely processed into bio-1-alcohols 

having a carbon chain length of five or more carbon atoms. These bio-alcohols are 

converted into corresponding bio-1-alkenes having the same number of carbon 

atoms via dehydration. A POSITA would understand that the reactions set out in 

Le and Wright ’788 are highly regioselective, generating greater than 95% bio-1-

alkene and less than about 5% of impurities. The relevant source and outputs of the 

methods described in Le and Wright ’788 are illustrated below: 
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Illustration of Le and Wright ’788 teachings 

23. Accordingly, before the Priority Date of the ’048 Patent, a POSITA 

would expect to successfully obtain bio-1-alkenes with high regioselectivity by 

simply dehydrating bio-1-alcohol using well-known methods, as described in detail 

below.  

B. New Carbon Compounds and Fossil Carbon Compounds 
Have the Same Properties and Chemical Reactivity 

24. Compounds formed from new carbon compounds will have the same 

properties and chemical reactivity as the corresponding compounds formed from 

fossil carbon compounds. The difference between new carbon and fossil carbon is 

the age of the carbon compounds. Fossil carbon includes old carbon compounds 

found in petroleum and coal which formed millions of years ago, largely during the 

Mesozoic era. The carbon compounds in petroleum and coal are therefore millions 

of years old. Compounds derived from modern-day plant and animal origins, 
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however, contain new carbon compounds. Modern-day plants absorb carbon 

dioxide from the Earth’s current atmosphere. Plants absorb the carbon dioxide and 

convert it into new organic compounds via photosynthesis. Because these new 

organic compounds are formed from modern-day carbon dioxide, they contain new 

carbon atoms. Animals eat plants and therefore animals also provide a source of 

“new carbon” compounds. 

25. Two differences between new carbon compounds and fossil 

carbon compounds are the percentage of carbon-14 (14C) and the percentage 

of deuterium present in the compounds. Fossil carbon compounds contain 

less 14C than new carbon compounds. Over long periods of time 14C decays 

into nitrogen (14N). Fossil carbon compounds are millions of years old and 

therefore some of the original 14C has decayed into 14N. The proportion of 

14C even in new carbon compounds is less than 1%. The small differences in 

14C substitution will not influence the chemical reactions discussed in this 

declaration or the physical properties of the products of those reactions. In 

other words, the age of the carbon compounds does not alter the chemical 

reactivity of the compounds or physical properties of the compounds. This would 

have been known and well-understood by a POSITA at the time of the invention. 

26. The other difference between new carbon compounds and fossil 

carbon compounds is the deuterium substitution. One measure of deuterium 
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concentration availability is the concentration of deuterium in the ocean, 

which is one part in 6400 compared to normal hydrogen. The deuterium 

(heavy hydrogen) content of new carbon compounds can differ from this 

measure by parts-per-million, as can the deuterium (heavy hydrogen) 

content of carbon compounds derived from petroleum or coal. A POSITA 

would understand that parts-per-million differences in deuterium 

substitution, already only one part in 6400, would also have no impact on 

the chemical reactions described in this declaration. The small differences in 

deuterium substitution will also not influence the physical properties of the 

products of those reactions. Again, the age of the carbon compounds does not 

alter the chemical reactivity of the compounds or physical properties of the 

compounds. 

27. A POSITA would understand that the choice of new carbon versus 

fossil carbon starting materials might be driven by many considerations, e.g., 

marketing, cost, availability, but would not be based on any fundamental 

differences in the chemistry. See, e.g., Reck at 357; Kreutzer at 344. Further to 

this point, it is my opinion that a POSITA would understand that the origins of the 

carbon and hydrogen in a chemical compound, while having some marketing 

impact on the final product, does not alter the operation of the reaction when 

dehydrating a 1-alcohol to a 1-alkene. While the content of the starting materials 
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(e.g., unwanted impurities, etc.) and reaction conditions (e.g., temperature, 

catalysts, etc.) can impact the outcome of a reaction, minor differences in the stable 

isotope composition of the starting materials will not impact the reaction. Indeed, if 

the starting materials were 100% new carbon, 100% fossil carbon, or a mixture of 

the two, when used in a reaction, it would have no significant effect on the 

outcome. 

28. The term “bio” is often used in the art to describe compounds derived 

from new carbon (“bio-compounds”), i.e., compounds derived from current plant 

or animal origins. Bio-compounds are considered renewable and therefore more 

environmentally sustainable. The POSITA would know that bio-compounds have 

been available long before the Priority Date of the ’048 Patent. For example, new 

carbon compounds were investigated as starting materials in the 1940’s because 

the United States government limited access to petroleum products due to the 

outbreak of World War II. 

29. A particularly important class of bio-compounds is bio-alcohols. Bio-

alcohols are used widely for many reasons, for example, as fuel, in polymerization 

reactions, in cosmetics and other consumer products, etc. A POSITA would have 

known before the Priority Date of the ’048 Patent that bio-alcohols were available 

and could be easily obtained or prepared by a variety of well-known methods. For 

example, bio-alcohols were prepared by reduction of fatty acids and esters present 
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in vegetable oils and animal fats, or by fermentation with yeast or bacteria 

(enzymatic reduction). See, e.g., Le and Vecchini. Furthermore, bio-1-alkenes were 

prepared by oligomerization of bio-ethylene. Vermeiren at 1:33-46. 

30. The starting alcohol in the ’048 Patent is referred to as a “bio-1-

alcohol”. ’048 Patent at 14:23-25. A POSITA would understand that a bio-1-

alcohol is a 1-alcohol derived from modern-day vegetable or animal origins rather 

than from petroleum or coal. The use of bio-alcohols as starting materials 

for commercial chemical production was known before the Priority Date of 

the ’048 Patent. Colby at 2:6-8; 9:41-53; 10:61-11:8; 12:64-13:14. 

31. For example, it was well-known to use biomass as a starting 

material to derive end-products via fermentation. Parekh at Abstract, 16:53-

21:18. Parekh explains, “demand for renewable fuels and chemical[s] is 

growing significantly and is required to reduce reliance on petroleum-based 

products….” Parekh at 1:14-16; Alibhai at 1:31-4:44. Parekh describes a 

process for using biomass feedstock, a catalyst, and fermentation to create 

end products including bio-1-alkenes, bio-1-alcohols, and bio-diols, 

amongst many other more complicated end products. Parekh at 16:53-21:18; 

Alibhai at 7:49-51. A POSITA would understand that these bio-compounds 

were well-known and the processes for creating them were also well-known 
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before to the Priority Date of the ’048 Patent. See, e.g., Reck at 355-365; 

Kreutzer at 343-347. 

32. A POSITA also would have known that bio-1-alcohols can be 

formed via numerous different chemical pathways, including hydrogenation 

Makgoba at 3.3, from fatty acids, cracking ethers, or other product’s waste 

material, amongst others. See, e.g., Makgoba at 3.3; Koivusalmi at 3:48-57. 

Notwithstanding the multiple known pathways for creating bio-1-alcohols, 

bio-1-alcohols were commercially available and readily obtainable before 

the Priority Date of the ’048 Patent. See, e.g., Koivusalmi at 3:58-4:29. 

C. Technology of the ’048 Patent  

33. As of the Priority Date of the ’048 Patent, in my opinion, all of 

the chemical products and reactions claimed in the ’048 Patent were well 

known, and had been well known for decades. For example, the chemical 

reactions described in the ’048 Patent are taught in entry-level organic 

chemistry textbooks. The ’048 Patent does not explain or identify how or 

why its chemical products and reactions differ from those known in the art.  

34. The ’048 Patent describes dehydrating a bio-1-alcohol by 

heating in a reactor with a catalyst to form the corresponding bio-1-alkene. I 

understand that according to the ’048 Patent, “bio”-compounds such as bio-

alcohols and bio-alkenes are compounds derived from new carbon sources 
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such as plants and animals. The ’048 Patent explains, that “[t]rue natural 

products (bio-compounds) are formed using biomass (e.g., material stored 

from carbon cycle processes in living plants and roots, etc. or released 

through animal respiration or through decomposition). ’048 Patent, 3:47-50. 

The ’048 Patent specifically states that bio-compounds “are intended to 

include materials derived from the carbon of plant sources/biomass, that 

exist recently and are also sustainable, and are not derived from fossil 

fuels.” ’048 Patent, 3:53-56. As discussed above, the use of new carbon has 

no affect on the proposed chemical reactions or products of the ’048 Patent 

or the prior art discussed below. 

35. The dehydration of the 1-alcohol (also known as a primary 

alcohol) to the 1-alkene (also known as a terminal alkene or alpha olefin) is 

“one of the oldest catalytic reactions….” See, e.g., Koivusalmi at 4:20-22; 

see also Tiitta at 3:9-18; Ziehe at 1:9-19. This straightforward reaction 

appears in entry-level organic chemistry textbooks, and has been a part of 

the scientific literature for decades. Wade p. 312-314; Komarewsky p. 557-

558.  

36. The conversion of 1-octanol (a 1-alcohol or primary alcohol 

having a carbon chain length of 8) to 1-octene (a 1-alkene or terminal alkene 

having a carbon chain length of 8) is shown below: 
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Figure 2: Conversion of 1-octanol to 1-octene 

37. Acid-catalyzed dehydration of the 1-alcohol occurs when an 

acid donates a proton to the OH-group of the alcohol. This leads to the 

protonated alcohol as illustrated below. As the protonated alcohol leaves as 

water (H2O) the proton on the adjacent carbon is also lost, resulting in the 

alkene. Wade p. 312-314. This conversion is represented by the reaction 

equation below: 

 

Figure 3: Dehydration of 1-octanol to 1-octene under acid catalysis 

38. It is well-known that the intermediate compound (the protonated 

alcohol) can undergo additional reactions based on the reaction conditions. 

Colby at 8:17-29. Specifically, the intermediate protonated alcohol can react 

with another molecule of the primary alcohol starting material. This reaction 

will result in the formation of the protonated ether, which is also referred to 
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in the art as a “protonated dimer.” The protonated ether (or protonated 

dimer), however, is typically not problematic because under conditions for 

the acid-catalyzed dehydration, the protonated ether (or protonated dimer) 

can convert to the desired 1-alkene and the 1-alcohol, as shown below. The 

1-alcohol can then be converted to the desired 1-alkene. 

 

Figure 4: Reaction between primary and protonated alcohol 

39. Isomerization of alkenes is a well-known concept in organic 

chemistry, taught in entry-level organic chemistry classes. Isomerization 

outcomes are predictable and were known prior to the Priority Date of the 

’048 Patent. An example of isomerization can be shown with the primary 

alkene (1-octene) depicted in the dehydration reaction discussed above. The 

primary alkene (1-octene) can isomerize in the presence of an acid to form a 

2-alkene (2-octene), as shown below. The isomerization will proceed by 

protonation of the 1-alkene to give the intermediate carbocation. The 2-

alkene is then formed by loss of a proton from the adjacent carbon. The 

isomerization reaction of the primary alkene to form the 2-alkene will 
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deplete the yield of the 1-alkene product from the dehydration reaction 

described above. Therefore, a POSITA would seek to minimize 

isomerization in the manufacture of 1-alkenes. 

 

Figure 5: Isomerization from 1-alkene to 2-alkene 

40. It was known before the Priority Date of the ’048 Patent that to 

obtain high yields of 1-alkenes, and avoid isomerization reactions, the 1-

alkenes should be removed from the acid-catalyzed dehydration reaction as 

quickly as possible. This process was known and extensively practiced prior 

to the filing date of the ’048 Patent. Komarewsky p. 557-558. 

41. The dehydration reaction discussed above has been known for 

decades and has been and is practiced on metric ton scale. The reactions 

have been optimized for various starting and ending conditions to prioritize 

production of 1-alkenes. For example, dehydration reactions are often 

carried out continuously, especially on an industrial scale. The desired 1-

alkenes are continuously removed so they cannot undergo isomerization, 
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and the unreacted starting 1-alcohols are recycled back into the dehydration 

reaction.  

42. The process of removing 1-alkenes to prevent isomerization has 

been known since at least 1945, as evidenced by Komarewsky. Komarewsky 

dehydrated 1-octanol to form 1-octene by flow over a hot alumina catalyst. 

Komarewsky at 557-558. Komarewsky reported “a small amount (of the order of 

2%) impurity in the product.” Komarewsky at 558. Komarewsky indicates the 

small amount of impurity includes “trans-octenes” (2-, 3-, or 4-). Komarewsky at 

558. Komarewsky shows similar results with 1-hexanol and Appleby shows similar 

results with 1-heptanol. Appleby at 1938-1939. It was also known that a catalyst 

with excess acidic sites could be altered to control (limit) formation of such 

impurities. Wu at 2:24-36. 

43. A POSITA, based on the general understanding of dehydration 

reactions discussed above, as evidenced by Komarewsky, Appleby, Ziehe, and Wu, 

would understand that isomerization is slower than dehydration resulting in only 

“about 2%” of the 1-alkenes being isomerized.  

44. A POSITA would seek to optimize the conversion of 1-alcohol 

to 1-alkene, for example, by adjusting reaction temperatures, modifying 

catalysts, changing flow rates, etc. This is illustrated by Wright ’788. Wright 

’788 explains, “[a] purge gas is used to control dwell time in the reactor 
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chamber and the temperature is modified to optimize bio-1-alkene 

production for a particular bio alcohol feedstock.” Wright ’788 at [0030]. 

Extensive literature relating to the optimization of such parameters was 

available to a POSITA before the Priority Date of the ’048 Patent. See, e.g., 

Voeste (translation) at 2-3. 

45.  Before the Priority Date of the ’048 Patent, a POSITA would 

understand that varying one parameter of a reaction design might influence 

another parameter. For example, optimizing for yield might require more 

energy consumption (e.g., higher temperatures). On the other hand, 

optimizing for energy consumption (e.g., using lower temperatures) might 

produce less pure final product. A POSITA would appreciate how multiple 

variables can be adjusted to achieve a desired outcome.  

46. A POSITA optimizes reaction conditions to achieve a desired 

outcome (or “sufficient” outcome). For example, a desired outcome might 

be obtaining a product with 90% yield and 95% purity. To reach this desired 

outcome, the POSITA would vary reaction conditions until the POSITA 

reached or exceeded the desired outcome. There are multiple ways to 

achieve a desired outcome. In other words, there is not just one “optimal” 

set of conditions. In most cases, as in dehydration reactions, there are 

multiple ways variables can be optimized to achieve a desired outcome. The 
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figure below illustrates this point for just two reaction variables—

temperature and flow rate. Dehydration reactions typically proceed more 

quickly at higher temperatures. Flow rate determines how long reactants are 

available to react with one another. Therefore, a high temperature combined 

with a high flow rate could lead to the desired outcome. Alternatively, a 

lower temperature combined with a slower flow rate could also lead to the 

desired outcome. This concept applies to a multitude of other reaction 

conditions including, for example, types of catalysts and methods for 

preparing the catalysts. Thus, a POSITA understands there is not only one 

single unique combination of optimized parameters required to successfully 

achieve a desired outcome.  

 

Figure 6: Optimization of two variables 

47. A POSITA would know and understand that commercial scale 

dehydration reactions are common and have been carried out for decades. For 

example, SASOL, a chemical company, has been commercially producing 1-

octene via dehydration of 1-octanol for many years, and certainly before the 
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Priority Date of the ’048 Patent. See, e.g., De Bruyn. The process at commercial 

scale is well-understood and predictable.  

VI. THE PROCESS DESCRIBED IN THE ’048 PATENT WAS WELL-
KNOWN 

A. Le Renders Claims 1-6, 8-10, 22, 23, and 26-28 of the ’048 
Patent Obvious under 35 U.S.C. § 103 

 Summary of the Ground and Reasons to Combine 
References 

48. A POSITA would understand that Le teaches the elements of claims 

1-6, 8-10, 22, 23, and 26-28. Furthermore, a POSITA would understand that even 

without explicit reference to regioselectivity, the dehydration reaction taught by Le 

produces primarily bio-1-alkenes. A POSITA would understand how to design a 

reaction so that the dehydration of the bio-1-alcohol would result in predominantly 

the bio-1-alkene. The preference for 1-alkene formation via dehydration of 1-

alcohols with γ-alumina catalysts has been known for decades. For example, a 

POSITA would have understood the conditions for Le’s dehydration reaction 

produces the corresponding 1-alkene with very high regioselectivity, e.g., greater 

than 95% bio-1-alkene. 
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 Claim 1 

A method for making a bio-alkene, comprising: dehydrating a bio-
1-alcohol by heating the bio-1-alcohol in a reactor with a catalyst, 

49. A POSITA would have understood that when Le teaches an alcohol 

“is obtained from a fatty substance consisting of a plant oil and/or of an animal fat, 

which is extracted from renewable resources” that the alcohol is a “bio-alcohol.” 

Le at [0023]; see also Le at [0036]-[0037], [0053-0057], [0062] (Le’s process 

creates “a mixture of alkene and water”), [0063] (“from the starting materials of 

renewable origin”), and [0086]-[0089]. In one example, Le teaches, “plant oil 

comprising ricinoleic acid” which includes castor oil, is processed to obtain 

heptan-1-ol (1-heptanol) that is then dehydrated “so as to form 1-heptene.” Le at 

[0101]-[0105]. Le also teaches purification of the bio-alcohol by distillation prior 

to dehydration. Le at [0093]. A POSITA would have understood that the alcohol 

(e.g., 1-heptanol) and the alkene (e.g., 1-heptene) in Le’s method are a bio-alcohol 

and a bio-alkene, respectively, because they are derived from renewable plant oils 

and/or animal fats rather than petroleum or other fossil fuel sources.  

50. A POSITA would understand the initial alcohol is a bio-1-alcohol and 

the product is a bio-1-alkene because the starting materials in Le are derived from 

renewable plant oils and/or fatty substances. The ’048 Patent at 13:53-55 (“bio-

alkenes may be bio-1-pentene, bio-1-iso-pentene, bio-1-hexene, bio-1-heptene, 

…”). In my opinion the alkenes produced by Le fit within the definition of “bio” 
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provided by the ’048 Patent, because they are “derived from the carbon of plant 

sources.” The ’048 Patent at 3:26-56. 

51. With regards to dehydrating the bio-alcohol, Le teaches: 

In order to form the olefin (a) according to the process of the invention, 
a dehydration step is carried out in a reactor so as to form a mixture 
of alkene and water.  

This dehydration step can be carried out in the presence of a 
dehydration catalyst, for example a γ-alumina-based catalyst, which 
may be acidic or basic, in the presence of the alcohols obtained from 
the starting materials of renewable origin. 

Le at [0062]-[0063] (emphasis added). A POSITA would have understood from 

Le’s disclosure that the bio-alcohol is dehydrated by heating, within a temperature 

range of 250 to 400 °C, in a reactor. Le at [0065] and [0171].  

52. Le teaches dehydrating alcohols obtained from renewable resources, 

such as plant oils. Le at [0027]-[0028], [0053], and [0094]-[0114]. Furthermore, a 

POSITA would have understood that the alkenes produced by dehydrating the bio-

1-alcohols are bio-1-alkenes, also known as bio-alpha-olefins. Le at [0027] and 

[0068]. Indeed, a POSITA would have understood Le’s numerous examples to 

disclose dehydrating bio-1-hexanol, bio-1-heptanol, and bio-1-nonanol (all bio-1-

alcohols) derived from plant oils into their respective same carbon length bio-1-

alkenes, 1-hexene, 1-heptene, and 1-nonene. Le at [0094]-[0105], [0110]-[0114], 

and [0117]; see also Le at [0168]-[0174] (example involving dehydrating 1-

heptanol derived from castor oil to make 1-heptene).  
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53. Finally, a POSITA would have understood the teaching of Le to 

disclose that the catalyst used in the dehydration reaction can be γ-alumina. Le at 

[0062]-[0064], [0066]. A POSITA would have understood that Le discloses the γ-

alumina can vary parameters of the catalyst including the catalyst being acidic, 

basic, doped, powder, granules, and having various pore sizes. Le at [0062]-[0064], 

[0066], [0119], and [0171]. Specific examples of commercially available catalysts 

that were used with Le’s process include “ESM 110®” produced by Eurosupport 

and “Pural® KR1” produced by Sasol, both of which were known γ-alumina 

catalysts. Le at [0064] and [0066]. 

54. Based on the disclosure of Le, a POSITA would have understood that 

Le describes dehydrating a bio-1-alcohol (e.g., 1-hexanol or 1-heptanol derived 

from plant oil) by heating the bio-1-alcohol in a reactor (e.g., at 250 to 400 °C) 

with a catalyst (e.g., a γ-alumina catalyst) to create a bio-1-alkene (e.g., 1-hexene 

or 1-heptene).  

wherein the resulting bio-alkene has a carbon chain of about 5 to 
about 20 carbon atoms and a bio-1-alkene regioselectivity of at least 
about 80%. 

55. Le expressly teaches “an olefin, derived from renewable materials, 

having a number of carbon atoms included in the range of from 6 to 9.” Le at 

[0002]; see also Le at [0007], [0019]-[0020], [0059], and [0117] (Le produced 

alkenes with 6 to 9 carbon atoms). As discussed above, Le specifically teaches how 
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to dehydrate bio-1-hexanol, bio-1-heptanol, and bio-1-nonanol into their respective 

same carbon chain length bio-1-alkenes, e.g., bio-1-hexene, bio-1-heptene, and 

bio-1-nonene respectively. Le at [0094]-[0105], [0110]-[0114], and [0117]; see 

also Le at [0168]-[0174] (example involving dehydrating bio-1-heptanol derived 

from castor oil to make bio-1-heptene). The carbon chain lengths of bio-1-hexene, 

bio-1-heptene and bio-1-nonene are 6, 7, and 9, respectively.  

56. While Le does not use the word “regioselectivity”, a POSITA knows 

that regioselectivity merely describes the preference of a process to form one 

specific regioisomer over another regioisomer. Wade at 339. For example, when 

there are multiple regioisomeric products available for a reaction, and one of those 

regioisomers is favored, a POSITA would understand the reaction to be 

regioselective. A POSITA would recognize that the product 1-alkene from the 

dehydration can isomerize and therefore could optimize reaction conditions to 

avoid isomerization. A POSITA would also understand and know how to design a 

protocol that converts a 1-alcohol primarily to the 1-alkene, with high 

regioselectivity.  

57. A POSITA would have also understood that Le’s invention teaches 

the production of the bio-alpha-olefin with very limited contamination by 

regioisomers. Le at [0012] and [0021]. Le also teaches that “when the saturated 

alcohol is not in the alpha-position, a mixture of two or more regioisomers is 
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formed.” Le at [0068]. A POSITA therefore would have understood the importance 

of using the bio-1-alcohol in the dehydration to make the bio-1-alkene, as the bio-

1-alkene is the kinetic product from the dehydration of the bio-1-alcohol.  

58. The high preference for 1-alkene formation on dehydration of 1-

alcohols with γ-alumina catalysts had been known for more than 50 years prior to 

the filing of the ’048 Patent. A POSITA would therefore expect that the conditions 

of the dehydration reaction taught by Le would lead to the 1-alkene product with 

high regioselectivity. The POSITA would also observe that Le easily distinguished 

between the 1-octene and the 2-octene obtained when the starting alcohol was 2-

alcohol. Le at [0108]-[0109].  

59. A POSITA would also understand that if impurity production 

increased above 5%, the impurities would be easily detectable by magnetic 

resonance analysis. Accordingly, a POSITA would understand that Le’s “single 

isomer” is at least 95% 1-alkene because if there were any significant impurity 

production it would have been readily apparent and reported. Therefore, a POSITA 

would understand that although Le does not use the term regioselectivity, Le’s 

method of obtaining a single isomer of the bio-1-alkene results in a bio-1-alkene 

regioselectivity of greater than 95%. 

60. A POSITA would expect that significant unexpected impurities would 

be addressed by the author of a paper and/or patent. Therefore, based on the known 
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outcomes of the bio-1-alcohol dehydration reactions as well as the disclosure of Le 

failing to identify any regioisomeric product, a POSITA would have understood 

that the 1-heptene and 1-nonene reported were not contaminated with significant 

amounts (e.g., greater than 5%) of reaction impurities.  

61. A POSITA would have understood purification was a common 

process step before, during, and after a reaction. Further, Le provides at least one 

example where the bio-1-alcohol was purified prior to the dehydration that formed 

the corresponding bio-1-alkene. Le at [0171] (“After separation of 1-heptanol from 

the other compounds, the 1-heptanol is injected, in order to dehydrate it…”), 

[0172] (“the mixture of water and 1-heptene produced”).  

62. Therefore, a POSITA would understand that Le’s described process 

results in the production of a single regioisomer of the bio-1-alkene with a 

regioselectivity of greater than 95%. 

 Claims 2-4 

Claim 2. The method of claim 1, wherein the bio-alkene has a 
carbon chain of about 6 to about 14 carbon atoms. 

Claim 3. The method according to claim 2, wherein the bio-alkene 
has a carbon chain length of about 6 to about 10 carbon atoms. 

Claim 4. The method according to claim 3, wherein the bio-alkene 
has a carbon chain length of about 6 to about 8 carbon atoms. 

63. Le describes a process for making bio-1-alkenes having carbon chain 

lengths from six to nine carbon atoms. Le at [0002]; see also Le at [0007], [0019]-
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[0020], [0059], and [0117]. A POSITA would understand that Le’s process could 

also be used to prepare bio-alkenes of shorter or longer carbon chains.  

64. Le specifically teaches dehydrating bio-1-hexanol, bio-1-heptanol, 

and 1-nonanol into their respective same carbon length bio-1-alkenes, bio-1-

hexene, bio-1-heptene, and bio-1-nonene. Le at [0094]-[0105], [0110]-[0114], and 

[0168]-[0174].  

 Claim 5 

The method according to claim 1, wherein the bio-alkene is bio-
octene. 

65. Le teaches a POSITA a process for making bio-1-alkenes having 

carbon chain lengths of from six to nine carbon atoms. Le at [0002]; see also Le at 

[0007], [0019]-[0020], [0059], and [0117]. An olefin (an alkene) with 8 carbon 

atoms derived from plants as taught by Le would include bio-1-octene.  

66. Le provides an example of dehydrating bio-2-octanol into a mixture of 

bio-1-octene and bio-2-octene. Le at [0106]-[0109]. A POSITA would expect that 

dehydration of a bio-2-octanol would give this mixture, because a bio-2-octanol is 

expected to have greater isomerization during dehydration than a bio-1-octanol. Le 

at [0068]. A POSITA also would understand that Le likely selected bio-2-octanol 

for an example because it has ready availability, not because of any technical 

issues or difficulties obtaining and using bio-1-octanol. Le at [0068]. A POSITA 

would expect a bio-1-octanol used in the example above to produce “a single 



IPR2023-01035 
Patent No. 10,995,048 

35 

isomer (an alpha-olefin)”, bio-1-octene. Le at [0068]. Therefore, a POSITA would 

have understood that if the desired end-product were bio-1-octene (instead of a 

mixture of bio-1-octene and bio-2-octene), starting with bio-1-octanol would result 

in formation of primarily bio-1-octene, with greater than 95% regioselectivity. Le 

at [0068]. 

 Claim 6 

The method according to claim 1, wherein the reactor is a fixed bed 
reactor. 

67. Le teaches an example using a tubular reactor with a catalytic bed to 

dehydrate 1-heptanol to 1-heptene. Le at [0171]. A POSITA understands that the 

reactor taught by Le would be a fixed bed reactor because the catalytic bed is a 

fixed layer of “ESM110® alumina” within the tubular reactor that promotes the 

dehydration of the 1-heptanol.  

 Claim 8 

The method according to claim 1, wherein the catalyst is selected 
from ZnAl2O4 and a γ-alumina catalyst. 

68. Le teaches the catalyst used in the dehydration reaction can be γ-

alumina with varying parameters, such as the catalyst being acidic, basic, doped, 

powder, granules, and having various pore sizes. Le at [0062]-[0064], [0066], 

[0119], and [0171]. Specific examples of commercially available catalysts that can 

be used with Le are “ESM 110®” produced by Eurosupport and “Pural® KR1” 

produced by Sasol. Le at [0064] and [0066]. 
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 Claim 9 

The method according to claim 1, wherein the bio-alkene has a bio-
1-alkene regioselectivity of about 92% to about 99%. 

69. As discussed above with respect to Claim 1, a POSITA would 

understand that Le’s method delivers the bio-1-alkene with a regioselectivity of 

greater than 95%.  

 Claim 10 

The method according to claim 9, wherein the bio-alkene has a bio-
1-alkene regioselectivity of about 95% to about 99%. 

70. As discussed above with respect to Claim 1, a POSITA would 

understand that Le’s method delivers the bio-1-alkene with a regioselectivity of 

greater than 95%.  

 Claim 22 

The method according to claim 1, wherein the method comprises a 
distillation step to refine the bio-alkene. 

71. A POSITA understands, and Le teaches, the alpha-olefin/1-alkene 

created can be purified using known techniques, including “a distillation step.” Le 

at [0067]; see also Le at [0173] (example with step of purifying 1-heptene).  

 Claim 23 

The method according to claim 1, wherein the bio-alkene results 
from a process wherein the bio-1-alcohol in water is dehydrated by 
heating the bio-1-alcohol with a catalyst under a purge gas. 

72. Le describes dehydrating a bio-alcohol in the presence of a catalyst 

under a purge gas, such as “nitrogen, helium, argon, water, methane, propane, 
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butane and the other aliphatic or aromatic hydrocarbons.” Le at [0065]-[0066].  

Water was used earlier in the process, e.g., during the cracking step. Le at [0169]-

[0171]. A POSITA would understand that in the absence of explicit drying some 

water would be present in the starting bio-1-alcohol. Le does not explicitly dry the 

starting bio-1-alcohol. Therefore, water would have been present. Also, the bio-1-

alcohol of Le is in water because the dehydration process generates water in the 

mixture being dehydrated. Le at [0062].  

 Claim 26 

The bio-alkene made by the method of claim 1. 

73. A POSITA would have understood that Le teaches an alkene/olefin 

that “is obtained from a fatty substance consisting of a plant oil…extracted from 

renewable resources.” Le at [0023]; see also Le at [0036]-[0037], [0053]-[0057], 

[0062]-[0063] (Le’s process creates “a mixture of alkene and water…from the 

starting materials of renewable origin”) and [0086]-[0089]. In one example, Le 

teaches, “plant oil comprising ricinoleic acid” which includes castor oil, is 

processed to obtain heptan-1-ol (1-heptanol), which is then dehydrated “so as to 

form 1-heptene.” Le at [0101]-[0105], [0171]-[0172] (dehydrating 1-heptanol to 

form a “mixture of water and 1-heptene”). A POSITA understands that the alcohol 

(e.g., 1-heptanol) and the alkene (e.g., 1-heptene) formed from the alcohol in Le’s 
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method are a bio-alcohol and a bio-alkene since they are derived from renewable 

plant oils rather than petroleum or other fossil fuel sources.  

 Claim 27 

The bio-alkene according to claim 26, wherein the bio-alkene is 
selected from straight or branched chain bio-alkenes. 

74. A POSITA would have understood Le teaches “an olefin, derived 

from renewable materials, having a number of carbon atoms included in the range 

of from 6 to 9.” Le at [0002]; see also Le at [0007], [0019]-[0020], [0059] and 

[0117] (all noting Le’s invention comprises producing alkenes with 6 to 9 carbon 

atoms). A POSITA knows that an “olefin” is another name for an alkene.  

75. As discussed above, Le specifically teaches dehydrating bio-1-

hexanol, bio-1-heptanol and bio-1-nonanol into their respective same carbon chain 

length bio-1-alkenes, bio-1-hexene, bio-1-heptene and bio-1-nonene. Le at [0094]-

[0105], [0110]-[0114] and [0168]-[0174] (example involving dehydrating bio-1-

heptanol derived from castor oil to make bio-1-heptene). A POSITA understands 

the “1-hexene” nomenclature means that the double bond is between the 1st and 2nd 

carbon atoms in a straight chain of 6 carbons. If the carbon chains were branched, 

cyclical, or other non-linear structure the name would follow an alternative IUPAC 

naming convention and not be referred to as the “1-alkene”.  

 



IPR2023-01035 
Patent No. 10,995,048 

39 

 Claim 28 

The bio-alkene according to claim 26, wherein the resulting bio-1-
alkene is selected from bio-1-pentene, bio-1-iso-pentene, bio-1-
hexene, bio-1-heptene, bio-1-octene, bio-1-nonene, bio-1-decene, 
and bio-1-dodecene. 

76. Le expressly teaches “an olefin, derived from renewable materials, 

having a number of carbon atoms included in the range of from 6 to 9.” Le at 

[0002]; see also Le at [0007], [0019]-[0020], [0059] and [0117] (Le produced 

alkenes with 6 to 9 carbon atoms). As discussed above, Le specifically describes 

dehydrating bio-1-hexanol, bio-1-heptanol and bio-1-nonanol into their 

corresponding same carbon chain length bio-1-alkenes, e.g., bio-1-hexene, bio-1-

heptene and bio-1-nonene respectively. Le at [0094]-[0105], [0110]-[0114] and 

[0117]; see also Le at [0168]-[0174] (example involving dehydrating bio-1-

heptanol derived from castor oil to make bio-1-heptene).  

B. Le in view of Cheng Renders Claims 24 and 25 of the ‘048 
Patent Obvious under 35 U.S.C. §103 

 Summary of the Ground and Reason to Combine 

77.  A POSITA would be motivated to combine Le with Cheng because 

“…vicinal alkanediols, such as 1,2-alkane diols…” taught by Cheng have known 

commercial applications and would be motivated to proceed in this manner to 

reduce dependency of fossil fuels. See e.g., Furuya and Cheng. Further, a POSITA 

would understand that bio-1-alkenes are known chemical precursors for the 

manufacture of valuable commercial products. For example, Cheng describes a 
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“commercially attractive way[]” of using the bio-1-hexene of Le to prepare a 

vicinal alkanediol. Cheng at 1:6-10 and 1:40-48. Therefore, a POSITA would 

combine Le and Cheng to convert 1-hexene to 1,2-epoxyhexane, and subsequently 

convert the 1,2-epoxyhexane to 1,2-hexanediol. Cheng at 13:56-14:58 and 16:1-40. 

A POSITA would be motivated to use a known product, e.g., bio-1-alkene, in a 

known method, e.g., converting to vicinal diols, to obtain commercially valuable 

1,2-alkanediols. 

 Claim 24 

The method according to claim 1, wherein the bio-alkene is further 
reacted to form a bio-based compound different from the bio-
alkene or a bio-based polymer. 

78. A POSITA would know that there has been substantial commercial 

development around the conversion of 1-alkenes into consumer products, e.g., 1,2-

alkanediols. See, e.g., Furuya and Cheng. Le also describes a process of 

polymerizing an olefin having 6 to 9 carbon atoms from “renewable materials” to 

produce a polymer. Le at [0002]. Furthermore, it would have been obvious to a 

POSITA that the alkene produced by Le, e.g., 1-bio-hexene, can be converted to a 

different bio-based compound. For example, a POSITA would have understood 

that Le can be combined with Cheng which provides an example for converting a 

1-hexene to a 1,2-epoxyhexane, that is subsequently converted to a 1,2-hexanediol. 

Cheng at 13:55-14:58 and 16:1-40. Combining Le with Cheng would be obvious to 
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a POSITA because “…vicinal alkanediols, such as 1,2-alkane diols…” are used for 

commercial applications, and Cheng describes a “commercially attractive way[]” 

of using the hexene product of Le. Cheng at 1:6-10 and 1:40-48.  

 Claim 25 

The method according to claim 24, wherein the bio-alkene is 
further reacted by a free radical or a catalytic polymerization 
process to form a bio-based polymer. 

79. A POSITA would have understood that Le teaches the alpha 

olefins/bio-alkenes could be further subjected to catalytic polymerization to form 

bio-based polymers. Le at [0019]-[0026], [0036] and [0115]-[0130]. For example, 

a POSITA would have understood from the disclosure of Le that the polymer can 

be various densities of substituted polyethylene created from plant derived 

ethylene. Le at [0115]-[0130]. In addition, Le states that “free-radical 

polymerization methods (in an autoclave reactor or a tubular reactor) can also be 

used.” Le at [0130]. 

C. Le in view of De Bruyn Renders Claims 1-6, 8-10, 22, 23, and 
26-28 of the ‘048 Patent Obvious under 35 U.S.C. § 103 

 Summary of the Ground and Reason to Combine 

80. A POSITA would have understood that the bio-1-alcohol of Le would 

predictably work in the process of De Bruyn, resulting in a highly regioselective 

bio-1-alkene product.  Because De Bruyn’s process was known and in use to make 

metric tons of 1-alkenes for the commercial market, a POSITA would readily 
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consult the literature related to the commercialization of dehydration reactions and 

rely on a well-known and predictable reaction scheme proven in the market as a 

starting point for developing an appropriate reaction scheme to produce 

substantially pure bio-1-alkenes. 

81. As described above in Section (VI)(A), Le describes obtaining 1-

alcohols from natural starting materials like plant oil. Le at [0023]; see also Le at 

[0036]-[0037], [0053]-[0057], [0062]-[0063], [0086]-[0089]. A POSITA would 

have understood that the bio-1-alcohols from Le can be used with De Bruyn, which 

describes a “dehydration process [that] may be used to convert the alcohol” to an 

alkene. De Bruyn at [0036].  

82. De Bruyn further suggests that “[p]referably the dehydration is carried 

out under low acidity conditions and a low acidity catalyst support such as Al2O3; 

SiO3; TiO2 or ZrO2 may be employed to afford a dehydration reaction at 

temperatures from 250 to 450 °C, typically from 250 to 350 °C.” De Bruyn at 

[0037]. For the catalyst, De Bruyn refers to “a gamma-alumina catalyst or a 

promoted alumina catalyst e.g., CaO.Al2O3, Ca2O3.Al2O3.” De Bruyn at [0037]. 

83. A POSITA reading De Bruyn would have understood the value of 1-

hexenes and 1-octenes as stand-alone products and as starting materials for other 

products. De Bruyn at [0002], [0006]. Further, a POSITA would have understood 

the advantages of combining the new carbon feedstocks taught by Le with the 
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dehydration process taught by De Bruyn. A POSITA would understand that the 

choice of bio-based versus petroleum starting materials would likely be driven by 

many considerations, e.g., marketing, cost, availability. It would have been 

straightforward and advantageous for a POSITA to use a known starting material, 

e.g., a bio-1-alcohol, in a known dehydration reaction, to produce a known 

product, e.g., bio-1-alkene, as outlined in De Bruyn. 

84. A POSITA would have understood that the dehydration reaction 

described by De Bruyn, including dehydration of the 1-hexanol or 1-octanol, using 

the bio-1-alcohols disclosed by Le would result in 1-hexene and 1-octene 

regardless of whether the alcohol was new carbon or petroleum based. A POSITA 

would also understand that using an alcohol from a new carbon source, rather than 

an alcohol derived from petroleum, would predictably yield a corresponding alkene 

such as a bio-1-hexene or bio-1-octene. Further, a POSITA would be motivated to 

use the new carbon feedstocks of Le for the reasons outlined above, including but 

not limited to, consumer demand, marketing advantages, and reducing 

environmental damage associated with petroleum-based starting materials.  
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 Claim 1  

A method for making a bio-alkene, comprising: 
dehydrating a bio-1-alcohol by heating the bio-1-alcohol in a 
reactor with a catalyst,  

85. Le teaches an alkene/olefin “is obtained from a fatty substance 

consisting of a plant oil…extracted from renewable resources.” Le at [0023]; see 

also Le at [0036]-[0037], [0053]-[0057], [0062]-[0063] (Le’s process creates “a 

mixture of alkene and water…from the starting materials of renewable origin”) and 

[0086]-[0089]. In one example, Le teaches, “plant oil comprising ricinoleic acid” 

which includes castor oil, is processed to obtain heptan-1-ol (1-heptanol), which is 

then dehydrated “so as to form 1-heptene.” Le at [0101]-[0105]. A POSITA 

understands that the alcohol (e.g., 1-heptanol) and the alkene (e.g., 1-heptene) in 

Le’s method are a bio-alcohol and a bio-alkene because they are derived from 

renewable plant oils rather than petroleum or other fossil fuel sources. 

86. De Bruyn teaches a method for making 1-alkenes by heating 1-

alcohols in a reactor with a catalyst. De Bruyn at e.g., [0010], [0033], [0036], 

[0053], [0068], [0081]. While the 1-alcohol discussed in De Bruyn is not 

specifically a “bio” alcohol, the dehydration reaction of the 1-hexanol or 1-octanol 

disclosed by De Bruyn would result in 1-hexene and 1-octene regardless of 

whether the alcohol was new carbon or petroleum based.  
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87. De Bruyn describes that “any suitable dehydration process may be 

used to convert the alcohol with the increased carbon chain length.” De Bruyn at 

[0036]. De Bruyn also teaches that “[p]referably the dehydration is carried out 

under low acidity conditions and a low acidity catalyst support such as Al2O3; 

SiO3; TiO2 or ZrO2 may be employed to afford a dehydration reaction at 

temperatures from 250 to 450 °C, typically from 250 to 350 °C.” De Bruyn at 

[0037]. For the catalyst, De Bruyn describes using “a gamma-alumina catalyst or a 

promoted alumina catalyst e.g., CaO.Al2O3, Ca2O3.Al2O3.” De Bruyn at [0037]. 

88. A POSITA would have understood that De Bruyn provides several 

examples of viable dehydration reactions that could be applied to the bio-1-

alcohols of Le. In Example 3, De Bruyn describes a dehydration reaction that can 

be used with the bio-1-hexanol from Le. The dehydration reaction will take place 

in a reactor heated to 315 °C with a catalyst of gamma-Al2O3 to form 1-hexene. De 

Bruyn at [0053]. In Example 4, De Bruyn describes a dehydration reaction that can 

be used with the bio-1-hexanol from Le. The dehydration reaction will take place 

over a “ɣ-alumina catalyst (produced by SASOL Chemie, Pural KR1)” at 290 °C 

to produce 1-hexene. De Bruyn at [0068]-[0071]. In Example 5, De Bruyn 

describes a dehydration reaction that can be used with the bio-1-octanol of Le. The 

dehydration reaction takes place under the “experimental procedure employed 

during dehydration, … as described in example 4 … [at] a reaction temperature of 
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280 °C,” to produce 1-octene. De Bruyn at [0081]-[0083]. A POSITA would have 

understood the starting bio-1-alcohols from Le can be used as the starting materials 

of De Bruyn’s process, thereby creating a bio-1-alkene with the same chain length 

as the starting bio-1-alcohol. Further, a POSITA would understand that the reaction 

would produce bio-1-alkenes with the same regioselectivity and purity as described 

in De Bruyn.  

wherein the resulting bio-alkene has a carbon chain of about 5 to 
about 20 carbon atoms and a bio-1-alkene regioselectivity of at least 
about 80%. 

89. As discussed in Section VI(A) above, Le discloses a known process 

that “makes it possible to produce predominantly one olefin with a very limited 

number of isomers.” Le at [0012] and [0021]. Le also teaches that when a bio-1-

alcohol is dehydrated “a single isomer (an alpha-olefin) is obtained” as contrasted 

to “when the saturated alcohol is not in the alpha-position, a mixture of two 

isomers is formed.” Le at [0068].  

90. Further, Le expressly describes using the Sasol® Pural KR1 catalyst 

for the dehydration reaction. Le at [0066], [0068]-[0071]. A POSITA would have 

understood that De Bruyn uses the same Sasol® Pural KR1 catalyst used by Le. 

Further, De Bruyn provides several examples of a dehydration reaction using the 

same Sasol® catalyst used by Le. A POSITA would have expected that when using 

the same starting materials, i.e., 1-alcohol, and the same catalyst, i.e., Pural KR1, 
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that the reaction products from a combination of Le and De Bruyn would have 

resulted in a predictable end product, i.e., bio-1-alkene with high regioselectivity. 

91. As described above in ¶88, De Bruyn discusses multiple examples of 

dehydrating 1-alcohols. In Example 3, De Bruyn provides that the 1-hexanol 

converted to the 1-hexene, with a selectivity towards hexenes of 98.6%, of which 

97.5% was 1-hexene. De Bruyn at [0053]. A POSITA would understand the 

dehydration disclosed in Example 3 of De Bruyn to have a regioselectivity of 

97.5%.  

92. In Example 4, De Bruyn dehydrates 1-hexanol over a “γ-alumina 

catalyst (produced by SASOL Chemie, Pural KR1)” at 290 °C to produce 1-

hexene. De Bruyn at [0068]-[0071]. De Bruyn provides the product obtained from 

the dehydration of 1-hexanol at 76.5% conversion as follows:  
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De Bruyn at Table 10. A POSITA would understand the dehydration reaction of the 

bio-1-hexanol in Le produces bio-products in the following mass percentages, as 

evidenced by De Bruyn: 54.2% 1-hexene, 0.02% trans-3-hexene, 0.03% cis-3-

hexene, 0.39% trans-2-hexene, and 1.26% cis-2-hexene. As such, the 

regioselectivity of the dehydration reaction would be 97.0%, which is the percent of 

1-hexene relative to all hexene isomers (e.g., 54.2/(54.2+.02+.03+.39+1.26) = 

.9695).  

93. In Example 5, De Bruyn dehydrates an 85/15 mixture of 1-octanol 

and 2-methyl-1-heptanol, under the “experimental procedure employed during 

dehydration, … as described in example 4 … [at] a reaction temperature of 280 



IPR2023-01035 
Patent No. 10,995,048 

49 

°C,” to produce 1-octene. De Bruyn at [0080]-[0083]. De Bruyn provides the 

product obtained from the dehydration of the mixture as follows:  

 

De Bruyn at Table 14; see also De Bruyn at Figure 2 (showing percentage 

conversion, yield of octenes and purity versus time-on-stream.)  

94. A POSITA would understand that the dehydration reaction of bio-1-

octanol produced a target bio-1-octene product with a regioselectivity of at least 

97.4%. De Bruyn at Table 14. The mass percent purity of 1-octene is calculated 

based on the starting alcohol being 85% 1-octanol. The POSITA would also 

understand that the presence of the 2-methyl-1-heptanol would be removed from 

consideration in the calculation of the regioselectivity of the dehydration reaction 

of 1-octanol to 1-octene. De Bruyn at [0082]-[0083]. A POSITA starting with 
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higher purity 1-octanol would expect that the dehydration reaction would also 

produce 1-octene from 1-octanol with a regioselectivity of about 97.4%.  

95. A POSITA would know that the 2-methyl-1-heptanol impurity 

described by De Bruyn is created during the hydroformylation of 1-heptene. A 

POSITA would know that the 1-octanol derived from natural sources would not 

contain the 2-methyl-1-heptanol impurity, because hydroformylation would not 

have been employed in its production. When a bio-1-octanol is used as a starting 

material, a POSITA would expect the dehydration reaction of bio-1-octanol 

according to the method described in De Bruyn to result in a bio-1-octene with a 

regioselectivity of about 97.4%. 

96. In view of the above, a POSITA would understand that dehydrating 

Le’s bio-1-hexanol or bio-1-octanol using the reaction described in De Bruyn 

would lead to the corresponding bio-1-hexene and bio-1-octene with a 

regioselectivity of about 97.0 to 97.4% respectively.  
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 Claims 2-5 

Claim 2. The method of claim 1, wherein the bio-alkene has a 
carbon chain of about 6 to about 14 carbon atoms. 

Claim 3. The method according to claim 2, wherein the bio-alkene 
has a carbon chain length of about 6 to about 10 carbon atoms. 

Claim 4. The method according to claim 3, wherein the bio-alkene 
has a carbon chain length of about 6 to about 8 carbon atoms. 

Claim 5. The method according to claim 1, wherein the bio-alkene 
is bio-octene. 

97. As discussed above, De Bruyn discloses a process of forming 1-

hexene from 1-hexanol and 1-octene from 1-octanol. De Bruyn at [0008]-[0010].  

98. As described above in ¶ 88, De Bruyn discusses multiple examples of 

dehydrating 1-alcohols. In Example 3, De Bruyn describes dehydrating 1-hexanol 

in a reactor heated to 315 °C with a catalyst of gamma-Al2O3 to form 1-hexene. De 

Bruyn at [0053]. In Example 4, De Bruyn dehydrates 1-hexanol over a “ɣ-alumina 

catalyst (produced by SASOL Chemie, Pural KR1)” at 290 °C to produce 1-

hexene. De Bruyn at [0068]-[0071]. In Example 5, De Bruyn dehydrates 1-octanol, 

under the “experimental procedure employed during dehydration, … as described 

in example 4 … [at] a reaction temperature of 280 °C,” to produce 1-octene. De 

Bruyn at [0081]-[0083]. 

99. De Bruyn describes alpha-olefins with carbon chain lengths including 

a carbon chain length of 6, i.e., 1-hexene, and a carbon chain length of 8, i.e., 1-

octene. De Bruyn at [0013].  
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100. Additionally, as discussed above with respect to Claim 1, a POSITA 

would be motivated to combine the teachings of Le directed to the use of bio-1-

hexanol, bio-1-heptanol and bio-1-nonanol with the dehydration teachings of De 

Bruyn. As such, each of claims 2-5 are obvious over the combination of Le in view 

of De Bruyn.  

 Claim 6 

The method according to claim 1, wherein the reactor is a fixed bed 
reactor. 

101. In Example 3, De Bruyn describes a “vertical pipe reactor,” with a 

“catalyst bed of about 12 grams of gamma-Al2O3” that “was heated to 315 °C, and 

1-hexanol (98% pure) was fed into the reactor.” De Bruyn at [0053]. 

102. A POSITA would understand this “vertical pipe reactor” to be a 

fixed bed reactor. De Bruyn at [0053].De Bruyn describes a tubular reactor that is 

packed with solid gamma-Al2O3 catalyst particles. De Bruyn at [0053]. Further, De 

Bruyn does not describe movement of the catalyst. Rather, the catalyst is supported 

by a bed of quartz wool. De Bruyn at [0053]. Accordingly, a POSITA would 

understand that the vertical pipe reactor taught by Le in view of De Bruyn would 

be a fixed bed reactor because the catalytic bed is fixed within the vertical pipe 

reactor that promotes the dehydration of the 1-heptanol and/or 1-octanol.  
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 Claim 8 

The method according to claim 1, wherein the catalyst is selected 
from ZnAl2O4 and a γ-alumina catalyst. 

103. In Examples 4 and 5, De Bruyn describes that the catalyst is “ɣ-

alumina catalyst (produced by SASOL Chemie, Pural KR1).” De Bruyn at [0068]-

[0071] and [0081]. A POSITA would understand from this disclosure of Le in 

view of De Bruyn that the dehydration reaction of bio-1-alcohols can be effected 

with a ɣ-alumina catalyst. 

 Claim 9 

The method according to claim 1, wherein the bio-alkene has a bio-
1-alkene regioselectivity of about 92% to about 99%. 

104. As discussed above in ¶¶92-95, a POSITA would understand that 

when Le is combined with De Bruyn, for the target bio-1-hexene, the dehydration 

reaction produced 1-hexene at 54.2%, trans-3-hexene at 0.02%, cis-3-hexene at 

0.03%, trans-2-hexene at  0.39%, and cis-2-hexene at 1.26%. As such, the 

regioselectivity of the dehydration reaction would be 97.0%, e.g., 

54.2/(54.2+.02+.03+.39+1.26) = .9695. De Bruyn at Table 10. 

105. Likewise, A POSITA would understand that the combination of Le 

and De Bruyn for the target bio-1-octene of Example 5, the dehydration reaction 

produced 1-octanol with a regioselectivity of at least 97.4%. De Bruyn at Table 14; 

see also De Bruyn at Figure 2 (showing percentage conversion, yield of octenes 

and purity versus time-on-stream.). 
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 Claim 10 

The method according to claim 9, wherein the bio-alkene has a bio-
1-alkene regioselectivity of about 95% to about 99%. 

106. As discussed above in ¶¶92-95, a POSITA would understand that 

when Le is combined with De Bruyn for the target bio-1-hexene, the dehydration 

reaction produced 1-hexene at 54.2%, trans-3-hexene at 0.02%, cis-3-hexene at 

0.03%, trans-2-hexene at  0.39%, and cis-2-hexene at 1.26%. As such, the 

regioselectivity of the dehydration reaction would be 97.0%, e.g., 

54.2/(54.2+.02+.03+.39+1.26) = .9695. De Bruyn at Table 10.  

107. Likewise, A POSITA would understand that for the target bio-1-

octene of Example 5, the dehydration reaction produced bio-1-octanol with a 

regioselectivity of at least 97.4%. De Bruyn at Table 14; see also De Bruyn at 

Figure 2 (showing percentage conversion, yield of octenes and purity versus time-

on-stream.). 

 Claim 22 

The method according to claim 1, wherein the method comprises a 
distillation step to refine the bio-alkene. 

108. A POSITA would understand that the combination of Le in view of 

De Bruyn discusses a distillation step to refine the final bio-1-hexene product. Le 

at [0067]-[0068]; see also Le at [0173] (example with step of purifying 1-heptene); 

De Bruyn at [0070].  
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 Claim 23 

The method according to claim 1, wherein the bio-alkene results 
from a process wherein the bio-1-alcohol in water is dehydrated by 
heating the bio-1-alcohol with a catalyst under a purge gas. 

109.  Le in view of De Bruyn teaches that it was known that the bio-1-

alcohol can be dehydrated in the presence of a catalyst under an inert purge gas 

such as “nitrogen, helium, argon, water, methane, propane, butane and the other 

aliphatic or aromatic hydrocarbons.” Le at [0065]-[0066]. Also, the bio-1-alcohol 

of Le in view of De Bruyn is in water because the dehydration process generates 

water in the mixture being dehydrated. Le at [0062]; De Bruyn at [0053]. 

 Claim 26 

A bio-alkene made by the method of claim 1. 

110.  A POSITA would understand that, as discussed above with respect to 

claim 1 in ¶¶85-96, that Le in view of De Bruyn teaches how to make a bio-1-

alkene, including at least bio-1-hexene and bio-1-octene. De Bruyn at [0013]. 

 Claim 27 

The bio-alkene according to claim 26, wherein the bio-alkene is 
selected from straight or branched chain bio-alkenes. 

111.  A POSITA would have understood that Le in view of De Bruyn 

teaches a dehydration reaction that produces linear unbranched olefins, preferably 

bio-1-alkenes, including at least bio-1-hexene and bio-1-octene. De Bruyn at 

[0013]. 
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 Claim 28 

The bio-alkene according to claim 26, wherein the resulting bio-1-
alkene is selected from bio-1-pentene, bio-1-iso-pentene, bio-1-
hexene, bio-1-heptene, bio-1-octene, bio-1-nonene, bio-1-decene, 
and bio-1-dodecene. 

112. A POSITA would have understood that Le in view of De Bruyn 

teaches a dehydration reaction that produces at least bio-1-hexene and bio-1-

octene. De Bruyn at [0013]. 

D. Le in view of De Bruyn and Cheng Renders Claims 24 and 
25 Obvious under 35 U.S.C. §103 

 Summary of the Ground and Reason to Combine 

113. In addition to the reasons to combine Le with De Bruyn, a POSITA 

would be further motivated to combine Le and De Bruyn with Cheng because 

“…vicinal alkanediols, such as 1,2-alkane diols…” taught by Cheng are used for 

known commercial applications and proceeding in this manner reduces dependence 

on fossil fuels. See e.g., Furuya and Cheng. Further, a POSITA would understand 

that bio-1-alkenes are known chemical precursors to commercial products and 

Cheng describes a “commercially attractive way[]” of using the bio-1-alkene 

products of Le in view of De Bruyn as a vicinal alkanediol. Cheng at 1:6-10 and 

1:40-48. For example, a POSITA would have understood that Le in view of De 

Bruyn can be combined with Cheng which provides an example for converting 1-

hexene to 1,2-epoxyhexane, that is then converted to 1,2-hexanediol. Cheng at 

13:56-14:58 and 16:1-40. Using a known product, e.g., bio-1-alkene, in a known 
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way, e.g., converting to vicinal diols, for known commercial applications would 

have motivated a POSITA to combine Le and De Bruyn with Cheng. 

 Claim 24 

The method according to claim 1, wherein the bio-alkene is further 
reacted to form a bio-based compound different from the bio-
alkene or a bio-based polymer. 

114. A POSITA would know that there has been substantial commercial 

development around the conversion of 1-alkenes into consumer products, e.g., 1,2-

alkanediols. See, e.g., Furuya and Cheng. Le in view of De Bruyn and Cheng also 

describes a process of polymerizing an olefin having 6 to 9 carbon atoms from 

“renewable materials” to produce a polymer. Le at [0002]. Furthermore, it would 

have been obvious to a POSITA that the alkene produced by Le in view of De 

Bruyn and Cheng, e.g., bio-1-hexene and bio-1-octene, can be converted to 

different bio-based compounds. For example, a POSITA would have understood 

that Le can be combined with De Bruyn and Cheng which provides an example for 

converting a 1-hexene to a 1,2-epoxyhexane, that is then converted to a 1,2-

hexanediol. Cheng at 13:56-14:58 and 16:1-40. Combining Le with De Bruyn and 

Cheng would be obvious to a POSITA because “…vicinal alkanediols, such as 1,2-

alkane diols…” are used for commercial applications, and Cheng describes a 

“commercially attractive way[]” of using the hexene product of Le. Cheng at 1:6-

10 and 1:40-48. 
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 Claim 25 

The method according to claim 24, wherein the bio-alkene is 
further reacted by a free radical or a catalytic polymerization 
process to form a bio-based polymer. 

115. A POSITA would have understood that Le in view of De Bruyn and 

Cheng teaches the alpha olefins/bio-alkenes could be further subjected to catalytic 

polymerization to form bio-based polymers. Le at [0019]-[0026], [0036] and 

[0115]-[0130]. For example, a POSITA would have understood from the 

disclosure of Le that including the bio-1-alkene with the plant derived ethylene in 

the polymerization led to substituted polyethylenes having a range of densities. Le 

at [0115]-[0130]. In addition, Le states that “free-radical polymerization methods 

(in an autoclave reactor or a tubular reactor) can also be used.” Le at [0130]. 

E. Wright ’788 Renders Claims 1-6, 8-10 22, 23, and 26-28 of 
the ’048 Patent Obvious under 35 U.S.C. §103 

 Summary of the Ground and Reason to Combine 

116. The POSITA would have expected, based on the volumes of literature 

describing the dehydration of 1-alcohols, that bio-1-octanol would be dehydrated 

in the same way and with substantially the same yields and the same high 

regioselectivity as petroleum based 1-octanol. See ¶¶ 21-47, above. Included in this 

literature is Wright ’788, which POSITA would have further encouraged a 

POSITA that the dehydration of 1-alcohols to 1-alkenes is not significantly 

impacted by the age of the carbon compounds using in the starting materials. A 
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POSITA reviewing the work of Wright ’788 would have understood the reported 

dehydration of bio-1-butanol to bio-1-butene as evidence that the dehydration of 

“bio” 1-alcohols was a known process with a predictable result. This is further 

supported by Wright ’788 teaching that the disclosed dehydration reaction of bio-

1-alcohols is efficient for longer chain bio-1-alcohols up to at least C23 Wright ’788 

at [0016]-[0017]. Based on this disclosure of Wright ’788, a POSITA would expect 

that bio-1-alcohols from bio-1-butene up to bio-1-tricosene. Wright ’788 at [0016]-

[0017]. 

 Claim 1 

A method for making a bio-alkene, comprising: dehydrating a bio-
1-alcohol by heating the bio-1-alcohol in a reactor with a catalyst, 

117. It is my opinion that the Written Opinion of the PCT International 

Searching Authority is correct when it stated: 

Wright [’778] discloses a method for dehydrating a 1-alcohol to a 1-

alkene (a method for dehydrating bio-1-alcohol to a bio-l-alkene 

product; paragraph [0018]), comprising: contacting and heating a 1-

alcohol with at least one catalyst (the bio-l-alcohol is subjected and 

heated to at least one desired catalyst; paragraph [0018]) that 

comprises a modified inorganic support (catalyst is a gamma-alumina 

catalyst that has been modified by reaction with base such as sodium 

or potassium hydroxide; paragraph [0020]) at a WHSV of about 1:01 
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hr-1 to about 10 hr-1 (controlling dwell time a rate of about 0.01 to 

about 1.0 per mass of said catalyst/hour (WHSV); paragraph [0018]), 

wherein said 1-alcohol is in a mixture with about 1 ppm to about 93 

weight percent water (the bio-1-alcohol having from 1 ppm to 90 

percent water; paragraph [0018]), thereby producing the 

corresponding 1-alkene with greater than about 90 percent 

regioselectivity (produce bio-l-alkene with high selectivity of greater 

than 95 percent; paragraphs [0018], [0034]). 

Ex. 1011 at 3. A POSITA would have recognized that the conclusions of the 

European Patent Office align with common understanding of the art, namely that 

Wright ’788 describes a dehydration reaction of bio-1-alcohols leading to bio-1-

alkenes of high purity and with high regioselectivity.  

118. A POSITA would also understand that Wright ’788 teaches “a catalyst 

system and approach that lead to high regiochemical dehydration of 1-bioalcohols” 

in a reactor chamber to “optimize bio-1-alkene production.” Wright ’788 at [0027]; 

see also [0016]-[0017] and [0030]. In one example, Wright discloses “the 

dehydration of bio-1-butanol” with a γ-alumina catalyst in a fixed-bed continuous 

flow reactor to produce “bio-1-butene.” Wright ’788 at [0034]. A POSITA would 

understand that the dehydration of bio-1-alcohols would work for longer chain bio-
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1-alcohols, including bio-1-alcohols with up to 23 carbon atoms. Wright ’788 at 

[0016]-[0017]. 

119. A POSITA would read the published claims of Wright ’788 to 

confirm that Wright ’788 is teaching a dehydration reaction of bio-1-alcohols. 

Specifically, Wright ’788 claims “[a] bio-1-alkene product, comprising: at least 

one bio-1-alcohol; at least one desired catalyst, wherein said bio-1-alcohol is 

subjected and heated to at least one desired catalyst; …to produce bio-1-alkene 

product.” Wright ’788 at Claim 1. 

120. A POSITA would understand that Wright ’788 teaches dehydrating a 

bio-1-alcohol by heating the bio-1-alcohol in a reactor with a catalyst.  

wherein the resulting bio-alkene has a carbon chain of about 5 to 
about 20 carbon atoms and a bio-1-alkene regioselectivity of at least 
about 80%. 

121. It is my opinion that the Written Opinion of the PCT International 

Searching Authority is correct when it stated: 

Wright [’778] discloses a method for dehydrating a 1-alcohol to a 1-

alkene…producing the corresponding 1-alkene with greater than 

about 90 percent regioselectivity (produce bio-l-alkene with high 

selectivity of greater than 95 percent; paragraphs [0018], [0034])… 

Ex. 1011 at 3. A POSITA would have recognized that the conclusions of the 

European Patent Office align with common understanding of the art, namely that 

Wright ’788 describes a dehydration reaction of bio-1-alcohols leading to bio-1-
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alkenes of high purity and with high regioselectivity. 

122. Although the primary example provided in Wright ’788 is of 

dehydrating 1-butanol, which is a four-carbon alcohol, a POSITA would 

understand the teachings of Wright ’788 to include dehydrating 1-alcohols with 

longer carbon chains to the corresponding 1-alkenes. Wright ’788 at [0016]-

[0017]. Wright ’788 teaches dehydrating 1-alcohols with a carbon chain length of 

six (“bio-1-hexanol”) or longer carbon chains including a specific example of a 

carbon chain length of sixteen (“1-hexadecanol”). Wright ’788 at [0022] and 

claims 11-12. A POSITA would have understood that Wright ’788 further teaches 

that these bio-1-alcohols would be converted into bio-1-alkenes with any carbon 

chain length between 4 carbons and 23 carbons with high regioselectivity. This is 

illustrated by the below reaction where 1R and 2R can be “hydrogen, an alkyl 

radical of C1 to C20, and any combination thereof.” Wright ’788 at [0016]-[0017]. 

 

Wright ’788 at [0016] 
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123. Moreover, Wright ’788 discloses the “[e]mbodiments of its 

invention…produce the respective α-olefin with 92-99% regiochemical 

selectivity.” Wright ’788 at [0008], [0016] (“high selectivity (>92%)”), and [0018] 

(“high selectivity (>95%)”).. 

124. While a POSITA would understand that the primary example 

provided in Wright ’788 relates to the dehydration of bio-1-butanol to bio-1-

butene, the disclosure relates to more than this specific reaction. Wright ’788 at 

[0027], [0034] and claim 2. Furthermore, it is my opinion that a POSITA would 

consider the phrase “about 5 carbon atoms” to include 4 carbon atoms because 

carbon atoms are not divisible, i.e., it is not possible to have a carbon chain length 

of, for example, 4.5 carbon atoms. Therefore, when considering the meaning of 

“about 5” a POSITA would consider expanding the explicit carbon chain length of 

five to include one fewer carbon atom to account for the “about” language used in 

the claim. This is further explained above in Section V, above.  

125. Even if a carbon chain length of 4 were considered outside the scope 

of “about 5” carbon atoms, Wright ’788 includes embodiments describing the 

dehydration of bio-1-alcohols having a chain length of 4 carbon atoms (“bio-1-

hexanol”) or longer carbon chains lengths of 23 carbon atoms (“bio-1-tricosanol”). 

Wright ’788 at [0022] and claims 11-12. A POSITA understands the corresponding 
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terminal alkene for 1-hexanol is 1-hexene because both have a chain length of 6 

carbon atoms.  

126. A POSITA, based on the disclosure of Wright ’788, would have 

expected that dehydration of bio-1-octanol would result in the same high yields 

and regioselectivity as bio-1-butanol.  

 Claims 2-5 

Claim 2. The method of claim 1, wherein the bio-alkene has a 
carbon chain of about 6 to about 14 carbon atoms. 

Claim 3. The method according to claim 2, wherein the bio-alkene 
has a carbon chain length of about 6 to about 10 carbon atoms. 

Claim 4. The method according to claim 3, wherein the bio-alkene 
has a carbon chain length of about 6 to about 8 carbon atoms. 

Claim 5. The method according to claim 1, wherein the bio-alkene 
is bio-octene. 

127. Wright ’788 describes dehydrating bio-1-hexanol to bio-1-hexene, 

having a carbon chain length of six carbon atoms. Wright ’788 at [0022] and 

claims 11-12. Wright ‘788 also teaches dehydrating bio-1-hexadecanol to bio-1-

hexadecene, having 16 carbon atoms. Wright ’788 at [0022] and claims 11-12. In 

addition, a POSITA would have understood that Wright ’788 shows that bio-1-

alcohols can be converted into the corresponding bio-1-alkenes of any chain length 

from 4 through 23 carbon atoms, which includes bio-1-octene (eight carbon 

atoms). Wright ’788 at [0003] and [0016]-[0017]. Therefore, a POSITA would 

conclude that the dehydration of bio-1-octanol to bio-1-octene using the process 
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described by Wright ‘788 would proceed with high regioselectivity, as it does with 

1-alkanols of other chain lengths. 

 Claim 6 

The method according to claim 1, wherein the reactor is a fixed bed 
reactor. 

128. Wright describes using a “fixed-bed continuous flow reactor” in a 

method for dehydrating a bio-1-alcohol to a corresponding bio-1-alkene. Wright 

’788 at [0034]. 

 Claim 8 

The method according to claim 1, wherein the catalyst is selected 
from ZnAl2O4 and a γ-alumina catalyst. 

129. Wright ’788 teaches the use of a γ-alumina catalyst and a ZnAl2O4 

catalyst. Wright ’788 at [0020], [0024], claim 7, and claims 19-20. The catalyst of 

Wright ’788 can also be a combination of γ-alumina and zinc oxide (ZnAl2O4). 

Wright ’788 at [0019], [0022] and claim 21-22. 

 Claims 9 and 10 

Claim 9. The method according to claim 1, wherein the bio-alkene 
has a bio-1-alkene regioselectivity of about 92% to about 99%.  

Claim 10. The method according to claim 9, wherein the bio-alkene 
has a bio-1-alkene regioselectivity of about 95% to about 99%. 

130. As discussed above in ¶¶122-123, Wright ’788 states that 

“[e]mbodiments of its invention … produce the respective α-olefin with 92-99% 

regiochemical selectivity.” Wright ’788 at [0008], [0016] (“high selectivity 
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(>92%)”), [0018] (“high selectivity (>95%)”). Wright ’788 refers to the 

regioselectivity for bio-1-butene in paragraphs [0034] and [0035] being from 94 to 

95%. It is my opinion that a POSITA would consider the teachings of 94-95% 

regioselectivity for the bio-1-butene applicable to all bio-1-alkenes because the rate 

of protonation would be the same for all alkenes described by Wright ’788.  

 Claim 22 

The method according to claim 1, wherein the method comprises a 
distillation step to refine the bio-alkene. 

131. A POSITA would know that distillation of reaction products is a well-

known, well understood, and one of the most commonly used processes for 

purifying reaction products. Further, Wright ’788 teaches distilling the bio-1-

alkene to separate the bio-1-alkene from water. Wright ’788 at [0032]. 

 Claim 23 

The method according to claim 1, wherein the bio-alkene results 
from a process wherein the bio-1-alcohol in water is dehydrated by 
heating the bio-1-alcohol with a catalyst under a purge gas. 

132. Wright ’788 refers to dehydrating a “bio-1-alcohol having from 1 ppm 

to 90% water, …with at least one purge gas at a rate of about 0.01 to about 1.0 per 

mass of said catalyst/hour to produce bio-1-alkene with high selectivity (>95%).” 

Wright ’788 at [0018]; see also Wright ’788 at [0021]-[0022]. Wright ’788 also 

discusses dehydration of bio-1-alcohols where “the purge gas is nitrogen, argon, or 

a mixture of the two gases”. Wright ’788 at [0021]. Accordingly, a POSITA would 
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understand that the dehydration reaction of the bio-1-alcohol takes place in 

presence of water with a catalyst under a purge gas.  

 Claim 26 

The bio-alkene made by the method of claim 1. 

133. As discussed above in ¶¶ 118-119, Wright ’788 teaches dehydrating a 

bio-1-alcohol into a bio-1-alkene. Specific examples include dehydrating bio-1-

butanol, bio-1-pentanol, bio-1-hexanol, and bio-1-hexadecanol into corresponding 

bio-1-butene, bio-1-pentene, bio-1-hexene, and bio-1-hexadecene. Wright ’788 at 

[0016]-[0017], [0022], [0026], and claims 3 and 11-12. Wright ’788 teaches that 

bio-1-alcohols having a carbon chain length from 4 to 23 can be converted to 

corresponding bio-1-alkenes having a carbon chain length from 4 to 23. Wright 

’788 at [0016]-[0017]. A POSITA would know based on the teachings of Wright 

’788 that these reactions proceed with high regioselectivity. Wright ’788 at [0008], 

[0016] (“high selectivity (>92%)”), and [0018] (“high selectivity (>95%)”). 

 Claim 27 

The bio-alkene according to claim 26, wherein the bio-alkene is 
selected from straight or branched chain bio-alkenes. 

134. A POSITA would have known that dehydrating a bio-1-alcohol to 

form a bio-1-alkene does not cause or eliminate carbon branching. A branched bio-

1-alcohol will form a corresponding branched bio-1-alkene and a straight chain 

bio-1-alcohol will form a corresponding straight chain bio-1-alkene. Wright ’788 
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describes formation of both straight chain and branched bio-1-alkenes, as shown 

below where “1R and 2R can be hydrogen, an alkyl radical of C1 to C20, and any 

combination thereof.” Wright ’788 at [0016]-[0017]. 

 

Wright ’788 at [0016] 

135. A POSITA would understand the resulting bio-alkene is straight chain 

or branched depending on whether the corresponding bio-1-alcohol is straight 

chain or branched. While Wright ’788 focuses on straight chain bio-1-alkenes, 

Wright ’788 also explicitly contemplated branched bio-1-alkenes, as shown above. 

Accordingly, a POSITA would readily appreciate that Wright ’788 teaches the 

production of both straight chain and branched bio-1-alkenes. A POSITA would 

know based on the teachings of Wright ’788 that these reactions proceed with high 

regioselectivity. Wright ’788 at [0008], [0016] (“high selectivity (>92%)”), and 

[0018] (“high selectivity (>95%)”). 
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 Claim 28 

The bio-alkene according to claim 26, wherein the resulting bio-1-
alkene is selected from bio-1-pentene, bio-1-iso-pentene, bio-1-
hexene, bio-1-heptene, bio-1-octene, bio-1-nonene, bio-1-decene, 
and bio-1-dodecene. 

136. Wright ’788 specifically refers to dehydrating bio-1-butanol, bio-1-

pentanol, bio-1-hexanol, and bio-1-hexadecanol into the corresponding bio-1-

butene, bio-1-pentene, bio-1-hexene, and bio-1-hexadecene. Wright ’788 at [0019], 

[0022], and claims 3 and 11-12. Wright ’788 further shows that any bio-1-alcohol 

having from 4 to 23 carbon atoms can be converted to the corresponding bio-1-

alkenes having from 4 to 23 carbon atoms. Wright ’788 at [0003] and [0016]-

[0017]. Bio-1-alkenes having from 4 to 23 carbon atoms include all bio-1-alkenes 

set forth in claim 28 (bio-1-pentene, bio-1-iso-pentene, bio-1-hexene, bio-1-

heptene, bio-1-octene, bio-1-nonene, bio-1-decene, and bio-1-dodecene). Wright 

’788 at [0003] and [0016]-[0017].  

F. Wright ’788 in view of Cheng Renders Claims 24 and 25 of 
the ‘048 Patent Obvious under 35 U.S.C. §103 

 Summary of the Ground and Reason to Combine 

137. A POSITA would be motivated to combine Wright ‘788 with Cheng 

because “…vicinal alkanediols, such as 1,2-alkane diols…” taught by Cheng have 

known commercial applications and would be motivated to proceed in this manner 

to reduce dependency on fossil fuels. See e.g., Furuya and Cheng.  Further, a 

POSITA would understand that bio-1-alkenes are known chemical precursors to 
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commercial products and that Cheng describes a “commercially attractive way[]” 

of using the bio-1-alkene products of Wright ‘788 to prepare vicinal alkanediols. 

Cheng at 1:6-10 and 1:40-48. For example, a POSITA would have understood that 

Wright ‘788 can be combined with Cheng to provide an example of converting 1-

hexene to 1,2-epoxyhexane, that is then converted to 1,2-hexanediol. Cheng at 

13:56-14:58 and 16:1-40. Using a known product, e.g., bio-1-alkene, in a known 

way, e.g., converting to vicinal diols, for known commercial applications would 

have motivated a POSITA to combine Wright ‘788 with Cheng. 

 Claim 24 

The method according to claim 1, wherein the bio-alkene is further 
reacted to form a bio-based compound different from the bio-
alkene or a bio-based polymer. 

138. A POSITA would know that there has been substantial commercial 

development around the conversion of 1-alkenes into consumer products, e.g., 1,2-

alkanediols. See, e.g., Furuya and Cheng. Wright ’788 and Cheng also describes a 

process for polymerizing an olefin having 5 to 23 carbon atoms derived from new 

carbon starting materials. Wright ‘788 at [0017]-[0018]. Furthermore, it would 

have been obvious to a POSITA that the alkene produced by Wright ’788 in view 

of Cheng, e.g., 1-bio-hexene, can be converted to a different bio-based compound. 

For example, a POSITA would have understood that Wright ’788 can be combined 

with Cheng which provides an example for converting 1-hexene to 1,2-
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epoxyhexane, that is then converted to 1,2-hexanediol. Cheng at 13:55-14:58 and 

16:1-40. Combining Wright ’788 with Cheng would be obvious to a POSITA 

because “…vicinal alkanediols, such as 1,2-alkane diols…” are used for 

commercial applications, and Cheng describes a “commercially attractive way[]” 

of using the bio-1-hexene product of Wright ’788. Cheng at 1:6-10 and 1:40-48. 

 Claim 25 

The method according to claim 24, wherein the bio-alkene is 

further reacted by a free radical or a catalytic polymerization 

process to form a bio-based polymer. 

139. Wright ’788 in view of Cheng further discloses the bio-alkenes can be 

“contacted with a Ziegler-Natta catalyst to form oligomers.” Wright ’788 at claims 

13-15; see also Wright ’788 at [0026] (describing benefits of 1-alkenes for 

“Zeigler-Natta polymerization”). A POSITA would know that an oligomer is a low 

molecular weight polymer. 

VII. CONCLUSION 

140. In my opinion, and in view of the foregoing, a POSITA would view 

claims 1-6, 8-10, and 22-28 of U.S. Patent No. 10,995,048 as obvious in light of 

the combinations of prior art references discussed above.  
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DuPont Central Research April 24  

78th Canadian Society for Chemistry Conference and Exhibition, Guelph, May 31 
(Invited speaker)  

Drexel University, Philadelphia, PA June 7 

Swarthmore College, Swarthmore, PA September 25 

Dupont Merck Pharmaceuticals, Deepwater, NJ Oct 3 

Rensselaer Polytechnic, Troy, NY Oct 12 

GE Central Research, Schenectady, NY Oct 13 

University of Victoria, Victoria, BC Oct 19 

University of British Columbia, Vancouver, BC Oct 20 

The Upjohn Company, Kalamazoo, Michigan Nov 10 

1996 Towson State University, Towson, MD April 18  
 

Middle Atlantic Regional Meeting, American Chemical Society, Villanova, PA 
(Invited speaker)  
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SIPSYS, Avrille, France, June 25 

Ecole Nationale Superieure, Paris, June 26 

Gif-sur-Yvette, June 28th  

International Conference on Organic Synthesis, Amsterdam, June 30- July 4 
(Invited speaker)  

14th Biennial Conference on Chemical Education, Clemson University, Aug 4-8 
(Invited speaker) 

Schering-Plough, Kenilworth, NJ, Sep. 26  

Abbott Labs, Chicago, IL, Nov. 7 

Rider College, Lawrenceville, NJ, Nov. 18 
 
1997 Pharmacopeia, Inc., Princeton, NJ Jan. 16 
 

Manhattan College, New York City, Jan. 22  
 

North Jersey ACS Organic Section, Union College, Cranford, NJ April 28 

Bryn Mawr College, Bryn Mawr, PA Oct. 3rd  

Southeast Regional Meeting, American Chemical Society, Roanoke, VA, Oct. 21 
(Invited speaker)  

IUPAC International Conference on Biodiversity and Bioresources, Phuket, Thailand 
(Invited speaker)  

Rowan University, Glassboro, NJ December 2  

1998  Dickinson College, Carlisle, PA March 5 

U. of Barcelona, Spain June 30 

Johnson-Matthey, West Deptford, NJ August 13 

ACS National Meeting, Boston, MA August 26 (invited speaker)  

Lafayette College, Easton, PA September 8 

Symposium, "Latest Trends in Organic Synthesis," Gainesville, FL, Oct 30 
(invited speaker) 

Smith Kline Beecham, November 17 

1999 University of Hong Kong January 15 

Chinese University of Hong Kong January 19 

32



University of Science and Technology, Hong Kong January 20 

Middle Atlantic Regional Meeting, American Chemical Society, May 17 (invited 
speaker)  

Organometallics in Organic Synthesis (OMCOS), Versailles, France July 21 
(invited speaker)  

Gordon Research Conference on Natural Products, Henniker, NH July 26 (invited 
speaker)  

University of Delaware, Newark, Sep. 17 

Elizabethtown College, Elizabethtown, PA Sept. 29 

Franklin & Marshall College, Lancaster, PA Sept. 29  

Florida State University, Tallahassee, Oct. 5  

SERMACS (Southeast Regional Meeting), Knoxville, TN Oct. 19 (invited 
speaker)  

Sloan-Kettering, New York, NY Oct. 26  

Salisbury State University, Salisbury, MD Nov. 2  

2000  National Institutes of Health, Bethesda, MD March 9  

International Conference on Organic Synthesis, Warsaw, July 1- July 5 (Invited 
speaker)  

Stockton State University, Pomona, NJ Oct. 9  

Johns Hopkins University, Baltimore, MD Oct 10  
2001  Brigham Young University, Provo, UT January 24  
 

Reed College, Portland, OR January 26  
 

Oregon State University, Corvallis, OR January 29 
 

Wyeth-Ayerst, Pearl River, NY March 29 
 

CB Research, New Castle, DE June 12 
 

OMCOS-11, Taipei, Taiwan July 23 
 

Research Review, Center for Catalytic Science and Technology, University of 
Delaware, Oct.11 
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Indiana U. of Pennsylvania, Indiana, PA Nov. 7 

 
Allegheny College, Meadville, PA Nov. 8 

 
Edinboro U. of Pennsylvania, Edinboro, PA Nov. 8 

 
Duquesne University, Pittsburgh, PA Nov. 9 
 
Ursinus College, Collegeville, PA Nov. 16 

 
2002  South China Agricultural University, Guangzhou, Jan. 7 
 

Temple University, Philadelphia, PA March 28 
 
Sphinx Pharmaceuticals, Research Triangle Park, NC June 7 
 
UC Irvine, Sept. 12 
 
Scripps Institute, San Diego, CA Sept. 13 
 
CalTech, Pasadena, CA Sept. 16 

 
2003  KAIST, Daejon, Korea March 17 

Korea University, Seoul, March 19 

Seoul National University, March 20 

ACS National Meeting, New Orleans, March 24 

Philadelphia Organic Chemists’ Club, April 24 (invited speaker)  

Salisbury University, Nov. 5 

2004  Rutgers University, January 20 

Lehigh University, February 4 

Concurrent Pharmaceuticals, February 12 
 
ACS National Meeting, Anaheim, March 29 (invited speaker)  
 
Bristol-Myers Squibb, New Brunswick, NJ June 3 
 
International Conference, Chemistry Biology Interface: Synergistic New  
 
Frontiers, Delhi, India, Nov. 22-77 (plenary lecturer)  
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2005  Rowan University Feb 28 
 

Symposium on the Chemistry and Biology of Biomolecules, Montpellier, France 
March 20-25 (invited speaker)  
 
UT Southwestern, Dallas Sep 21 
 
Southern Methodist University, Dallas, TX September 22  

 
UT Arlington, Arlington, TX September 23 
 
Singapore International Chemical Conference 4 Dec. 8-10 (invited speaker) 
  

2006  Lilly Pharmaceuticals, Indianapolis, IN Jan. 17 
 

IUPUI, Indianapolis, IN Jan 18 
 

Notre Dame University, South Bend, IN Jan 19 
 

Merck Process, Rahway, NJ Feb. 1 
 

ACS National Meeting, Atlanta, GA (invited speaker), H.C. Brown Award 
Symposium, March 29 
 
ACS Middle Atlantic Regional Meeting, Hershey, PA (invited symposium 
speaker), June 4 
 
Morgan State University, Oct. 9 
 

2007 University of Oxford, April 24 
 
 University of Nottingham, April 25 
 

Symposium on C-H Activation in Organic Synthesis, Loughborough, England, 
April 26 (invited speaker) 
 
AstraZeneca Macclesfield, April 27th 
 
IUPAC Organometallics in Organic Synthesis, Nara, Japan August 2nd  
 
University of the Sciences, Philadelphia Sept. 24th 
 
Rochester Institute of Technology, Oct. 24th 
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2008 
 

University of Munich Jan 16th 
 
University of Illinois, Chicago March 13 
 
Infinity Pharmaceuticals, Cambridge, MA June 24 
 
University of Florence July 7 
 
2008 Lead speaker, Symposium “Innovations in the Organic Chemistry 
Curriculum” 20th Biennial  Conference on Chemical Education, Bloomington, IN 
July 2008 
 
 

2009 
 

University of Delaware March 6th 

 
Schering-Plough April 16th 

 

2nd Pennsylvania Organic Chemistry Curriculum Development Conference, 
Immaculata University, Immaculata, PA May 27th (invited speaker) 
 
Invited speaker,  meeting on the Schweinfurthins and Related Natural Products, 
NIH/Frederick, December 11, 2009 
 

2010 
 
 West China School of Pharmacy, Chengdu, May 10th 
 
 USTC, Hefei, May 13th 
 
 University of Science and Technology, Qingdao, May 15th 
 
 Institute of Materia Medica, Beijng, May 17th 
 
 Peking University, Beijing, May 18th 

 

1st Annual World Congress of Catalytic Asymmetric Synthesis-2010, Beijing, 
May 20th (invited speaker) 

 
 University of Utah, Salt Lake City, UT June 11th 
 

ACS National Meeting, Boston, August 21stst (invited speaker) 
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Cephalon, Inc. West Chester, PA Oct. 26th 
 
Pacifichem, Honolulu, December 15, 19 
 

2011 
 

Fifth International Symposium “The Chemistry of Aliphatic Diazo Compounds: 
Advances and Outlook” St. Petersburg, Russia, June 7-8  (Invited Speaker) 
 
Gordon Research Conference on Natural Products, July 24-29 ( Invited Speaker) 
 
West Virginia University, Oct 5 
 
Philadelphia Organic Chemists Club, Oct 27 (Allan R. Day Award) 
 
University of New Orleans, Nov 11 
 
2013 
 
University of Delaware May 10th 
 
2015 
 
1st International Caparica Christmas Conference on Translational Chemistry 
December 8th 

 

2016 
 
23rd Conference on Isoprenoids, Minsk, Belarus September 5th 
 
2020 
 
International Conference on Chemical Science for Drug Discovery & Therapy,  
VNIT Nagpur, India July 22-26 (online) 
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