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Y N.RTHEASTERN SECTION of

Pharmaceuticals” at the September Monthly Meeting held at Biogen in
Cambridge.

The NESACS September 2019 Monthly Meeting, on the sub-
ject of “Protecting Intellectual Property in Pharmaceuticals” ,
was held on September 26, 2019 at Biogen in Cambridge.
This meeting featured an informative panel discussion on pros
and cons toward patenting an invention vs. keeping a trade se-
cret, whether to pursue an international patenting strategy, li-
censing strategies between academia and industry, and
perspectives toward intellectual property protection from the
VC, industry, and academic viewpoints.

The evening program began by honoring our 50-, 60-,
and 70-year ACS members. Fifty-year members Dr. Robert
Umans and Dr. Surjit Singh were presented with certificates.
Members who were honored but unable to attend to receive
their certificates included: 50-year members Dr. Sumner
Barenberg, Mr. William Brochu, Dr. Gerald Ceasar, Dr.
Berkely Cue, Dr. David Forsyth, Dr. Sally Holick, Dr. W.
Michael Krebs, Ms. Jun Kuo, Dr. Susan Lee, Mr. Eric Lind,
Dr. Vernon Reinhold, Dr. Wendell Rhine, Mr. Michael Saati,
Dr. Arthur Springsteen, Dr. Ronald Viavattene, 60-year mem-
bers Mr. Rudolph Brautigam, Mr. Sewall Bonstein, Mr. James
Cassani, Dr. William Dalzell, Dr. Harlold Edelstein Dr. Terry
Haas, Dr. Frederick Hatch Mr. H. S. Holappa, Dr. Barry
Karger, Ms. Margaret O’Connell, Dr. Demetrius Orphanos,
Dr. James Piper, Ms. Ruth Raila, Dr. Andre Rosovsky, Dr.
Harold Schonhorn, Dr. Marcia Stone, Mr. Leopold Strauss,
Dr. Michael Strem, Dr. James Tillotson, Dr. Leverett Zompa,
and 70-year members Ms. Mary Burgess, Dr. Martin Frant,
Dr. Esther Hopkins, and Mr. Richard Mansfield. A warm con-
gratulations to all!

Our panel was comprised of two individuals from local
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2020 NESACS
Chair’s Statement

By Anna W. Sromek

Welcome to NESACS in 2020! We start the New Year with
thanks to 2019 Chair Andrew Scholte, who brought lots of en-
ergy and new ideas to our section.

Overall, 2019 was exciting with countless suggestions
and ideas for programming from our members — please keep
sharing your thoughts! We opened the year with 2019 ACS
President Bonnie Charpentier as our keynote speaker, who
discussed her vision for ACS. The year was also the Interna-
tional Year of the Periodic Table. It was celebrated with a
Women’s Global Breakfast on February 12. We experimented
with our programming to include informational sessions fea-
turing panel discussions and modifying the monthly meeting
format in October. The Women Chemists Committee (WCC)
organized two very successful Catalyst events this year.

To make our meetings more accessible across the greater
NESACS community, we began livestreaming them on Zoom.
We tried many new things in 2019. I look forward to contin-
uing this momentum throughout 2020, and I am honored and
privileged to serve as this year’s Chair.

My goals for the new year involve increasing broader
member engagement, as NESACS exists to serve the local
chemist community. One way to accomplish this is by being
more responsive to our constituents’ interests and needs. An-
other way is to encourage better connectivity and provide
many opportunities for networking within NESACS and be-
tween related organizations. Both can be met by keeping our
events, meetings, and programming aligned with our mem-
bers’ interests and needs. We will strive to plan more co-spon-
sored events and continue to experiment with nontraditional
formats. We will also continue to promote chemistry within
our local communities through outreach and volunteering.

I look forward to 2020 being a great year for NESACS
and I am especially interested in cooperating with everyone
to ensure the year is a shared success. I invite you to get in-
volved: please learn about all upcoming opportunities on our
website, www.nesacs.org, and please feel free to contact me
(asromek@mclean harvard.edu) or anyone else on the board
to get involved.

I hope to see you at our next event! <

law firms, patent attorney Sarah Leiman, PhD, JD, of
Finnegan, LLP, and patent agent Adil Zhugralin, PhD, of
Clark+Elbing, LLP; an academic liaison for translating aca-
demic discoveries toward commercial development, licensing
manager Nathan Valverde, JD, of Partners Healthcare Inno-
vation; and a biotech representative, Vice President and Chief
Intellectual Property Counsel at Wave Life Sciences, Jennifer
Sieczkiewicz Zarutskie. Each panelist began by introducing
themselves and giving a brief perspective on intellectual prop-

continued on page 9
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Biography:
]

Luis Echegoyen has been the Robert A.
Welch Chair Professor of Chemistry at
the University of Texas at El Paso since
August 2010 and was elected President
of the American Chemical Society in
2018, so he will serve as president-elect
in 2019 and as president in 2020. He
was the Director of the Chemistry Divi-
sion at the National Science Foundation
from August, 2006 until August, 2010
where he was instrumental in establish-
ing new funding programs and research
centers. He was simultaneously a Profes-
sor of Chemistry at Clemson University
in South Carolina, where he maintained
a very active research program with in-
terests in fullerene electrochemistry,
monolayer films, supramolecular chem-
istry, endohedral fullerene chemistry
and electrochemistry; and carbon nanoo-
nions, synthesis, derivatization and frac-
tionation. He served as Chair for the
Department of Chemistry at Clemson
from 2002 until his NSF appointment.

Luis has published 426 research ar-
ticles and 47 book chapters and his cur-
rent h index is 83 (Google Scholar,
11-1-19). He was elected Fellow of the
American Association for the Advance-
ment of Science in 2003 and has been
the recipient of many awards, including
the 1996 Florida ACS Award, the 1997
University of Miami Provost Award for
Excellence in Research, the 2007 Herty
Medal Award from the ACS Georgia
Section, the 2007 Clemson University
Presidential Award for Excellence in
Research, and the 2007 University of
Puerto Rico Distinguished Alumnus
Award.

He was also selected as an ACS
Fellow in 2011 and was the first recipi-
ent of the ACS Award for Recognizing
Underrepresented Minorities in Chem-
istry for Excellence in Research & De-
velopment, also in 2011. Luis is a
coveted speaker who has to his record
over 469 scientific invited lectures and
presentations. He has delivered several
named lectureships in places like North-
western University, Georgia Tech., UC-
Riverside and is a member of several
international advisory boards, such as
the IMDEA-Nanoscience Center in

continued on page 10
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Abstract:

Buckyball Maracas: Fullerene
Nanocontainers that Stabilize
Unusual Atoms and Clusters
Inside

For the past two years we have been
involved in the synthesis and characte-
rization of new Uranium-based endohe-
dral fullerenes and have obtained X-Ray
crystal structures for several of these
compounds. Some are mono-uranium
species, U@C,,, while some are di-ura-
nium compounds, U,@C,, .!

Very recently we isolated two new
mono-uranium compounds that violate
the Isolated Pentagon Rule (IPR) with
a C,4 and a Cy, cage possessing fused
five-membered rings (pentalenes) on
their surfaces.? Still other endohedral
structures are much more interesting and
totally unanticipated, with formula
U,X@C,,, where X=C, O, S or N and
2n= 72, 78 or 80, which reveal interes-
ting metal-cage interactions and totally
unprecedented clusters trapped inside.
Some of the carbide compounds have
been crystallized and the encapsulated
U,C cluster (in U=C=U@C,) exhibits
unprecedented bonding with totally
unanticipated properties. 3

Finally, we have found that bis-
porphyrin capsules exhibit exquisitely
selective supramolecular binding for se-
veral of these uranium-based endohedral
fullerene compounds.*

The synthesis, purification and cha-
racterization of these interesting endo-
hedral fullerenes will be presented and
discussed, along with very recent results
about uranium-based endohedrals.

References

1.Zhang, X.; Wang, Y.; Morales-
Martinez, R.; Zhong, J.; de Graaf, C.;
Rodriguez-Fortea, A.; Poblet, J. M.;
Echegoyen, L.; Feng,L.; Chen,N.,J.
Am. Chem. Soc. 2018, 140 (11),
3907-3915.

2. Cai, W,; Abella, L.; Zhuang, J.; Zhang,
X.; Feng, L.; Wang, Y.; Morales-
Martinez, R.; Esper, R.; Boero, M.;
Metta-Magafia, A.; Rodriguez-Fortea,
A.; Poblet, J. M.; Echegoyen, L.;
Chen, N., J. Am. Chem. Soc. 2018,

continued on page 10
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Monthly Meeting

The 993 Meeting of the Northeastern Section of the American Chemical Society

January 2020 Monthly Meeting
Featuring Dr. Luis Echegoyen

President of the American Chemical Society
Tuesday, January 21, 2020

Alnylam Pharmaceuticals
675 West Kendall Street, Cambridge Massachusetts 02142
Meeting Agenda
5:00 pm NESACS Annual Meeting (Bella B, 4™ Floor)
5:30 pm NESACS Board Meeting (Bella A, 4™ Floor)
6:00 pm Social Hour
7:00 pm Dinner

7:45 pm Speaker: Dr. Luis Echegoyen, President, American Chemical Society.
Title: Buckyball Maracas: Fullerene Nanocontainers that Stabilize Unusual Atoms and Clusters
Inside

The meeting will be live streamed. To join, please click on the following link:
https://zoom.us/j/158693170
Time: Jan 21, 2020 07:45 PM Eastern Time (US and Canada)
Meeting ID: 158 693 170

YOU MUST REGISTER IN ADVANCE TO ATTEND THE MEETING, THERE IS NO
REGISTRATION FEE TO ATTEND THE MEETING; DINNER RESERVATIONS ARE REQUIRED.
THE PUBLIC IS INVITED

* For those who would like to join us for dinner, register by Spm, Tuesday, January 14, at https://luis-
echegoyen-president-acs.eventbrite.com. Cost: Members, $30; Non-members, $35; Retirees, $20; Stu-
dents, $10. Dinner reservations not cancelled at least 24 hours in advance will not be refunded.
Reservations for new members and for additional information contact the Administrative Coordinator,
Anna Singer, via e-mail at secretary @nesacs.org.

* If you wish to join us for this meeting and not eat dinner, please register by Spm, Tuesday, January 14,
at https://luis-echegoyen-president-acs.eventbrite.com Select “Seminar only”.

* Directions to Alnylam Pharmaceuticals: 1. From Route 90 take exit 18 toward Cambridge onto Cam-
bridge Street for 0.6 miles 2. Turn right onto Memorial Drive and continue for 3.1 miles. 3. Turn left onto
Binney Street (0.3 miles) and left onto Third Street. Turn right onto Linskey Way. Turn right onto Kendall
Street. Alnylam will be on the left. 4. Parking is available for $10 after 4pm at Kendall Square South
Garage (0.2 m) and Kendall Center Green Garage (0.3m). Directions for parking and entrance will be
displayed.

* From Kendall Square South Garage: Head northeast on Kendall St toward Athenaeum St (269 ft); turn
left onto Athenaeum St (46 ft); turn right onto W Kendall St; continue (118 ft) to Alnylam.

* From Kendall Center Green Garage: Head southeast on Broadway (335 ft); take the crosswalk (0.1 mile);
turn left onto Third St (0.1 mile); turn right onto Athenaeum St (331 ft); turn left onto W Kendall St (118
ft); continue to Alnylam.

If you have any questions or require additional information, contact the Administrative Coordinator, Anna
Singer, via email at secretary @nesacs.org. <
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Summer Scholar Report

Living Polymerization Mediated by Metal-Organic Framework-Encapsulated Catalysts
Meirui An, Zefeng Zhou, Weishang Lo, Chia-Kuang Tsung, Jia Niu Boston College, Chestnut Hill, MA

Abstract:

Living polymerization is a chain-growth polymerization in
which the propagating chain remains unterminated. We en-
capsulated catalysts in metal-organic framework (MOF) by
aperture opening method and postsynthetic linker exchange
method to mediate living polymerization.

Introduction:

The emergence of living polymerization techniques in the past
decade have enabled the synthesis of a plethora of functional
synthetic polymers with ever-increasing complex structures.
Living polymerization requires rapid initiation and a high
polymerization rate and low dispersity (D) (defined as the
ratio of weight average molecular weight M, to number av-
erage molecular weight Mn). It is therefore imperative to de-
velop new strategies that can prolong catalyst activity and
reduce the chain termination in polymerization.

Recently, MOF has been employed to host molecular
catalysts, either through catalytically active constituents of the
framework or by catalyst encapsulation. The advantages of
catalytically active MOF system include its high level of ac-
tivity, selectivity, and recyclability (Li et al. 2018). Inspired
by the recent work of Li et al., which demonstrated the suc-
cessful encapsulation of (tBuPNP)Ru(CO)HCI for CO, hy-
drogenation into a MOF host UiO-66 by opening an aperture
on the framework, we propose to encapsulate ring-opening
metathesis polymerization (ROMP) catalysts Grubbs catalyst
2" and 3"-generation (G2 and G3) in MOF to improve the
livingness of the polymerization.

Further, we propose to install N-heterocyclic carbene
(NHC) moieties on MOF by postsynthetic linker exchange
(PSE) method. The absence of metal center that avoids the in-
terference with transition metal clusters of MOF would im-
prove the possibility of successful installation. Further, easy
deprotonation of carbene enables installation of carbene moi-
ety in its more stable salt form. The recent work of Zhang et
al. showed that NHC functionalized MOF maintains catalytic
activity to catalyze hydrosilylation of CO,. Inspired by the
promising result reported, we propose to install ring-opening
polymerization (ROP) catalyst NHC moiety on MOF by
linker exchange to achieve living polymerization of lactides.

Experiments:

ROMP of norbornene with free G3. Control experiment for
ROMP of norbornene (Nb) (Scheme 1) was carried out using
standard Schlenk flask under an argon atmosphere. In a
Schlenk flask, Nb was dissolved in vigorously degassed
dichloromethane. In a separate vial, catalyst was dissolved in
degassed dichloromethane. The catalyst solution was rapidly
added to the Schlenk flask containing monomer using syringe.
After 30 minutes of stirring at -20 °C, excess ethyl vinyl ether
was added to quench the reaction. The polymer was precipi-
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tated in methanol and was collected by centrifugation. The
NMR and SEC data for purified polymer is shown below
(Figure 1). The molecular weight remained high and disper-
sity wide as expected.

Grubbs Catalyst :‘:\O/:]:
CHzolz n
-20 °C
Norbornene
Nb

Scheme 1. Ring-opening metathesis polymerization of norbornene by
Grubbs catalysts.

a. *

POI= 142

o

a 2.5
f1 {zpm)
Figure 1. a.'H NMR spectrum for norbornene substrate. b.'"H NMR spec-
trum for crude polymer product catalyzed by G3. Figure 2 inset. SEC
spectrum of polymer synthesized.

Encapsulation of G3 in UiO-66. UiO-66 was selected as an
optimal candidate for encapsulation according to the analysis
of aperture size (15.75 A ) and pore size (11.14 A), which is
compatible with the catalyst size (14.19 A) (Scheme 2.). Sol-
vent test showed that the catalyst exhibited best stability in
acetonitrile, thus acetonitrile was selected as the optimal protic
solvent for aperture-opening encapsulation solvent. The en-
capsulation was carried out in the glove box under nitrogen

Catalyst size
14 I‘JA
Pore size
. 111364

Apcnurc
size B

15748 A

Linker
Association

Linker
Dissociation

Catalyst
Encapsulation

!

* LN N B
** : ?ES Yot Mss"N\/l\é“MeS
] 124 }_é Ru=,
I N F‘h N
' [ r j cf| Pn
AT * PPhy
Grubbs Catalyst Grubbs Catalyst
uio-e6 3rd Generation 2nd Generation
a3 Gz

Scheme 2. Aperture-opening encapsulation of catalysts.

continued on page 7
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Continued from page 6

atmosphere. In a Schlenk flask, G3 (3mg) was mixed with
Ui0-66 (30mg), then acetonitrile (Sml) was added. The reac-
tion was heated to 55 °C for 24 hours. The solution was then
centrifuged without additional wash to obtain [G3]@UiO-66.
The catalyst loading was measured by ICP-OES, which
showed 0.139 ppm by weight for Ru. IH NMR analysis of
supernatant did not show characteristic signals corresponding
to the catalyst.

ROMP of norbornene with [G3]@Ui0O-66. In the glove box,
monomer (35mg) and [G3]@UiO-66 (10mg) was added to a
flask, and dichloromethane was added. The reaction was car-
ried out for 30 minutes at -20 °C, followed by standard
workup described above. Molecular weight and dispersity was
measured by size-exclusion chromatography (SEC). How-
ever, no signal corresponding to the polymer was observed
from NMR and SEC (Figure 2).

o a3 :IZ\O/:‘C
4 n

b [G3)@UIO-66

(55°C, 24hr) 4:\(7/_4: |
Vo, e g

e R S —_— ————— v
35 60 55 50 4.5 4.0 35 30 25 20 15 10 056
1 (nnm)

Figure 2. a.'H NMR spectrum for control ROMP with * for polymer sig-
nals; b. crude 'H NMR spectrum for ROMP with [G3]@UiO-66.

Encapsulation of G2 and G3 in UiO-66. Speculating the
high temperature of the encapsulation condition might have
led to the dissociation of catalyst, we proposed to modify the
reported encapsulation condition to mitigate deactivation of
catalysts. The encapsulation was conducted at room temper-
ature for prolonged time (2~5 days). Grubbs second-genera-
tion catalyst (G2) was also chosen as a candidate catalyst.

ROMP of norbornene with [G3]@UiO-66 (2-day). When
the ROMP was carried out with [G3]@UiO-66 that has been
collected by centrifugation without additional wash, and poly-
mer with high molecular weight was obtained. The polymer
signal obtained by SEC is shown below (Figure 3). When the
encapsulated catalyst was washed with acetonitrile 3 times
and ROMP was performed again, no polymer was obtained.

ROMP of norbornene with [G3]@UiO-66 (5-day). ROMP
was carried out using [G3]@UiO-66 (5-day) after wash by
acetonitrile. The crude NMR showed polymer peaks (Figure
4), which was further confirmed by SEC (Figure 4).

ROMP of norbornene with [G2]@UiO-66 (5-day).
[G2]@UiO-66 collected as described above led to successful
polymerization of norbornene. The polymer obtained is ana-
lyzed by SEC.

Synthesis of UiO-68. We moved on to test our second ap-
proach — ROP of L-lactide (Scheme 3) by NHC installed on
UiO-68 through postsynthetic linker exchange method
(Scheme 4). The procedure for the synthesis of UiO-68 was
slightly modified from Chem. Eur. J., 20: 14965-14970
(Scheme 5). UiO-68 synthesis was carried out in open air. 2,5-
dibromoaniline (1.13g), (methoxycarbonyl)phenylboronic acid
(2.49g), CsF (4.52g), Pd(OAc)2 (339mg) and triphenylphos-
phine (904mg) was added to a vial and was dissolved in THF
(30ml). The reaction was stirred at 60°C for 48 hours. Then
deionized water (50ml) was added and the aqueous phase was
extracted with dichloromethane. The organic phase was dried
in vacuo. The resulting product 1 was purified by silica gel
chromatography to yield yellow solid (277mg, 17% yield).

Then 1 (0.72g) was suspended in THF (60ml). KOH (5.59g)

was dissolved in methanol (5.5M) and was added to the solu-
continued on page 8

[G3]@Ui0-66 [— G3-2d-fip|
(r.t. 2days)

o

M, 122 kDa

A7

PDI 1.81

Time (min)

Figure 3. SEC of polymer obtained by ROMP using [G3]@UiO-66 (2-
day).

A

[G3]@Uio-66
{r.t. 5days)

o

r : u!k' \; \

f IUmIN I
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Figure 4. 'H NMR spectrum for ROMP with [G3]@UiO-66 (5day)
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Continued from page 7

tion. The reaction was stirred at 40°C overnight. Then the re-
action was cooled to room temperature and the precipitate was
collected by centrifuge. The precipitate was washed with THF
(20ml) and was centrifuged again to obtain light yellow solid.
Then the solid was suspended in THF (30ml). Trifluoroacetic
acid (3.84ml) was added to the solution. The reaction was
stirred at room temperature for 2 hours. Then deionized water
(65ml) was added to the solution, and the product 2 was col-
lected by vacuum filtration. The solid was washed rigorously
by diethyl ether and was dried in vacuo. 'H NMR (500MHz,
(CD;),S0): 6 12.94 (br, 2H, OH), 8.02 (d,4H), 7.74 (d, 2H),
7.60 (d, 2H), 7.15 (d, 2H), 7.02 (d, 2H), 5.10 (br, 2H, NH,).
Then the linker was assembled to obtain UiO-68 by mixing 2
with ZrCl,, benzoic acid in DMF and water at 70°C for 3 days.
Then UiO-68 was obtained after extensive washing by DMF
and EtOH followed by drying in vacuo.

”IOTO NHC @MOF
o~ 0" %

UiO-68-NH,

Scheme 4. Post-synthetic linker exchange of UiO-68 with NHC linker.

UiO-68-NHC

a,,0CH, T on

P I Uio-68
i 0 T
Br COOMe CsF P~ [
e PUDACI _1 KOH 1
® e Fhhs » ericson, |
o NH ~ i 1“ Ny T N,
Br B{OH) 2 s =
g g
o‘l'ocH u-’l oH

Scheme 5. Synthetic route of UiO-68

Synthesis of NHC-linker. The NHC-linker was synthesized
with slight modification from X. Zhang Angew. Chem. Int.
Ed. 2019, 58, 2844 (Scheme 6). Imidazole was dissolved in
dichloromethane in 0°C. Then sodium hydride was added and
the solution was stirred for 1 hour. Then methyl 4-(bro-
momethyl)benzoate was added, and the solution was stirred
at room temperature overnight. The product 3 was collected
by vacuum filtration, washed extensively with
dichloromethane, and was dried in vacuo. Then the 3 and
methyl 4-(bromomethyl)benzoate was dissolved in N,N-di-
methylformamide and the reaction was stirred at 120°C
overnight. The N,N-dimethylformamide was evaporated by a
rotary vacuum evaporator and the product 4 was collected.
Then 3M NaOH aqueous solution was added to 4 and the so-
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lution was stirred for 3 hours at room temperature. Then HCI
was added until pH=1. The product § was collected by vac-
uum filtration, washed extensively with water and was dried
under vacuum. 'H NMR (500MHz, (CD,),SO): & 13.12 (br,
2H), 9.57 (s, 1H), 7.98 (d, 4H), 791 (d, 2H), 7.54 (d, 4H),
5.57 (s, 4H). 13C NMR (150MHz, (CD,),SO): 8 167.21 (s,
1H), 139.82 (s, 1H), 137.36 (s, 1H), 131.51 (s, 1H), 130.32
(s, 5SH), 128.86 (s, 5H), 123.55 (s, 2H), 52.04 (s, 2H)._ESI-
MS(+): m/z 337.1 [M]*.
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Scheme 6. Synthetic route of NHC-linker.

Installation of NHC-linker on UiO-68 via PSE. UiO-68-
NHC was assembled by first dissolving 5 in 4% KOH solution
for activation of catalyst. Then the solution was neutralized
to pH=6 with HCI. Then UiO-68 and DMF was added and the
reaction was stirred at room temperature for 12 hours. Then
the solid was collected by centrifugation and was washed ex-
tensively with methanol. The solid was soaked in methanol
for 3 days with fresh methanol replaced everyday. After three
days of PSE, the UiO-68-NHC was collected by centrifuga-
tion and was dried in vacuo.

ROP of L-Lactide by UiO-68-NHC. To the solution of UiO-
68-NHC dispensed in DCM, L-lactide was added and the so-
lution was stirred. Then the crude NMR was obtained to check
for the presence of polymer. However, no polymer peak was
observed.

Results and Discussions:

Although the prolonged encapsulation time improved the
loading rate of the catalyst as determined by ICP-OED, the
loading rate remained very low (Table 1.), close to the lowest
detection limit of the measurement. Therefore, it is hard to
conclude that the catalysts had ben actually encapsulated in
the cavity of MOF. The inefficient encapsulation can be at-
tributed to the relatively large size of the Grubbs catalyst com-
pared to the previously reported catalysts for encapsulation.
Therefore, the catalyst might not have been able to enter the
cavity of UiO-66. In the future, more experiments can be con-
ducted to test encapsulation in MOF structures with larger
cavity size such as UiO-67 and UiO-68.

Catalyst Temperature Encapsulation Loading Rate
time (Ru wt%)
G3 55°C 24 hr 0.000014
G3 rt. 2 days 0.000052
G3 rt. 5 days 0.000055
G2 r.t. 5 days 0.000038

Table 1. Encapsulation conditions and loading rates by aperture-opening

encapsulation.

continued on page 9
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The initial ROMP of norbornene using [G3]@UiO-66 (2-day)
that has not been washed with acetonitrile is considered false
positive result. There might be free catalysts that have not
been encapsulated in UiO-66 without the additional washing
procedure. However, the false positive result indicates that the
encapsulation condition modified to room temperature does
not affect catalytic activity. The absence of polymer product
using the encapsulated catalysts after three extensive wash by
acetonitrile also indicates that the washing is necessary and
highly efficient in removing free catalysts.

Further, although ROMP using [G2]@UiO-66 (5-day)
and [G3]@UiO-66 (5-day) after extensive washing still pro-
duced polymers intended, the polymers obtained are likely
catalyzed by the catalysts adsorbed to the MOF. More control
experiments need to be conducted to determine the precise lo-
cation of the catalysts on MOF. This can be done by treating
the encapsulated catalysts with toxins that deactivated the cat-
alysts adsorbed on the surface but not the encapsulated ones
inside MOF cavity. Further, it is necessary to study whether
the adsorbed catalysts would have any effect on polymeriza-
tion, with MOF functioning as solid state support instead of
encapsulating cage.

ROP using UiO-68-NHC did not produce polymer. Al-
though the UiO-68-NHC has been activated according to lit-
erature (Zhang, 2019), we suspect that additional activation
steps need to be carried out for activation of carbene moiety
necessary for ROP catalysis. Standard NHC activation re-
quires potassium tert-butoxide for deprotonation and genera-
tion of carbene. Since the deprotonation on MOF has not
examined by any previous work, it is worth testing whether
the traditional deprotonation agents such as potassium tert-
butoxide is compatible with the MOF and whether the NHC
can be properly activated.

Conclusion:

We have tested several catalysts, encapsulation conditions and
methods to achieve controlled polymerization. While further
improvements are necessary, our work demonstrated the via-
bility of the catalysts in typical encapsulation condition. Next,
we will further explore the location of catalysts, improve the
loading rate and achieve polymerization using encapsulated
catalysts.

Bibliographic Citations:

1.Choi, T.; Grubbs, R. H. Controlled Living Ring-Opening-
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Dr. Surjit Singh (center) receives his certificate for 50 years of membership
in the American Chemical Society from Program Chair, Anna Sromek (left)
and NESACS Chair, Andrew Scholte (right) at the September Meeting.
erty protection from their own viewpoint. The panel discus-
sion was moderated by Sofia Santos, PharmD, PhD, of
Finnegan, LLP, followed by an opportunity for members of
the audience to ask the panelists questions.
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(Webmaster). We wish to extend a special thanks Fang Gao,
Anthony Palladino, and Lorraine Ball for their invaluable
work and attention to fine detail to ensure a seamless and suc-
cessful meeting. Lastly, we wish to thank Biogen for hosting,
and Biogen and Finnegan LLP for sponsoring this month’s
meeting. <
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Living Polymerization. Journal of the American Chemical
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“W oTveR woRDs, 1T BREAKS LARGE
MOLECULES iNTD SUAALL ONES. "

All chemists know that refineries really sep-
arate mixtures of molecules into highly pu-
rified versions of oil, sugar, natural gas, etc.,
on a scale that is suitable for society-wide
consumption. However, the public’'s image
of chemistry is too often associated with in-
dustrial refineries, and the accompanying
smoke stacks, sulfurous smells and, more
recently, the impact of C02 and methane on
climate change. Perhaps the refineries for
the future will be images of CO2 removal
and mineralization, or the cleansing of
drinking water on a global scale. From a
Scotsman’s perspective, however, my fa-
vorite refinery will always be the Glenfarclas
distillery in Speyside Scotland — sustain-
able, beautiful and one of the greatest man-
made products on earth.

— David MacMillan - Princeton University <
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Madrid and Physical Chemistry of Solid
Surfaces (PCOSS) Center at Xiamen
University in China. He has been the ed-
itor in chief of the Journal of Physical
Organic Chemistry, a Wiley publication,
since 2010.

Luis was born in Habana, Cuba in
1951. His family moved to Puerto Rico
in 1960, where he spent his formative
years. He received a BS in Chemistry
and a Ph.D. in Physical Chemistry from
the University of Puerto Rico, Rio
Piedras. He was a post-doctoral fellow
at the University of Wisconsin, Madi-
son, and a research scientist at Union
Carbide Corporation in Bound Brook,
New Jersey. Realizing that his vocation
was in academic research and teaching,
he returned as Assistant Professor to the
University of Puerto Rico in 1977. Luis
was invited to serve as Program Officer
in the Chemical Dynamics Program at
NSF in 1981, and he held a simultane-
ous Adjunct Associate Professor posi-
tion at the University of Maryland,
College Park during his work at the
NSF. He moved to the University of
Miami in 1982, where he served as As-
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sociate Professor and Professor for 18
years.

While at Miami, he took two very
rewarding sabbatical leaves: one at
Louis Pasteur University in Strasbourg,
France in 1990, where he collaborated
with Professor Jean-Marie Lehn, and a
second one at the ETH in Zurich,
Switzerland in 1997, where he worked
with Professor Francois Diederich. Luis
maintains active research collaborations
with researchers in Spain, Italy, France,
Germany, Switzerland, Poland and all
across the US. Luis has been continu-
ously funded since the start of his aca-
demic career, and is proud to have
directed the research of a very large
number of undergraduate and graduate
students in Puerto Rico, Miami, Clem-
son and Texas, all of whom have gone
on to successful academic, professional,
and industrial careers. <

Q. Exactly, how many awards and
scholarships does NESACS sponsor?

A) One b) Two c¢) Many
www.nesacs.org/awards
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