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The Library

PALOMAR COLLEGE UCSANDIEGO
Learning for Success

Chemical information

across the county:

e L e, Y A university library and community
""""" college collaboration for an
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A research university library and community college collaboration.

The cast, as it were.

Started with a query about visitor access to chemical databases, then | found out it was for
a class.



* Palomar College, Chem 221/221L
— 2M semester o-chem
— 13 students

» UC San Diego transfer credit
— Chem 140 8B
— Chem 140C
— Chem 143 B

2" semester o-chem lecture/lab

13 students

UCSD equivalent (+Chem 220/220L, which also transfer for Chem 140A/143A)
¢ Chem 140 B (lecture, 320 students, Fall 2013)

e Chem 140 C (lecture, 320 students, Fall 2013)

¢ Chem 143 B (lab, 120 students, Winter 2013)



Independent Synthesis Project

...independent synthesis projects in the sophomore organic
chemistry laboratory course have been found to provide a
valuable and realistic introduction to the library, the
chemical literature, and laboratory experiment planning
early in the undergraduate chemistry curriculum.

Hiegel, G.; Belloli, R. Independent Synthesis
Projects in the Organic Chemistry Laboratory.
J. Chem. Ed. 1971, 48, 825-826

The assignment, an independent synthesis project

What is an ISP

Student gets a 2-step reaction (pick or assigned)
Find procedure suitable to follow in lab
Presents on the work

Start to finish (before/after lab)




Independent Synthesis in Context

0 rgan|c A Publication of Reliable
— Methods for the Preparation
unthacac of Organic Compounds
v FILE Nl Vg

Blog Syn

Crowdsourcing meets Organic Synthesis. Speed and Aplomb.

T REPRODUCIBILITY

J INITIATIVE

Real world, it’s about reproducibility

Organic Syntheses

* Carefully checked procedures

* All reaction and characterization data carefully “checked” for reproducibility

* http://blog.scienceexchange.com/2013/09/interview-with-chuck-zercher-from-organic-

syntheses/

Blog-Syn. Earlier in 2013, chemists trying to replicate syntheses in the literature.

“We don’t just discuss the methods, we put them to the test”

“crowdsourced reaction validation” — attempting to reproduce procedures in the literature
3 reactions (last one, even got feedback from original authors) before “real world/work”
issues took precedence

Reproducibility Initiative



Independent Synthesis Project, ver. 1.0

Previously. Students came to library, did their own searching. **I never saw them.**

a project that had been completed once a year for many years at Palomar College
under the direction of a now retired contract faculty member. Previously, students
were given instructions to make their way on their own to UCSD’s library to search
through the chemistry journals in order to find an idea for a short synthesis project
that they would propose to their instructor which would then be approved (or
not). If students failed repeatedly to devise an acceptable project, one would then
be provided to them.



Version 2.0
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“The Pitch”

CG wanted to make it more active, take advantage of the library/librarian available

| wanted them to focus on important organic Name Reactions that they would not
normally be exposed to in lecture, so that they could teach the other students the
reaction, its mechanism, and the advantages/disadvantages of the reaction in
general during their oral presentation. Second, | wanted them to be exposed to the
chemistry databases and other library resources and ideally to have help from a
chemistry librarian so they could fully utilize all of the resources available. Also,
since | am an alumnus of UCSD (Graduate School), | was aware of the resources that
UCSD has to offer in this regard.

New plan

Each student assigned 2-step name reaction

**Search for articles on the reaction

*****|nstead of students being on their own, they would come to library as one group. Get
the same access.

Replicate the procedures in the lab

Report and presentation

~30% of their 221L grade



Introduce them to the library, chemical information resources, whatever else they need for
assighment

Searching: SciFinder and Reaxys. Got the OK from CAS for guest access (small class, future
UC/CSU students). Gave Reaxys a heads up

Had we not been able to arrange the class? Project parameters changed to more closely

resemble previous iteration

* | would have explained in class how they can access the scientific journals from the
library. Then, they could either search the journals for two-step syntheses that they
are interested in repeating, or they could propose a variation on a synthesis they
found where they make variants of a known structure or test alternate reactions
conditions.

* Satisfied with what we came up with.

* Could’ve gone forward with Reaxys only, but would’ve required more vetting
beforehand



Step 1 - “Preproduction”

PALOMAR COLLEGE «<—— o Accion
Learreng for Success Mooigii

e Search** —— TheLibrary

UC SAN DIEGO

What we did next:

Cyndie — came up with reactions, assigned them, purchased supplies (including $2K worth
of reagents)

Me — planned library session
* Got permission from CAS to set up guest access to SciFinder. Gave heads up to Elsevier
re: Reaxys
* Small class, community outreach, future SciFinder users
* Project doesn’t scale for our UCSD classes, save (maybe) for a 4th quarter o-
chem lab that doesn’t meet every year



“Preproduction”

Chemistry 2211

Independent Project — Name Reaction List

1. Bischler-Napieralski Reaction
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2-phenylethylamine
CAS # 64-04-4
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2. Ugi Reaction

N-benzylformamide
CAS # 6343-54-0 bl

3. Suzuki Reaction
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CAS # 98-80-6 CAS # 5798-754




“Preproduction”

4. Claisen Rearrangement
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phenol
CAS # 108-85-2

5. Corey-Fuchs Reaction
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6. Diel-Alder Reaction and Wittig Reaction (Key Step)
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NahH,
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* I - —
Isopreng methyl vinyl ketone
CAS#TETSS CAS# 75-54-4

7. Dieckmann Condensation
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dethyl adipate
CAS # 141286

o

Limonene
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1
Quantity Quantity for Total Cost
2 Chemicals Needed cASH Needed Order Order & Quantity  [Approx.)
(Sigma

3 Aldrich)
4 1 prtolualdehyde 104-87-0 i6g S5g T35602-5G 1 $21.90
5 triethyl phosphonoacetate B67-13-0 Tag 5g T61301-25G 1 527.00
[ sodium hydride 7646-69-7 1328 Sg" 452912-56 1 $30.20
7 Diisobutylaluminim hydride 1.0 M in THF 1191-15-7 61.4 mL 100 mL 214981-100ML 1 $43.40
g
9 2 N,O-dimethyihydroxylamine hydrochloride 6638-79-5 4.18g 58 D163708-56 1 539.20
10 potassium carbonate 584-08-7 ag 1W00g* 209619-1006 1 $35.80
11 p-chlorobenzoyl chloride 122-01-0 5§ 58 111902-5G 1 $29.20
12 allyl magnesium bromide 1.0 M in E120 1730-25-2 100 mL 225754-100ML 1 540.90
13
14 3 2-chlorocyclohexanone B22-87-7 B85 mL 0g C32607-5G 2
15 lithium hydroxide (monahydrate is 0K) 1310-66-3 16g 2%g 402974-25G 1
16 benryl amine 100-46-9 S.1mL 100g* 185701-100G 1
17 N -(3-Dimethylami oyl)-N " ethylc diimide hydr  25952-53-8 68g 5 g Only ET750-5G 1
18 1-hydroxybenzotriazole hydrate 123333-53-9 Gg(5g0K) s0g* 711489-50G 1
19 A-methyimorphaline (NMM) 109-02-4 13mL 250 mL G7870-250ML 1

|20
53 11 2-phenethylamine hydrochloride 156-28-5 0g 58 P6513-25G 1 5§57.50
54 acetyl chloride 75-36-5 10g 25g 114189-25G 1 525.70
55 phosphorus pentoxide 1314-56-3 08 50 g 258220-250G 1 546.20
56
57 12 isoprens 78-79-5 51ml 100 ml 119551-100ML 1 524.60
58 aluminum chioride 7446-70-0 <100 mg 5g 294713-5G 1 $38.20
59 methyltriphemdphosphonium bromide 1779-49-3 78 58 130079-25G 1 $21.20
60 sodium amide 7782-92-5 Te 25g 432504-25G 1 536.40
61
62 13 benzaldehyde
63 «chromium (V1) oxide 1333-82-0 4 mL SmL 675644-5G 1 $17.00
64 titanium (111) chloride W 7705-07-6 1g 1g 514381-1G 1 $36.70
65 tin (11} chioride ditydrate 10025-69-1 58 58 243523-5G 1 529.90
66
67 51,696.80
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Planned my lecture outline w/ intent to give them as much searching time possible. Unlike
an on-campus class, students wouldn’t have opportunity to search further on their own

Searched all of the reactions against SciFinder and Reaxys
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Planned my lecture outline w/ intent to give them as much searching time possible. Unlike
an on-campus class, students wouldn’t have opportunity to search further on their own

Searched all of the reactions against SciFinder and Reaxys



Planned my lecture outline w/ intent to give them as much searching time possible. Unlike
an on-campus class, students wouldn’t have opportunity to search further on their own

Searched all of the reactions against SciFinder and Reaxys
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Planned my lecture outline w/ intent to give them as much searching time possible. Unlike

an on-campus class, students wouldn’t have opportunity to search further on their own

Searched all of the reactions against SciFinder and Reaxys
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THE LIBRARY

Library » LibGuides = CHEM 1434-D; Organic Chemistry Laboratory

SciFinder and Reaxys are and s that you

search both when searching for chemecal reactons and preparations VWhile there s
some overlap, there are significant diferences between the two (strengths. jourmal
coverage, time penods, ndexing)

* SciFinder
Search the CASREACT database of 63+ milion reacbons (single & mulll-step, as

necord You cmmuir:hmr anticles amutmx:orrea(nnm Hnn

2e

. wn & Grnelin)
Search Jde million Organc . NOrgan . and organometailic reachons Many include
some reaction detaits. and each reaction has at keast one Merature reference.
Complements SciFnder's CASREACT database

Science of L yl Methods of M.

Transformations @

Crific al ratarence work Of e MOST reliabie S SMectve SYNIRetc Mahods from he
chemical Bterature: 28 000 methods with 250 000+ reactions for 2 T00 different
fypes of COmPoUnds AZCOMPaNed by MEacton schemes. examples and
expenmental procedures. NCudes e Houben-WWey! backiie

CHEM 143A-D: Organic Chemistry Laboratory rags chemitry, organe chemistry, erganic chenvstry laboratory
Resources to help you find information (articles. data. etc.) for your organic

UL San Diego

Admin Sign in|

You can find more e-books at UCSD through our catalog Suggested searches inchude
OFPAIC FeRChon * of ovgane: Synith”. Thee namse resction books (ksted heve with the most
recently published title first) are amanged A-Z by reaction, and nclude mechanisms.
examples and references 1o the jourmal erature.

= Organic Syntheses Based on Name Reactions ; a practical guide to 780
transformations (2012

+ Hame R, Ac of Detailed M. and §
Applications (4th ed. 20009)

« Fiesers’ Reagents for Organic Synthesis, v.26
Survey of the reagent Berature. mid-2008 1o 2000

= March’s Advanced DI"IHEL Chemistry: Reactions, Mechanisms, and
Strueture (G1h ed 200

2 Oroanic Chemistry Barg s and L5 e

Yy lab . Shortcut: ucsd.edu/chem143

+ o-EROS: Ency of for Organic
Onisne reference work of more than 4,000 feagents and cMalysts Browse By name
oF Search the 70,000 ncluded reactions Dy reacion fype. siruciure of SUDSirCiune

« Organic Syntheses - free
ANGINEr COMECHON of reviews for ot e SYMENEtc Menods. Browse by volsme o
search across the database (name. struciure. efc ) Includes procedures and
Uerature references. Also avadabie |

. Ci Organic Name and =l o
Reterence collecton of 700 Sranic name reactons and reagents

- c Srganic Group i
Reveew artcies of for

of arganic
compounds. inc reaction schemes and references to relevant journal artcies
(up 10 2004) Also avalabie from Knovel
. ive Organic is - ivity, Strategy and i in
Modern Organic Chemistry
ARGINGT £OBECHON Gf CTIANIC SYNETNC MEMOS Wilh BerMure reterent &S Ug 1o
1900

+ Compendium of Organic Synthetic Methods. v.5-12
Cobecbons of sekdled Orgam Iransiormatons. You Can seanch the ¢
but only v 8-12 ane avakable onling. ¥ 1-8 ane avaitable in prnt

Organic Reaction Mechanisms: 2006-2009

Review Of OFJANKC FEACHON MECHANEM reSEarch Irom Me 2006-2000 Meraure You
€an search ihe entire seres, but only 2006-2000 are avallable oniine. The oider
wolumes afe avaiable in prnt

Comments (0]

Tales with a hyperiink can be browsed or searched online, but you'll need 10 go 10 ow prn
copy 1o get the articie

* Fieser and Fieser's Reagents for Organic Synthesis
Check location of Dlumes

* Organic Reaction Mechanisms (1965 2005)
Cneck locaton of prnt volumes

« Organic R
Location of

Once nice thing: no new guide needed. Used the existing guide

16



February 28 (“Production”)

* Flow of Information

* Reference sources vs primary literature
* Costs of Information Resources

* Blog Syn; real world applications

* Supporting Information

* Database Demos

Feb 28, group arrived

What we covered — see list

Had at least an hour to search on their own; only interrupted when things came up in
searches, like patents vs journal articles.

Floated, assisted with searches, finding articles/SI

What came up on the spot

Open Access (student asked)
Review sources — encouraged them to save entry in name reaction encyclopedia

17



February 28

O scifinder_

Bome i ™

w RE u XYS ® The choice for chemistry research.

THE SEARCHING

General restrictions — language, doc type

Mainstream journals (ACS, RSC, Tett Letters, Thieme, etc)

* CG’s concerns - Her personal experience with the reactions in the literature is that
they don’t always work, incomplete detail on procedures, yield stated can be
misleading.

What they could replicate in the lab:

* Procedures that couldn’t be done (microwave synthesis)

* Reagents assigned

* article that is general and does not contain abnormal reagents or procedures. In
short, | want to make sure they will be able to repeat the procedure with the
resources available to them

Each student saved/emailed number of articles. CG had to approve what they used for their
project, but she also reviewed many during the class.

18



February 28

O scifinder_

o~ me ™

ﬂ RE u XYS ® The choice for chemistry research.

THE CHALLENGES

CG wrote the reactions, but didn’t have access herself to verify that these could be found in

the literature

| couldn’t find most of the reactions in a single article

* Confirmed by students

Most, but not all, found articles for exact structures; easier for some students than others

(some limited by parameters, like no microwave synthesis).

* CG encouraged them to broaden the search: related reactions, substructures, analogous
compounds (methyl instead of ethyl ester, 5-membered ring instead of 6-membered)

19



* UCSD and/or CSUSM
» 2-12 articles each

* SciFinder vs. Reaxys?

Fun!
Learning experience
Breakdown of students’ interest, future plans (most heading for CSU/UC, as expected)

Every student was transferring or applying to UCSD and/or CSUSM (11 UCSD, 5 CSUSM)

* Also: UCLA, UCI, Cal Poly

* Most planning for grad school and/or professional school (MD, DDS, Pharm)

Each student found & emailed 2-12 articles (5 avg)

When asked which database they had more success with?

* 7 SF (though several said they searched here and stopped), 4 RX, 2 both (including one
step rxn found w/ each)

20



March-April (“Post-Production”)

http://www.flickr.com/photos/acordova/6159916309/

March 14: Exact procedure (w reagents and theoretical yields) due

* Adjusted to prepare enough intermediate to fully characterize and have enough to
synthesize/characterize final product

6 lab sessions, April 2-April 18 (2 hours, 50 mins each) set aside for experiment

Mixed success
* Only one person successfully completed both reactions; rest completed one or neither

Not enough time, + 13 experiments to troubleshoot

Still going to present. Sent list of presentation resources

21



May 14 (“Showtime”)

Presentation — 30 pts
Lab Report — 40 pts

“Enthusiasm, imagination, and effort in attacking the synthesis” — 30 pts

Screencaps from the presentations, if CG has them?

Peer grading, carried some (not a lot weight). Wanted them to have chance to teach other
students.

| attended, saw most of the presentations; session ran over so rest had to be done on
another day

PPT/Whiteboard or both
Technical issues
Ran over
Creative with fonts, slide transitions
**Background on reactions, yields and spectra (if they got that far), where they think they
went wrong with their experiments. Time for questions—including one from CG
* Time, experimental errors

22



“The Reviews”

What happened?

CG didn’t have access to pre-screen reactions she assigned students (and gave me)
Students too focused on searching for exact structures.

Time became a factor because of troubleshooting the 13 experiments

Students’ inexperience

However
Students got the start/finish, before/after lab experience

Opportunity to be more involved/embedded (presentation practice, etc.) limited by
distance.

23



Any chance of a sequel?

Surprise — New instructor for 2013-2014
Contacting him now to see what his plans are re: continuing
* Challenge for students, but exposure to library resources beneficial

Possibilities to improve:
1. Teams (fewer experiments to monitor, and fewer reactions — good/bad)
2. More pre-screening of reactions — more searching and earlier searching on my part —
even begin this fall? But is that feasible?
1. Maybe Organic Syntheses (free)

Offers

Start to finish project

Role of literature, presentations

Opportunities to embed other aspects of process (esp if not community college)

24





