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Trifluoromethylation of Model Aryl Halides (toward bistrifluoromethylguinazolinespirohexadienone)

Jessica D. Scott and Jason G. Gillmore*
Department of Chemistry, Hope College, Holland, MI 49423 *gillmore@hope.edu

Photoinduced Charge Transfer (PICT) Photoinduced Charge Transfer (PICT)

Computed E°. 4 (vs. SCE in CH,CN)

PSHDs (Perimidinespirohexadienones)! QSHDs (Quinazolinespirohexadienones)? = Using our published method,3 we can

‘ } ‘ e l 0 0 By accurately and efficiently predict E°,_, for
— — t-Bu t-Bu t-Bu new targets with good agreement to

CO) t " Lw -B t-B 0 . . .
I n % electron —1 v SW FBu y o experimental potentials (vs. SCE in
v - = transfer 4 + R Mivis normal R hv R NH Bu acetonitrile with Bu,NPF) for compounds
(vis) termination . ~ 2 :

HN” N . NH N t-Bu we have in hand.

1 D 4—( j[— De PICT = . .
y D r no initiation A = Replacing X1 and X2 with electron
A A* Ae reaction! / Oe OO withdrawing groups (EWG) in the QSHD
| E°ed re @ T CHAIN creates a much more positive E° 4 Iin the
PROCESS L .
LW form (making it more reducible, and a
= In the presence of light, an electron in a photooxidant (acceptor, A) is " Photochromes can be used to gate PICT when: -1.698 V R=H -0.897V 1626V X1=Me, X2=H -0.721V stronger photooxidant from its excited
promoted from the HOMO to the LUMO. " Photochrome in short-wavelength (SW) form does not initiate PICT 1 665 -+ 0.020 V 0840 + 0.098 YV  -1.618 = 0.009 V 0793 + 0018y  State), while preserving the difference in
= Creates a “hole” in the former HOMO that can be filled by an electron " Irradiation with UV light causes isomerization to long-wavelength (LW) B D S S E°.q between SW and LW necessary for
from a donor molecule (D) that you want to oxidize. form o -1.560 V R=Me -0.886V -1.612V X1=X2=Me -0.724V gating. | |
= Excited state reduction potential (E*,.,) is a measure of how good this " LW iorm initiates PICT 21.610 = 0013 V 0840 + 0.028V -1.611 + 0.043 V .0.733 + 0007 v = We are currently attempting synthesis of
“hole” is at accepting an electron from a donor. " Requires a photochrome with: X=CFj, but it is complicated due to the
« Cannot directly measure E*._, but can calculate from ground state = Large gap between E* 4(SW) and E*4(LW) to allow gating 1432V X1=X2=CF; -0.502'V inability to nitrate intermediate while X=CF,
reduction potential (E°,.,) and excitation energy (E, ). = | arge positive E*.4(LW) to allow initiation of PICT
| * Thermal (not photochemical) fade from LW to SW
Synthetic Route Installation of Trifluoromethyl Groups
I 0 ] There are many ways to trifluoromethylate, but none yet proven Trifluoromethylation Options in our Synthetic Scheme
X Etouj)lo'it X EtO o 1) A, tho CO,H A, 002 POCl3 completely general. There are various catalysts, ligands, and CF; sources NO, O NH, O NH, O
NH i N / SEL 2) KOH (many are expensive, and not necessarily commercially available), as well X X F3C
! 2 _ x H | MeOH /|’—|20 as a range of substrates (ArCl, ArBr, Arl, boronic acid/esters, etc.). o / y | - . | - \
1a,b 2a,b 4a b,c,d 6a b,c,d = We prefer aryl halides if possible, due to our work to date. X x H x H P 4 ¢r, H
X \ o c:77% c: 89% = Attempted trifluoromethylations thus far: N | 1_0;:,23/ 1c.d . g 11b
i i d: 12% HNO3 d: 70% » Chen & Buchwald? I H o E
OMe X H,SO s ctoichi - 4c,d NO, O :
NH 294 stoichiometric flow process, broader scope, many Arl, some ety v _
OWO HCOMe)s | o | o) X 2 ArBr (private communication) g'- Zf{/o b: X = CFs FaC
- - N02 Cl . . ) ° C. X — Br
Oxo . 1c.d X X = Cul, CF,CO,K, NMP (inexpensive!) d: X = | N .
x c: 76% ~ c 63% » attempted by Chen & Buchwald on our compounds (7c,d) CF, H '
- - 0 ” )
d: 78% N~ d:38%-77% without success — o-nitro problematic (proven by model . NH, ¢ 10b
X Z:?&Kl,ql' NITRATE b compounds); free amine also likely problematic N . NO, Cl . NH, ¢l . NH; Cl
O ] n 7 Z N ' N 3 S
B B t-Bu - t-Bu ~] OH Fe Odom . . .. . T N \ 3 Z —>
t-Bu t-Bu 0 OH Acetic = stoichiometric batch process, limited scope described in lit X 6e.d NZ N NZ
Q NH, CI Acid » but ArBr substrates definitely feasible c: 89‘;A> X reud X8 3 ¥ CF;
S NH, N/ NH.HN t-Bu H, a. X=Me = Cul, CF;CO,K, NMP (similar conditions for cyanation too) A 0% c: 63% : c: (;’9% 8b
X N X ? .~ b: X = CF; = Attempted on 7c¢ and 10c, both of which were unsuccessful d: 38%-77% -'
P S = N c: X =Br | |
N _ X d- X =1 = Other trifluoromethylations to try: ' Y
9: b,c,d X " 8a,b,c.d " Hartwig® NO, ClI N o
o ca. 39% N - c: 79% = stoichiometric [(phen)CuCF,] from CuOt-Bu tetramer, batch process FsC N By Bu B Bu
m ] l
= 9a has previously been prepared and studied in our group.2 1d not commercially available: "(;ur current method of choice! N7
= This route cannot be used for 9b, as nitration of 6b fails! @\ " Amil | | - | CF, HNZ SNH > HNT S NH
=A group member has found a reported synthesis of 4c,d* that works better from @ I=Cl - NH2 = CF, transfer from trifluoroacetaldehyde morpholine heminaminal silyl ether b X Q F.C Q
1c,d than the method for 4a,b? and is one step shorter! N Acetic N" O NH, = catalytic batch process, compatible with 0-NO,
= 1d is not commercially available but readily prepared by a literature route.® Acid I I = works for Arl, not ArCl (ArBr?) N7 N7
m | a.m.;/vorkln? to flnd.a route .tO p(r:erar? 9bhby trlflulorom.ethylatlr.\g 7Cf,d OI('jSC,d 75% 37%-90% = Cul (Cat), phen (Cat), CsF (2 eCI), 2 eq CF3 reagent (make in 2 StepS from Cheap SM), dlglyme X 9c.d CF; ob
or similar analogs by Introducing CF after the problematic nitration of 6¢,d. = considered comparable to, more difficult than Hartwig8, but catalytic! (Future option to explore?) c: ca 39%
Trifluoromethylation ofi Model Compounds Future Work
Goals Models Model Compounds to address Halogen choice and Nitro v. Amino: Model Studies to address Complications in the Real System: * Model compound studies will be finished by running the
NO, CI NO, O = Actual yields were determined by Ef;iglfﬁﬁff GC Purity. = Will quinoline interfere with the reaction (e.g., displacing phenanthroline ligand)? interference reactions (quinoline and 4-chloroquinoline) with 1d.
NO, . 12¢ d and 1c are all commerciallv available and relativelv inexoensive = We determined that it does not interfere with trifluoromethylation of 12c¢,d. * Then attempt trifluoromethylation of the real systems starting with
X 1d i’s ot commerdially available gut easilv brepared 5 y P ' = Still need to test with 1d. 7c (then 7d or 8d, preferred, or 10c, 10d, 11d, or 9d, as needed.
Y Y prepared. = Will the less active halogen (Cl) on the more reactive ring (quinoline) also be replaced? ~ * Complete the synthesis of 9b and study its electrochemistry,
g NO, 1) CuCl, KOtBU NO, = We determined that it will not reactive competitively with either 12c¢,d. photochemistry, and photophysics.
© X _ohen i FsC = Still need to test with 1d
7c dto7b 10c d to 10b 1,10-phenanthroline 3 :
© » |s trifluoromethylation of the amino intermediate inherently impossible? Acknowledgements
NH, CI NH, O NH, 2) TMSCF; = No. We successfully trifluoromethylated 1d to 1b. Current labmates: Brianna Barbu, Lauren Messer, Amber Prins, Eric Webb
X 12¢,d DMF 12b —— » No. Added aniline does not inhibit trifluoromethylation of 12c,d to 12b. Prior work on this project: Lauren Messer, Luke Peterson
c 36% b: X =CF; Diiodoaniline; Ryan Hobby (Hope CHEM 256B project)
d: 49% c: X=Br NO, NO, Grant Aman, Sarah Jernigan, & Prof T. Neils (GRCC, 2014)
X NH NH d: X =1 X 1) CuCl, KOtBU_’ F;C Prof. Johnson and his group for use of their glovebox
8c d to 8b 11c d to 11b 1c,d X 2 1) CuCl, KOtBu, F.C 2 1,10-phenanthroline - Prof. Joe Reczek (Denison U.) for insight on adapting Hartwig method?®
1,10-phenanthroline 3 2) TMSCF, NSF CAREER Award CHE-0952768
> 12c,d DME 12b Dreyfus Foundation Henry Dreyfus Teacher-Scholar Award
" Ideas from our syntheses to date: 2) TMSCF3 Hope College: Chemistry Dept, Undergraduate Research Fund
= \We have a precedent method for the conversion X DMF CF, | 3 c: 36% Schaap Research Fellows Program
of 4a to 10a to 11a with (a: X1=X2=Me) and we 1c,d with no additive d: 49
1b ° References
have successfully converted 4c to 10c. c: failed g — | |
= There is currently not a precedent for the d: 70%* | butnot vacuum cried with 1 el_quw. @(ﬁ c: 69% " Minkin, V.I., et al. in Organic Photochromic and Thermochromic
: : _ _ quinoline ~ d: 67% . | | ; : '
conversion pf 11 to 8 or 10 to 7. While the » The model compounds 12¢,d and 1d can all be trifluoromethylated fairly N 0 Cor;\fglgr;c(l)s Voldl, 1(:3rano & (t3hugl|§lmett|, Eds.; Plenum: New York, 1999:;
transformations seem reasonable, we have not - . . Cl pp 315-340. (and references therein)
cleanly, in reasonable yields and purity, as assessed by GC/MS, by our _ _ 2 - _
attempted them vet with 1 equiv c: 58 Moerdyk, et al., J. Photochem. Photobiol. A 2009, 205, 84-92.
. Thus ﬁ ossible \SIIVe would prefer to optimized version of Hartwig’s method.’ 4-cholor ucilnoli.ne N J 73&; 3Lynch, E. J., etal., J. Org. Chem. 2012, 77 (15), 6423-6430. (Correlation 6)
i P vlate af 7 8p 9 rather th t = Unable to convert 1c to 1b under same conditions — mostly recovered 1c, d N® ' “*Rotzoll, S., et al., Synthesis 2009, 1, 69-78.
1% uorlolme ylate at 7 or 8 (or 9) rather than a but did find several other peaks including some mono-trifluoromethylated NH °Khansole, S. V., et al., Synthetic Commun. 2008, 38 (11), 1792-1798.
Dug rto e-ase of synthesis, we would prefer to intermediate but no bis-trifluoromethylated product was observed. with 1 equiv 2 C: 63% ch:hen : ?u?hcvzvr?ld AggeW' Chegndllztélcz)déggég)égji e
. ; . : - - _ ! - - rgun, et al. Chem. Commun. , 50, - .
move forward with compounds c (X=Br) rather ;Ze,_;?rif:;%?shgnlﬁc’d commonly yielded minor amounts of homo-coupled aniline @ d: 27% 8 Morimoto, et al. Angew Chem., Int. Ed. 2011, 50, 3793-3798.

than d (X=l), if possible.

9Kondo, et al. Adv. Synth. Catal. 2011, 353, 1247-1252.
0 Pollock, B.J., et al., J. Org. Chem. 2012, 77 (19), 8689-8695.

April 10, 2015 \ Hope College Celebration of Undergraduate Research and Creative Performance \ Holland, Ml



	Hope College
	Digital Commons @ Hope College
	4-10-2015

	Trifluoromethylation of Model Aryl Halides (toward bistrifluoromethylquinaz olinespirohexadienone)
	Jessica Scott
	Recommended Citation


	Slide 1

