Nickel-Catalyzed SuzuKki-Miyaura Coupling of Heterocycles in

Green Solvents
® Katelyn Wentworth, Luke Fulton, Dr. Roy Planalp @ Department of Chemistry ® University of New Hampshire e 2018

5 4,6-dibromocarbazole, 4-pyridyl boronic acid, K;PO, and NiCl,(PCy;,),
INTRODUCTION were heated in t-amyl alcohol in a metal heating block for 12 hours at CONCLUSION

120°C.

The Suzuki-Miyaura reaction is a cross-coupling synthetic technique . . .
y PINg Y d The experiments were unsuccessful in synthesizing the proposed

for organic halides and organic boronic acids, which are activated by a 7 5-bromoindole, 4-pyridyl boronic acid, K;PO, and NiCl,(PCy;), were ducts. Solubility of the start tarials in the solvent

basic reagent.! This reaction generally uses a palladium catalyst, which heated in a microwave reactor at 150°C for 30 minutes in THF. i ,uf: S't S O” ef. sdz?r mti materals '? X © ts,o ven :hszf °

are both expensive and dangerous due to high toxicity. Additionally, B(OH),  pd(PPh,), 7N consisten , I55UE a> WE as, ‘nding the appropn.a < hedating method for

. K4PO, Br — the reactions. The possible product formations could have been

they are often performed in solvents that are hazardous to both the oyl alcohs o HO. g Br . 4 i the ¢ . t00 hich or th "

chemist and the environment. “Green” solvents are that which require Microwave: O D OH cCOPOSed 1T te temperdtilies were 199 |g of . .e. reat Ions. Yvere

<mall amounts of enerev to oroduce. can be recveled by ourification 150°C, 200 psi, 300W \ run for too long. The proof of concept reaction utilizing a traditional
cIeY 19 B ’ Y y pur o . o . L Suzuki-Miyaura Pd catalyst was unsuccessful being performed in the

and pose less environmental, health, and safety risks including Figure 3: Suzuki-Miyaura reaction scheme used in trial 8 icrowave as a result of hieh pressure buildub. Obtimization of

water/air pollution, persistency, volatility, toxicity, irritation, and , , , , , , . &n P p.. P

flammability.2 Heterocyclic compounds are coupled in this reaction as 8 4,6-dibromocarbazole, 4-pyridyl boronic acid, K;PO, and NiCl,(PCys), reaction conditions were unsuccessful but could be improved through

' were heated in a microwave reactor at 150°C for 30 minutes in EtOH. future experimentation.

they are common building blocks of drug discovery. They manipulate

lipophilicity, polarity and hydrogen bonding in biological molecules as . . .

, ’ , All reactions followed the same workup of quenching with 1M HCI,
they so.lmula.te the structure of nzfltural heterocyclic compc?unds such as extraction with EtOAC, washing with 1M NaOH and brine, drying over FUTURE WORK
nucleic acids and amino acids. These molecules improve the

MgSQO,, filtering and concentrating.

Optimization of the synthetic conditions could allow for product formation

oroperties of drugs.3. In the special project study, a less expensive and and characterization. Different solvents, heating methods and reaction
ess hazardous nickel catalyst and a “green” solvent, t-amyl alcohol, RESULTS times could be altered. Additionally, coupling of other substrates with
' ili different reactivity and structure could be attempted as a proof of concept

will be utilized.?

oharmacological, pharmacokinetic, toxicological and physiochemical

o p Starting Materials Galore!! and for the formation of new heterocyclic molecules.
/@Q B(OH), Cl - NICI2(PCy3)2 . & \ w oroduct A A
= —Ni LN e HO. g Br roduct A:
(j Q/P | 23’;“?':;“;: O ( O ( * Likely result of coupling of 4-pyridylboronic acid and v
d - 5-bromoindole N
5-bromoindole 4fﬁ-d|brnmncarhaznle 4-pyridylboronic acid NiCl,(PCys), ’39 . . i;;gggg - 3 ki ) POtent'?l appllcat.|0n§ as a receptor antagonls-t for. \
<01 I I S R S i 8 dopamine, meaning it blocks or dampens a biological response '
Figure 1: Reagents used in following project (R A by binding or blocking a receptor
| A * |t could be developed as a treatment for central nervous system disorders,
EXPERIMENTAL Mﬁg including depression, anxiety, OCD, PTSD, ADHD, schizophrenia and substance
. addictions.®
The general reaction scheme is shown below in Figure 2. An additional o ™ Figure 3: "H NMR Products B and C: ° 7\ )T © /7
proof of concept was performed, shown in Figure 3. = obtained from reaction 5 * Possible products of the ~ —
| coupling of 4-pyridylboronic aC|d
/ \ Nlcgggfa}z 74 \ | | | and 4,6-dibromocarbazole. O O O O
N B(OH), + Br——Het P N Het + BrB(OH), M ML ||| * Not successfully been synthesized
— — U L | l through a batch method.
Figure 2: General Suzuki-Miyaura reaction scheme used in project for trials  Said to exhibit electroluminescent properties, which emit light in response to an
1-74.5 e Js b s e s so a5 4o 5 do 25 a0 a5 1o o5 & electric current or field. These compounds and other derivatives can
* Could demonstrate strong brightness, heat resistance, efficiency and a long
Cross-coupling reactions were run under multiple conditions, % ooy, U o s lifetime.”
changing solvent, heating apparatus, and substrate. 6 w S t_a:g;h; @/CE/) ' E')Hr Constructing a simple batch synthesis of these three products will allow for the
i i 120°C, 12hr N~ advancement of heterocyclic compounds with commercial applications.

d
d

—~6500

1 5-bromoindole, 4-pyridyl boronic acid, potassium phosphate(K;PO,)

and NiCl,(PCy,), were heated in t-amyl alcohol in an oil bath for 1 hour
at 80°C. ) N s REFERENCES

yl alcohol

pyridylboronic aci
pyridylb:
AC
Ac
yl alcohol

—0.99

2 4,6-dibromocarbazole, 4-pyridyl boronic acid, K;PO, and NiCl,(PCy;), 1] Suzuki, A. Chem. Commun. 2005, 38.
were heated in a microwave reactor at 150°C for 30 minutes in t-amyl Figure 4: *H NMR 2] Gomtsyan, A. Chemistry of Heterocyclic Compounds 2012, 48 (1), 7-10.
alcohol obtained from reaction 6 3] Byrne, F. P,; Jin, S.; Paggiola, G.; Petchey, T. H. M.; Clark, J. H.; Farmer, T. J.; Hunt, A. J.;

. [ Mcelroy, C. R.; Sherwood, J. Sustainable Chemical Processes 2016, 4 (7).
3 5-bromoindole, 4-pyridyl boronic acid, K3PO4and NiCIz(PCy3)2 were :.zooo 4] Hie, L.; Chang, J. J.; Garg, N. K. Journal of Chemical Education 2014, 92 (3), 571-574.
heated in THF in an oil bath for 12 hours at 80°C . = 5] Ramgren, S. D.; Hie, L.; Ye, Y.; Garg, N. K. Organic Letters 2013, 15 (15) 3950- 3953.

| , [l 6] Kong, J.; Park, W.; Cho, H.; Jeong, D. Piperazinyl-propyl-pyrazole Derivatives as Dopamine

4/6 5-bromoindole, 4-pyridyl boronic acid, K;PO, and NiCl,(PCys,), | _M | D4 Receptor Antagonists. U.S. Patent 8,236,806, August 7, 2012.

were heated in t-amyl alcohol in a metal heating block for 12 hours at [7] Gao, C.; Cui, D.; Wang, K.; Sun, Y. Preparation of 1,3-bis(carbazol-9-yl)-5-aryloxybenzene
120°C. e T S e s s T s s s as organic electroluminescent material, December 4, 2015.

8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)



