Application of Fourier Transform Molecular Rotational Resonance Spectroscopy for
Rapid Chiral Purity Characterization
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Introduction
Chiralanalysisof moleculeswith multiple chiral centersrequiresidentifying the diastereomersand measuringtheir enantiomericexcessee). Molecularrotational spectroscopycan perform both of
theseanalyseswithout chromatographicseparation®* Thiswork examineshe ability of rotational spectroscopyo identify diastereomersconformationalisomers,and enantiomersfor measurements
with a dynamicrangeof 1000or more usingguantumchemistryestimatesof the molecularstructureanddipole moment

*David Patterson, Melanie Schnell, John M. Doyle,
G 9 Vv |V dspeific Sdiektion of chiral molecules via

: YAONR G| @S &LISO4NRBRTE QRIB)IE € > b I
Isopulegol Experiment
o= A Spectra measured using broadband
L o | chirped pulse excitation to measure
(L P S A AChiral intermediate in the synthesis of menthol 6 GHz of instantaneous bandwidth
CHO  Botertm  SoPuesel@  Neosopdegl®) A3000 tons of menthol are produced per year
AA singlediastereomeris responsible for flavor A Broad composition analystsfor
I T o AThree Chiral centers (8 total isomers) Characterizing new species,
unknown identification
lso-isopulegol (4)  Neociso-isopulegol (5) = .
Scheme 1. Cvchization of citronellal. o A TyplCal SpeCtrum a.t >10001 S/N
7| Awdrich Sample: (--Isopulegol | . |Alfa Sample with Fit Spectra s e (99.9% diastereomer purity) in - ~12
D. A I . I gj:tljizt(e:;fﬁogiizls Results: 20,000:1 5:21?53'9(;?(ZT:eT,u:é ;o;:onformers, 66%) C. Perez, $obsigerN. A. Seifert, D. PaleskiB. hours
300 Specific Rotation (neat): -20.4° 200 soisopulegol (magenta, 1%) : - - _Temelsp G.C. Shields, Kisie] B. H. Pate, Chem. Phys.
iastereomerAnalysis Enantiomeric Excess AnalysiSiu s 1 po1s
S -
3. >
] = 1 Ly ] L S 200- . :
Spectra from two different sourcess WWWWWWWWWWW T J LMU | N Enantiomer Analysis Results
(AlfaAesar& Sigma Aldrich) were =~ I .&va L Ll LWML The Alfasopulegolsample was Three Wave Mixing Level
. . Pt A UM N L 1 | L. i lagram 4 .
measured USIng I:IVIRR . Alfa Aesar Sample: Isopulegol, mixture of isomers - WPv analyzed by three Wave mIXIng FT 844.3 MHz === o Ch|ra| GC ~5050 (nOt fUIIy FESO|Ved)
spectroscopy. The resulting | e o o ot emers MRR'I t-r:hte measuremte_nt plr;)d;::ed a
-600 4  Optical Rotation (neat): -0.61° ] | _ | . | . | _ | _ | SidNna al Wwas roportional 1o e - ]
spectra were matched to spectra e MU el sdqm e abunpdagce bt et o FEFMRR Three Wave Mixing: 5743(+)
pred|Cted by theory tO COnflrm Frequency (MHz) rrequency (MRz) . Omer and a . na| that a >101.1 MHg 20 — Three Wave Mixing Measurements on Several Isopulegol Samples
- - : - - 600 -] Aldrich Sample 1S S Si was
thelr Identlty Relatlve Ilne GC/ MS FFMRR* 500 - |Soqu|)ego| >99.9% ro Ortlonal to thge dlﬁe rence |n the ,| || ,'H'( ,'ﬂ‘ S "ﬂ\ I'Iu\, |
intensities (experimental) are used o] Neosomiegol reen, <0.1% Prop | | 5945.4 MHz g |l N | L] | \ { | {\ / | ’
to determine the abundance of |54 1eqol 66% 60% S o abundance of the isomers. Tr;e ratio %03 £ h h m A :/‘ / ﬂ / m * h /
eachdiastereomer Results for Alfa - =, of the two signals yielded the % EE in g A
| . - / Neoisopulegol 23% 33% 5 0_-_ML__LMLML_MJ.,,P.d,,|ﬁ,|, Ll Ll L the sample (right). : AUV W YRRV
sample were compared to GC/MS Isoisopulegol 6% A%, DU AL 0 I \wﬂ | W Q0 X 100% < | '\ ’\ | \ | \ m \ f \ H
results. Neoisoisopulegol 4% 3% - AR AR AN
" Diﬁerent IOt number; Similar COA -4002;00 SOIOO 40100 SOIOO 60l00 70|00 80|00 -2(;,000 2_olo1 2_(;02
- - . Frequency (MHz) Time (microseconds)
FFMRR Analysis for Continuous Manufacturing o
Current methods rely on chromatography (HPLC): Artemisinin: A Model for Rap|d AnaIyS|S 209 Binvdroaremisinic Acid
: i _ _ o _ _ ihydroartemisinic Aci
1) Long method development times m A continuous flow synthesis for artemisinin (a vital anti »
2) Analysis can take 180 min AAMAS malarial) starting from biologically synthesizademesinic Two conformers identifiec
3) Prevents the use in flow chemistry production acid has been developed by the Fradlptongroup at VCU. 0. 500:1 signal-to-noise ratio *
4) Estimated cost is $508/ FFMRR will be used to monitor, in real time, the isomeric
FTMRR Method: Ell:ir:rt]g toefI ; s:zt;l: ri]r:tseirr]rirr1]ed|ated|hydroartemlslnlcacld, and z - J
1) Shorter method development times | Z 0_1..-Julm.hju | LH:. L L i .$MJL.MLJ} Jil}
A Consistent Samp”ng methods Can malaria be eliminated from the 4 H H 5 . P E l ‘ ‘ ‘ | ‘ | Mj”“ meﬂ ”
Mekong region before multiple-drug Reat Fsterfieation = i |
A No columns to deVel()p resistance makes it untreatable? ’QHE J;:EE /@EE ‘
A W S Ij d ZA NB é I. é A y. 3 t S (’] Y I By Leslie Roberts, in Pailin, Cambodia I. y. R S o f::r_f‘:m I HOOC | ROOC 10 — |
A RGQUH’GS Slmple quantum ChemIStry CaICUIathn Artemiﬂnic DHA&NZ?;:E%? IHEH Simulated rotational spectra of the conformers 130
2) Measurements < 5 m|n Acid using experimental spectral constants (frequencies) “ 1 L | I.Hl | | ] |
3) AIIOWS Constant rapid Sampllng for Continuous . . -20 andthe.-r:rretif:.alr.‘ripn:rlemmmer‘:tcampﬂnents{intensities}at‘l.IEI{ I D_D M JWMJ‘UL
P FTMRR measurements (right) have been made to determine 4300 4800 5300 5800 , ,
manutacturing candidate lines for DHAA analysis and characterize detection 5630 5650 5670

Frequency (MHz)

lImits. Frequency (MHz)

w20 SN az
Vol. 352, Issue 6284, pp. 3985
DOI: 10.1126/science.352.6284.398

[ SafSciende22/prl2016:NRA I 61 NA £ . .
new cavityenhanced FMRR instrument is currently under

development to directly interface with the continuous flow
process at VCU. This instrument will reduce analysis times to
minutes In order to give live feedback on reaction progress
and selectivity.
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