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Figure 3.3.23 19F NMR (565 MHz, DMSO-d6) of C5.9 

 

Figure 3.3.24 Chiral GC (GC-FID) spectrum of rac-C5.9 and C5.9 
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Figure 3.3.25 1H NMR (600 MHz, CDCl3-d) of C5.10 
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Figure 3.3.26 13C NMR (150 MHz, CDCl3-d) of C5.10 
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Figure 3.3.27 19F NMR (565 MHz, CDCl3-d) of C5.10 
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Figure 3.3.28 Chiral GC (GC-FID) spectrum of rac-C5.10 and C5.10 

 

Figure 3.3.29 1H NMR (600 MHz, CDCl3-d) of C5.11 
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Figure 3.3.30 13C NMR (150 MHz, CDCl3-d) of C5.11 
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Figure 3.3.31 19F NMR (564 MHz, CDCl3-d) of C5.11 

 

Figure 3.3.32 Chiral GC (GC-FID) spectrum of rac-C5.11 and C5.11 
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Figure 3.3.33 1H NMR (600 MHz, DMSO-d6) of rac-Frag C 
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Figure 3.3.34 13C NMR (600 MHz, DMSO-d6) of rac-Frag C 
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Figure 3.3.35 19F NMR (600 MHz, DMSO-d6) of rac-Frag C 

 

4 Appendix 

4.1 Route scouting of LenC 2  

LenC 2 was an asymmetric synthetic approach to access Frag C. The key steps include the 

synthesis of chiral epoxide C2.6 and the subsequent intramolecular Hodgson cyclopropanation to 

afford C2.7 (Scheme 4.1.1).  
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Scheme 4.1.1 Key Idea LenC 2 

Unfortunately, the synthesis of precursor C2.6 turned out to be very challenging. As summarized 

in Scheme 4.1.2, several routes from the starting material C2.1 were initially tried, but this 

substrate proved difficult to functionalize productively. The Boc-protected product (C2.2) proved 

unstable and susceptible to hydrolysis. Tempering the aldehyde’s electronic contribution by 

running the Wittig reaction first, followed by Boc protection, also gave an unstable product. 

Various bromination conditions with C2.1 and its acetal-protect analog were explored (Br2, NBS, 

HBr/H2O2), most showing C2.1 as unreactive or giving unknown products.  N-Benzyl protection 

of C2.1, followed by Wittig, is possible, but all attempts failed in the acylation reaction with 

chloroacetyl chloride under basic conditions (n-BuLi, LiTMP, i-PrMgCl·LiCl, TMP-MgCl·LiCl), 

– due to the acidity of the benzylic protons and chloroacetyl chloride reagent. Moreover, n-BuLi-

promoted polymerization was observed under Hodgson cyclopropanation conditions (i.e., 0 °C), 

consistent with what is known of the polymerization of styrene by n-BuLi.58 
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Scheme 4.1.2 Route scouting efforts for Key Idea LenC 2 

All the failed results indicated the challenges in the LenC 2 approach. Due to the limited timeline 

of the project, this approach was abandoned.  

 

4.2 Route scouting of LenC 3 

LenC 3 is another asymmetric route to access Frag C. The key transformation is desymmetrization 

of prochiral ketone (C3.1) to form chiral trifluoroacetyl bicyclo ketone (C3.3) (Scheme 4.2.1). It 

was envisioned that the desymmetrization could be accomplished via a classic asymmetric aldol 

reaction organocatalyzed by a chiral secondary amine59–65 or a Mukaiyama aldol reaction66–74 from 

a chiral silyl enol ether. Then the newly formed trifluoroacetyl bicyclo ketone (C3.3) could 

undergo Knorr pyrazole synthesis and be converted to Frag C according to the reported method.5 

 
Scheme 4.2.1 Key Idea LenC 3 
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Scheme 4.2.2 Organocatalytic Aldol reaction approach to Frag C 

Initially, our focus on the organocatalytic Aldol reaction approach to Frag C (Scheme 4.2.2). This 

approach was centered around proline due to its well-known ability to drive asymmetric aldol 

reactions. Preliminary reactions were done on a model substrate (i.e., cyclohexanone) due to the 

high cost and low availability of the C3.1 starting material. The use of this model substrate allowed 

us to uncover optimal bond-forming conditions for this transformation (i.e., ketone (1.04 eq), (1 

eq), DL-proline (30 mol%), MeCN, 25 °C, 24-48 h). Utilizing these conditions, we synthesized 

rac-C3.2a in ~80 % assayed yield on a 2-gram scale after 48 h. Regrettably, when chiral amines 

(Figure 4.2.1) were used in this reaction, only trace amount of product (<10 A% via GCMS) was 

seen after 4-7 days, and no improvements after heating at 60 ° for 24 h. Isolation and chiral HPLC 

on C3.2a proved unsuccessful due to the complexity and stability of the molecule. Therefore, crude 

rac-C3.2a was oxidized under traditional Dess-Martin periodinane (DMP) conditions, affording 

rac-C3.3 in ~77 % assay yield. Again, isolation and chiral HPLC on rac-C3.3 proved unsuccessful 

due solely to the complexity of the molecule (i.e., multi-diastereomers and tautomers). 

Consequently, crude rac-C3.3 was converted to the pyrazole (rac-C3.4) via baseline conditions, 

affording 160 mg of rac-C3.4 (from 1.01 grams of C3.1) in 22 % isolated yield. Nonetheless, these 

conditions suffer from many drawbacks, including long reaction times, low conversion rates, high 

amounts of undesired di-substituted byproduct, and expensive and hard-to-obtain bicyclo starting 

material. Because of this, we abandoned this route. 
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Figure 4.2.1 Chiral secondary amines used in asymmetric aldol condensation 

In parallel, we also investigated a modified Mukaiyama aldol reaction (Scheme 4.2.3) to 

afford C3.4. The compound C3.2b was prepared in 73 % isolated yield (90 wt% purity by qNMR) 

from the reaction of C3.1, n-BuLi and TBSCl in the presence of (R)-N-methyl-1-phenylethan-1-

amine (Scheme 4.2.2). The measurement of the ee of C3.2b was not successful due to the labile 

of -OTBS functionality. Thus, we moved forward to the next two steps to achieve the pyrazole 

intermediate C3.4 to prove the chiral induction concept. In the presence of Sc(OTf)3, the reaction 

of TFAA with C3.2b afforded C3.3b in 24% yield and the subsequent Knorr cyclization produced 

C3.4 in 41% isolated yield. Regrettably, compound C3.4 displayed almost racemic (ee <2 %). At 

the end, this route was abandoned. 

 
 

Scheme 4.2.3 Mukaiyama approach to C3.4 
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4.3 Standard operating procedure (SOP) for HF-pyridine chemistry 
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4.4 X-ray crystal structure and data  

4.4.1 X-ray crystal structure of C5.9 

 

Figure 4.4.1 Single-crystal X-ray structure of C5.9 with thermal ellipsoids drawn at 50% 

probability. 

 

4.4.2 X-ray crystal structure data for C5.9 
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Compound  SNY150-X14a_mC39_offline_auto  

    

Formula  C12H11F3N2O3  

Dcalc./ g cm-3  1.509  

/mm-1  1.210  

Formula Weight  288.23  

Colour  clear light colourless  

Shape  needle  

Size/mm3  0.75×0.10×0.06  

T/K  100.00(10)  

Crystal System  monoclinic  

Flack Parameter  0.08(8)  

Hooft Parameter  0.10(3)  

Space Group  C2  

a/Å  22.0454(3)  

b/Å  5.07540(10)  

c/Å  11.33730(10)  

/°  90  

/°  90.5160(10)  

/°  90  

V/Å3  1268.47(3)  

Z  4  

Z'  1  

Wavelength/Å  1.54184  

Radiation type  Cu K  

min/°  3.899  

max/°  74.955  

Measured Refl.  21071  

Independent Refl.  2422  

Reflections with I > 2(I)  2417  

Rint  0.0433  

Parameters  183  

Restraints  1  

Largest Peak  0.408  

Deepest Hole  -0.337  

GooF  1.052  

wR2 (all data)  0.0851  

wR2  0.0850  

R1 (all data)  0.0331  

R1  0.0330  
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Table 4.4.1: Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement Parameters 
(Å2×103) for SNY150-X14a_mC39_offline_auto. Ueq is defined as 1/3 of the trace of the orthogonalised Uij. 

Atom x y z Ueq 

F3 5132.8(7) 715(4) 2534.5(15) 38.5(4) 

O3 7531.0(7) 8670(3) 4179.6(14) 25.3(4) 
O2 8232.5(7) 4414(4) 1325.3(14) 28.9(4) 

O1 7430.4(8) 7156(4) 1124.7(16) 31.3(4) 

F1 4854.3(7) 3617(5) 3762.0(19) 62.0(7) 

F2 4928.0(9) 4579(5) 1919(2) 67.6(7) 

N2 6791.0(9) 4106(4) 2765.9(16) 22.6(4) 
N1 6278.1(9) 2896(4) 2412.4(17) 24.8(5) 

C5 6668.5(10) 6043(5) 3550.4(19) 21.5(5) 

C4 6997.9(10) 8057(5) 4236.9(19) 21.7(5) 

C6 6056.2(10) 6092(5) 3743(2) 22.8(5) 

C10 7668.4(11) 5227(5) 1525(2) 23.5(5) 

C9 7378.1(10) 3248(5) 2349(2) 23.3(5) 
C8 5192.0(12) 3275(6) 2797(2) 32.1(6) 

C2 5906.3(11) 8054(5) 4674(2) 24.9(5) 

C1 6192.3(11) 7477(5) 5855(2) 26.8(6) 

C7 5828.1(10) 4077(6) 3013(2) 25.2(5) 

C3 6516.0(11) 9296(5) 4992(2) 25.0(5) 
C11 8592.1(13) 5945(8) 497(2) 41.3(8) 

C12 9102.5(14) 4236(10) 111(3) 56.8(11) 

 

Table 4.4.2: Anisotropic Displacement Parameters (×104) SNY150-X14a_mC39_offline_auto. The 
anisotropic displacement factor exponent takes the form: -22[h2a*2 × U11+ ... +2hka* × b* × U12] 
 

Atom U11 U22 U33 U23 U13 U12 

F3 31.1(8) 35.5(11) 49.0(9) -4.0(8) -2.7(7) -8.0(7) 
O3 25.7(8) 18.5(10) 31.8(8) 3.2(7) 2.6(6) -2.7(7) 
O2 24.8(8) 34.9(12) 27.1(8) 10.0(8) 4.8(6) 1.5(8) 
O1 38.3(10) 23.4(10) 32.3(9) 5.3(8) 3.8(7) 4.5(8) 
F1 29.1(8) 88.9(18) 68.1(12) -41.0(12) 12.6(8) -7.8(10) 
F2 52.5(11) 53.6(14) 95.7(16) 32.8(12) -44.4(11) -13.8(10) 
N2 24.8(9) 20.2(11) 22.9(9) -1.2(8) 1.7(7) -0.1(8) 
N1 27.3(9) 21.2(12) 25.9(9) -2.5(8) -1.0(7) -1.0(8) 
C5 27.2(11) 15.3(12) 21.9(10) 1.4(9) 2.6(8) 0.5(9) 
C4 27.7(11) 13.5(12) 24.0(10) 3.8(9) 2.3(8) 0.3(9) 
C6 25.0(11) 19.8(13) 23.5(10) 1.0(9) 2.5(8) 2.4(9) 
C10 26.8(11) 23.2(15) 20.3(10) -2.1(9) 0.5(8) -1.5(10) 
C9 26.2(10) 19.4(13) 24.4(10) -0.2(9) 4.1(8) 4.3(10) 
C8 30.8(12) 30.3(17) 35.2(13) -5.8(11) -2.9(10) 1.6(11) 
C2 26.4(11) 20.0(13) 28.2(11) -1.2(10) 3.2(9) 2.9(10) 
C1 30.5(12) 25.8(16) 24.2(11) -3.0(9) 4.5(9) -0.3(10) 
C7 24.8(11) 24.9(14) 26.0(10) -1.0(11) 0.1(8) 3.4(10) 
C3 28.4(11) 17.2(14) 29.4(11) -3.2(10) 2.7(9) 1.7(10) 
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Atom U11 U22 U33 U23 U13 U12 

C11 33.0(13) 55(2) 35.7(14) 18.6(14) 7.5(11) -2.9(14) 
C12 34.3(15) 92(3) 44.8(16) 30(2) 14.4(12) 14.4(18) 

 

Table 4.4.3: Bond Lengths in Å for SNY150-X14a_mC39_offline_auto. 

Atom Atom Length/Å 

F3 C8 1.339(4) 

O3 C4 1.218(3) 
O2 C10 1.331(3) 

O2 C11 1.458(3) 

O1 C10 1.198(3) 

F1 C8 1.340(3) 

F2 C8 1.326(3) 
N2 N1 1.345(3) 

N2 C5 1.355(3) 

N2 C9 1.449(3) 

N1 C7 1.349(3) 

C5 C4 1.472(3) 

C5 C6 1.370(3) 
C4 C3 1.508(3) 

C6 C2 1.490(3) 

C6 C7 1.406(4) 

C10 C9 1.517(3) 

C8 C7 1.478(3) 
C2 C1 1.504(3) 

C2 C3 1.525(3) 

C1 C3 1.527(3) 

C11 C12 1.489(5) 

 

Table 4.4.42: Bond Angles in ° for SNY150-X14a_mC39_offline_auto. 
 

Atom Atom Atom Angle/° 

C10 O2 C11 117.3(2) 

N1 N2 C5 110.79(19) 
N1 N2 C9 121.1(2) 
C5 N2 C9 128.0(2) 
N2 N1 C7 105.49(19) 
N2 C5 C4 138.7(2) 
N2 C5 C6 108.7(2) 
C6 C5 C4 112.6(2) 
O3 C4 C5 128.4(2) 
O3 C4 C3 127.5(2) 
C5 C4 C3 104.08(19) 
C5 C6 C2 110.5(2) 
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Atom Atom Atom Angle/° 

C5 C6 C7 103.9(2) 
C7 C6 C2 145.4(2) 
O2 C10 C9 107.4(2) 
O1 C10 O2 126.5(2) 
O1 C10 C9 126.0(2) 
N2 C9 C10 112.7(2) 
F3 C8 F1 104.7(2) 
F3 C8 C7 113.2(2) 
F1 C8 C7 111.3(2) 
F2 C8 F3 106.0(2) 
F2 C8 F1 107.8(3) 
F2 C8 C7 113.3(3) 
C6 C2 C1 114.0(2) 
C6 C2 C3 104.08(19) 
C1 C2 C3 60.55(16) 
C2 C1 C3 60.40(16) 
N1 C7 C6 111.1(2) 
N1 C7 C8 119.7(2) 
C6 C7 C8 129.1(2) 
C4 C3 C2 108.5(2) 
C4 C3 C1 116.6(2) 
C2 C3 C1 59.05(16) 
O2 C11 C12 107.2(3) 

 

 

Table 4.4.5: Torsion Angles in ° for SNY150-X14a_mC39_offline_auto. 
 

Atom Atom Atom Atom Angle/° 

F3 C8 C7 N1 33.2(3) 

F3 C8 C7 C6 -150.7(3) 
O3 C4 C3 C2 174.3(2) 
O3 C4 C3 C1 -121.7(3) 
O2 C10 C9 N2 171.85(19) 
O1 C10 C9 N2 -8.5(3) 
F1 C8 C7 N1 150.8(3) 
F1 C8 C7 C6 -33.1(4) 
F2 C8 C7 N1 -87.6(3) 
F2 C8 C7 C6 88.5(3) 
N2 N1 C7 C6 1.0(3) 
N2 N1 C7 C8 177.7(2) 
N2 C5 C4 O3 7.4(5) 
N2 C5 C4 C3 -175.4(3) 
N2 C5 C6 C2 175.48(19) 
N2 C5 C6 C7 -0.5(3) 
N1 N2 C5 C4 -178.8(3) 
N1 N2 C5 C6 1.2(3) 
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Atom Atom Atom Atom Angle/° 

N1 N2 C9 C10 110.6(3) 
C5 N2 N1 C7 -1.3(3) 
C5 N2 C9 C10 -71.9(3) 
C5 C4 C3 C2 -3.0(3) 
C5 C4 C3 C1 61.0(3) 
C5 C6 C2 C1 -61.4(3) 
C5 C6 C2 C3 2.3(3) 
C5 C6 C7 N1 -0.3(3) 
C5 C6 C7 C8 -176.7(3) 
C4 C5 C6 C2 -4.5(3) 
C4 C5 C6 C7 179.5(2) 
C6 C5 C4 O3 -172.6(2) 
C6 C5 C4 C3 4.6(3) 
C6 C2 C1 C3 93.1(2) 
C6 C2 C3 C4 0.6(3) 
C6 C2 C3 C1 -109.9(2) 
C10 O2 C11 C12 -161.2(3) 
C9 N2 N1 C7 176.6(2) 
C9 N2 C5 C4 3.5(5) 
C9 N2 C5 C6 -176.5(2) 
C2 C6 C7 N1 -173.7(3) 
C2 C6 C7 C8 9.9(6) 
C2 C1 C3 C4 -96.5(2) 
C1 C2 C3 C4 110.5(2) 
C7 C6 C2 C1 111.8(4) 
C7 C6 C2 C3 175.5(3) 
C11 O2 C10 O1 -3.0(4) 
C11 O2 C10 C9 176.7(2) 

 

Table 4.4.6: Hydrogen Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement 
Parameters (Å2×103) for SNY150-X14a_mC39_offline_auto. Ueq is defined as 1/3 of the trace of the 
orthogonalised Uij. 

Atom x y z Ueq 

H9A 7330.39 1546.41 1931.68 28 
H9B 7650.81 2956.11 3035.17 28 
H2 5531.43 9156.5 4611.4 30 
H1A 6364.24 5696.92 5983.45 32 
H1B 6006.93 8285.94 6560.23 32 
H3 6536.15 11227.06 5163.22 30 
H11A 8750.59 7555.99 884.06 50 
H11B 8340.15 6473.64 -190.03 50 
H12A 9374.66 5252.03 -393.8 85 
H12B 8941.08 2728 -330.68 85 
H12C 9327.45 3603.23 805.06 85 
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4.4.3 X-ray crystal structure of C5.11 

 
Figure 4.4.2 Single-crystal X-ray structure of C5.11 with thermal ellipsoids drawn at 50% 

probability. 

 

4.4.4 X-ray crystal structure data for C5.11  

 

Table 4.4.7 Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement 

Parameters (Å2×103) for C5.11. Ueq is defined as 1/3 of the trace of the orthogonalised Uij. 
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Atom x y z Ueq 

F10 873(4) 3845(3) 6650(3) 38.4(7) 

F9 -858(4) 2861(3) 5437(3) 41.8(7) 

F5 6508(4) 6310(3) 3382(3) 44.5(7) 

F4 4379(4) 7397(3) 4472(3) 41.5(7) 

O4 3642(4) -727(3) 7914(3) 32.8(7) 

F1 8695(5) 5621(3) 9441(3) 61.5(11) 

O3 4661(5) 1493(3) 6806(3) 39.0(8) 

O1 10356(5) 8683(3) 3358(4) 37.8(8) 

O2 9433(5) 10798(3) 2171(3) 35.9(8) 

F2 8661(6) 7929(4) 9774(4) 69.1(11) 

F3 10741(5) 7036(6) 8556(4) 77.7(13) 

N4 2750(5) 1449(4) 4591(4) 28.3(8) 

N2 7682(5) 8623(4) 5505(4) 27.6(8) 

N3 4028(5) 1370(4) 3535(4) 31.7(8) 

N1 8575(5) 8656(4) 6628(4) 30.5(8) 

C10 9341(6) 9678(4) 3257(4) 29.2(9) 

C8 9113(6) 6990(5) 8788(5) 32.8(10) 

C17 2023(6) 2816(4) 4493(4) 26.2(8) 

C19 4057(6) 2718(5) 2722(4) 29.9(9) 

C6 7232(5) 6428(4) 6840(4) 25.8(8) 

C18 2805(6) 3667(4) 3284(4) 26.4(8) 

C7 8294(6) 7327(4) 7434(4) 27.0(9) 

C5 6895(6) 7304(4) 5587(4) 26.4(9) 

C2 6296(6) 4984(4) 7032(4) 28.9(9) 

C4 5771(6) 6544(5) 4740(4) 29.2(9) 

C22 3758(6) 437(4) 6867(4) 26.8(9) 

C16 626(6) 3636(4) 5252(4) 28.3(9) 

C21 2521(6) 248(4) 5804(5) 29.9(9) 

C14 1989(6) 5163(4) 3056(4) 30.7(9) 

C9 7804(6) 9844(4) 4314(5) 31.3(10) 

C15 573(6) 5123(5) 4301(5) 31.1(9) 

C3 5361(6) 5073(5) 5694(5) 32.3(10) 

C1 4442(6) 5178(5) 7176(5) 36.0(10) 

C13 198(7) 5084(5) 2775(5) 36.9(11) 

C23 4695(7) -630(5) 9066(5) 36.8(11) 

C11 10823(7) 10749(5) 1031(5) 37.5(11) 

C20 5353(7) 3062(6) 1449(5) 40.7(11) 

C24 4376(8) -2030(6) 10150(5) 47.1(13) 

C12 10604(10) 12011(7) -137(6) 65(2) 

F8 4856(8) 3872(12) 445(7) 225(6) 

F6 6715(6) 3597(6) 1822(5) 93.4(17) 

F7 5988(7) 1817(6) 932(5) 103(2) 
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Table 4.4.8 Anisotropic Displacement Parameters (×104) C5.11. The anisotropic displacement 

factor exponent takes the form: -2p2[h2a*2 × U11+ ... +2hka* × b* × U12] 

Atom U11 U22 U33 U23 U13 U12 

F10 44.4(18) 42.4(14) 25.8(11) 5.4(10) -3.6(11) -0.2(12) 

F9 30.9(17) 36.5(14) 55.6(16) 1.1(11) -1.7(13) -5.5(12) 

F5 55(2) 48.3(15) 30.6(12) -2.1(10) -10.6(13) -0.4(14) 

F4 38.4(18) 36.6(13) 51.9(16) -2.2(11) -17.7(14) 1.0(12) 

O4 39(2) 27.9(14) 30.1(14) 8.0(11) -9.0(13) -4.5(13) 

F1 87(3) 48.2(16) 49.5(17) 23.0(13) -34.6(18) -26.0(17) 

O3 46(2) 34.0(15) 36.3(16) 6.6(12) -9.1(15) -15.1(14) 

O1 35(2) 31.0(15) 42.6(17) 11.1(12) -2.7(14) 3.1(13) 

O2 44(2) 30.6(14) 28.2(14) 10.4(11) 0.4(13) 6.3(13) 

F2 91(3) 77(2) 49.8(18) -21.9(16) -40(2) 23(2) 

F3 32(2) 143(4) 51.5(19) 30(2) -16.1(16) -17(2) 

N4 25(2) 26.2(15) 31.0(17) 5.5(13) -3.0(14) -1.1(14) 

N2 25(2) 28.8(16) 26.6(16) 7.9(13) -4.3(14) -5.7(14) 

N3 28(2) 36.4(18) 29.7(17) 2.9(14) -5.6(15) -1.9(16) 

N1 26(2) 33.0(17) 31.7(17) 4.0(13) -6.4(15) -6.7(15) 

C10 34(3) 24.2(18) 28.2(19) 6.3(14) -7.9(17) -5.0(17) 

C8 29(3) 40(2) 29(2) 4.8(16) -7.4(18) -7.0(18) 

C17 23(2) 25.2(18) 28.1(18) 6.6(14) -4.7(15) -4.5(15) 

C19 30(3) 35(2) 23.9(18) 2.1(15) -8.4(17) -5.2(17) 

C6 21(2) 28.4(18) 25.9(18) 3.7(14) -1.8(16) -3.9(16) 

C18 23(2) 31.6(19) 23.1(17) 6.2(14) -5.4(15) -4.3(16) 

C7 21(2) 33.0(19) 24.6(18) 5.3(15) -1.3(16) -5.3(17) 

C5 22(2) 27.2(18) 29.1(18) 3.1(14) -4.7(16) -3.5(16) 

C2 33(3) 22.2(17) 30.4(19) 1.9(14) -3.4(18) -3.3(17) 

C4 32(3) 29.8(19) 26.9(18) 0.1(15) -10.7(17) 0.8(17) 

C22 26(3) 24.3(18) 27.2(18) 4.2(14) -0.3(16) -0.4(16) 

C16 28(3) 29.0(19) 25.5(18) 6.2(14) -2.5(16) -5.3(16) 

C21 28(3) 24.2(18) 36(2) 9.7(15) -7.9(18) -3.3(17) 

C14 37(3) 27.2(19) 25.3(18) 6.4(15) -4.4(17) -4.2(17) 

C9 32(3) 26.1(19) 32(2) 11.2(15) -3.7(18) -2.4(17) 

C15 32(3) 27.9(19) 31(2) 6.3(16) -1.3(18) 0.6(17) 

C3 35(3) 27.4(19) 35(2) -0.5(16) -6.5(19) -6.8(18) 

C1 34(3) 34(2) 39(2) 1.9(17) -8(2) -11.5(19) 

C13 40(3) 37(2) 32(2) 4.3(17) -9(2) 6(2) 

C23 37(3) 45(2) 27(2) 6.5(17) -6.3(19) -2(2) 

C11 48(3) 36(2) 25.6(19) 3.8(16) 0.5(19) -3(2) 

C20 43(3) 51(3) 26(2) -0.9(18) -1(2) -5(2) 

C24 59(4) 48(3) 31(2) 11(2) -10(2) 0(2) 

C12 89(6) 52(3) 40(3) 18(2) 23(3) 20(3) 
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Atom U11 U22 U33 U23 U13 U12 

F8 91(4) 409(13) 102(4) 176(6) 64(3) 125(6) 

F6 74(3) 129(4) 76(3) -43(3) 35(2) -62(3) 

F7 106(4) 107(3) 92(3) -54(3) 57(3) -47(3) 

 

Table 4.4.9 Bond Lengths in Å for C5.11. 

Atom Atom Length/

Å 

 
Atom Atom Length/

Å 

F10 C16 1.374(5) 
 

C17 C18 1.372(5) 

F9 C16 1.380(5) 
 

C17 C16 1.487(7) 

F5 C4 1.366(5) 
 

C19 C18 1.402(7) 

F4 C4 1.381(5) 
 

C19 C20 1.487(7) 

O4 C22 1.337(5) 
 

C6 C7 1.395(6) 

O4 C23 1.460(5) 
 

C6 C5 1.379(5) 

F1 C8 1.335(5) 
 

C6 C2 1.495(5) 

O3 C22 1.199(5) 
 

C18 C14 1.490(6) 

O1 C10 1.205(6) 
 

C5 C4 1.497(6) 

O2 C10 1.334(5) 
 

C2 C3 1.527(6) 

O2 C11 1.451(6) 
 

C2 C1 1.497(7) 

F2 C8 1.332(6) 
 

C4 C3 1.519(5) 

F3 C8 1.308(6) 
 

C22 C21 1.516(6) 

N4 N3 1.342(5) 
 

C16 C15 1.515(5) 

N4 C17 1.350(5) 
 

C14 C15 1.522(6) 

N4 C21 1.461(5) 
 

C14 C13 1.507(7) 

N2 N1 1.345(5) 
 

C15 C13 1.492(6) 

N2 C5 1.345(5) 
 

C3 C1 1.495(7) 

N2 C9 1.459(5) 
 

C23 C24 1.519(6) 

N3 C19 1.348(5) 
 

C11 C12 1.498(6) 

N1 C7 1.339(5) 
 

C20 F8 1.218(6) 

C10 C9 1.502(7) 
 

C20 F6 1.311(7) 

C8 C7 1.491(5) 
 

C20 F7 1.338(7) 

 

Table 4.4.10 Bond Angles in ° for C5.11. 

Atom Atom Atom Angle/°  Atom Atom Atom Angle/° 

C22 O4 C23 114.9(3)  C6 C2 C1 113.8(4) 

C10 O2 C11 116.3(4)  C1 C2 C3 59.2(3) 

N3 N4 C17 111.5(3)  F5 C4 F4 104.0(3) 
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N3 N4 C21 119.3(4)  F5 C4 C5 113.0(4) 

C17 N4 C21 128.0(4)  F5 C4 C3 111.5(3) 

N1 N2 C5 111.2(3)  F4 C4 C5 112.3(3) 

N1 N2 C9 120.4(3)  F4 C4 C3 113.3(4) 

C5 N2 C9 128.0(3)  C5 C4 C3 103.1(3) 

N4 N3 C19 105.0(4)  O4 C22 C21 109.5(3) 

C7 N1 N2 104.8(3)  O3 C22 O4 125.2(4) 

O1 C10 O2 124.1(4)  O3 C22 C21 125.2(4) 

O1 C10 C9 125.7(4)  F10 C16 F9 103.7(3) 

O2 C10 C9 110.2(4)  F10 C16 C17 112.9(4) 

F1 C8 C7 110.3(3)  F10 C16 C15 111.0(3) 

F2 C8 F1 106.1(4)  F9 C16 C17 112.6(3) 

F2 C8 C7 113.1(4)  F9 C16 C15 113.3(4) 

F3 C8 F1 107.1(4)  C17 C16 C15 103.7(3) 

F3 C8 F2 106.0(4)  N4 C21 C22 109.5(3) 

F3 C8 C7 113.6(4)  C18 C14 C15 104.2(3) 

N4 C17 C18 108.2(4)  C18 C14 C13 113.6(4) 

N4 C17 C16 139.5(4)  C13 C14 C15 59.0(3) 

C18 C17 C16 112.3(3)  N2 C9 C10 110.9(4) 

N3 C19 C18 111.3(4)  C16 C15 C14 108.8(4) 

N3 C19 C20 120.4(4)  C13 C15 C16 117.2(4) 

C18 C19 C20 128.2(4)  C13 C15 C14 60.0(3) 

C7 C6 C2 146.1(4)  C4 C3 C2 109.3(3) 

C5 C6 C7 103.2(3)  C1 C3 C2 59.3(3) 

C5 C6 C2 110.6(3)  C1 C3 C4 116.6(4) 

C17 C18 C19 104.0(4)  C3 C1 C2 61.4(3) 

C17 C18 C14 111.0(4)  C15 C13 C14 61.0(3) 

C19 C18 C14 145.0(4)  O4 C23 C24 107.1(4) 

N1 C7 C8 118.8(4)  O2 C11 C12 107.7(4) 

N1 C7 C6 112.3(4)  F8 C20 C19 113.5(5) 

C6 C7 C8 128.9(3)  F8 C20 F6 111.1(7) 

N2 C5 C6 108.5(3)  F8 C20 F7 108.2(7) 

N2 C5 C4 138.7(4)  F6 C20 C19 112.2(4) 

C6 C5 C4 112.7(3)  F6 C20 F7 99.0(5) 

C6 C2 C3 104.1(3)  F7 C20 C19 112.0(4) 

 

Table 4.4.11  Torsion Angles in ° for C5.11. 

Atom Atom Atom Atom Angle/°  Ato

m 
Atom Atom Atom Angle/° 
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F10 C16 C15 C14 118.7(4)  C6 C5 C4 F5 
-

117.4(4) 

F10 C16 C15 C13 
-

176.0(4) 
 C6 C5 C4 F4 125.4(4) 

F9 C16 C15 C14 
-

125.2(4) 
 C6 C5 C4 C3 3.0(5) 

F9 C16 C15 C13 -59.9(6)  C6 C2 C3 C4 0.5(5) 

F5 C4 C3 C2 119.5(4)  C6 C2 C3 C1 
-

109.6(4) 

F5 C4 C3 C1 
-

175.9(4) 
 C6 C2 C1 C3 92.7(4) 

F4 C4 C3 C2 
-

123.6(4) 
 C18 C17 C16 F10 

-

117.4(4) 

F4 C4 C3 C1 -59.0(5)  C18 C17 C16 F9 125.6(4) 

O4 C22 C21 N4 
-

175.0(4) 
 C18 C17 C16 C15 2.7(4) 

F1 C8 C7 N1 
-

179.7(4) 
 C18 C19 C20 F8 -37.1(9) 

F1 C8 C7 C6 -0.1(7)  C18 C19 C20 F6 89.7(6) 

O3 C22 C21 N4 7.3(6)  C18 C19 C20 F7 
-

160.0(5) 

O1 C10 C9 N2 -0.1(6)  C18 C14 C15 C16 1.9(5) 

O2 C10 C9 N2 179.8(3)  C18 C14 C15 C13 
-

109.3(4) 

F2 C8 C7 N1 61.6(6)  C18 C14 C13 C15 92.8(4) 

F2 C8 C7 C6 
-

118.8(5) 
 C7 C6 C5 N2 -1.5(5) 

F3 C8 C7 N1 -59.4(6)  C7 C6 C5 C4 179.2(4) 

F3 C8 C7 C6 120.3(6)  C7 C6 C2 C3 177.7(7) 

N4 N3 C19 C18 1.1(4)  C7 C6 C2 C1 115.4(7) 

N4 N3 C19 C20 178.7(4)  C5 N2 N1 C7 -1.3(5) 

N4 C17 C18 C19 -1.7(4)  C5 N2 C9 C10 -91.7(5) 

N4 C17 C18 C14 176.3(3)  C5 C6 C7 N1 0.7(5) 

N4 C17 C16 F10 65.5(7)  C5 C6 C7 C8 
-

178.9(5) 

N4 C17 C16 F9 -51.5(7)  C5 C6 C2 C3 1.4(5) 

N4 C17 C16 C15 
-

174.3(5) 
 C5 C6 C2 C1 -60.9(5) 

N2 N1 C7 C8 
-

180.0(4) 
 C5 C4 C3 C2 -2.0(5) 

N2 N1 C7 C6 0.3(5)  C5 C4 C3 C1 62.6(5) 

http://www.medicines4all.vcu.edu/


  

 
www.medicines4all.vcu.edu 

 

123 

N2 C5 C4 F5 63.7(7)  C2 C6 C7 N1 
-

175.7(6) 

N2 C5 C4 F4 -53.6(7)  C2 C6 C7 C8 4.7(11) 

N2 C5 C4 C3 
-

175.9(6) 
 C2 C6 C5 N2 176.4(4) 

N3 N4 C17 C18 2.6(5)  C2 C6 C5 C4 -2.9(5) 

N3 N4 C17 C16 179.7(5)  C4 C3 C1 C2 -97.7(4) 

N3 N4 C21 C22 77.6(5)  C22 O4 C23 C24 179.3(4) 

N3 C19 C18 C17 0.4(5)  C16 C17 C18 C19 
-

179.7(3) 

N3 C19 C18 C14 
-

176.4(6) 
 C16 C17 C18 C14 -1.7(5) 

N3 C19 C20 F8 145.7(8)  C16 C15 C13 C14 -97.0(4) 

N3 C19 C20 F6 -87.4(6)  C21 N4 N3 C19 
-

170.7(3) 

N3 C19 C20 F7 22.8(6)  C21 N4 C17 C18 169.8(4) 

N1 N2 C5 C6 1.8(5)  C21 N4 C17 C16 -13.0(8) 

N1 N2 C5 C4 
-

179.2(5)  
C9 N2 N1 C7 

-

174.4(4) 

N1 N2 C9 C10 80.1(5)  C9 N2 C5 C6 174.2(4) 

C10 O2 C11 C12 174.7(5)  C9 N2 C5 C4 -6.8(9) 

C17 N4 N3 C19 -2.2(4)  C1 C2 C3 C4 110.1(4) 

C17 N4 C21 C22 -88.8(5)  C13 C14 C15 C16 111.2(4) 

C17 C18 C14 C15 -0.1(5)  C23 O4 C22 O3 1.6(7) 

C17 C18 C14 C13 -62.2(5) 
 

C23 O4 C22 C21 
-

176.1(4) 

C17 C16 C15 C14 -2.7(4)  C11 O2 C10 O1 2.5(6) 

C17 C16 C15 C13 62.5(5) 
 

C11 O2 C10 C9 
-

177.4(4) 

C19 C18 C14 C15 176.6(6) 
 

C20 C19 C18 C17 
-

177.0(4) 

C19 C18 C14 C13 114.5(7)  C20 C19 C18 C14 6.2(9) 

 

Table 4.4.12 Hydrogen Fractional Atomic Coordinates (×104) and Equivalent Isotropic 

Displacement Parameters (Å2×103) for C5.11. Ueq is defined as 1/3 of the trace of the 

orthogonalised Uij. 

Atom x y z Ueq 

H2 6814.7 4023.44 7418.27 35 

H21A 2694.81 -737.17 5429.06 36 

H21B 1370.21 280.54 6307.04 36 
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Atom x y z Ueq 

H14 2663.18 6091.2 2729.1 37 

H9A 7839.13 10814.12 4715.05 38 

H9B 6805.04 9845.9 3795.67 38 

H15 304.54 6053.39 4778.09 37 

H3 5247.12 4144.6 5218.01 39 

H1A 3751.38 4310.79 7638.33 43 

H1B 3982.84 6168.01 7388.76 43 

H13A -297.75 5994.4 2285.12 44 

H13B -197.8 4126.16 2515.23 44 

H23A 4412.48 278.63 9554.23 44 

H23B 5884.28 -578.24 8652.45 44 

H11A 10842.07 9777.05 625.66 45 

H11B 11888.25 10860.02 1429.63 45 

H24A 4674.65 -2920.08 9656.74 71 

H24B 3193.48 -2073.91 10542.68 71 

H24C 5054.01 -1999.04 10949.33 71 

H12A 9536.57 11899.75 -510.06 97 

H12B 11514.77 11990.42 -934.49 97 

H12C 10615.97 12967.33 269.97 97 

 

4.5 Acquisition methods, retention times, chromatograms, and MS spectra  

4.5.1 LenC-1 (GC-MS) 

Structures & IDs: 

 
 

 

Instrument Type: Agilent 6890 gas chromatograph (GC) with a 5977 mass spectrometer 

detector (MSD) 

Conditions: 

Column: J&W HP-1 GC Column, 30 m, 0.32 mm, 5.00 µm, 5 inch cage 
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Inlet Pressure: 7.87 psi Split Ratio: 50 : 1 Split Flow: 70 mL/min 

Column flow: 1.4 mL/min Injection Temp: 250 oC Injection volume: 1 µL 

Total Flow: 74.11 mL/min Solvent Delay: 3.5 min Runtime: 15 min 

Temperature Program: 

Time 

(min) 

Ramp 

(◦C/min)  
Temp (°C) 

Hold 

(min) 
Initial - 50 3 

- 25 225 5 
 

MS Parameters: 

Transfer Line Temp (
◦C) 250 

Source Temp (
◦C) 230 

Quad Temp (
◦C) 150 

Electron Energy (eV) 70 

Mass Range 30-1000 
 

Sample preparation: 

Prepare solutions at approximately 0.5 - 1 mg/mL in acetonitrile. C5.3 is quite volatile and 

must be prepared carefully for quantitation.  

Retention Times 

Compound m/z Time (min) 

C5.1a 62, 57 6.35 

C5.3 97, 67 7.28 

C5.4 97 8.37 

C5.5 96 8.86 

C5.2 116, 81 9.16 

C5.7 128, 125 10.60 

C5.6 141, 117, 88 10.72 

Representative Chromatograms  

C5.1a – C5.3 

 
 

C5.4 and C5.5 
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C5.6 and C5.7 

 
 

Mass spectra:  
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C5.1a

 
C5.2  

 
C5.3 

 
 

C5.4
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C5.5

 
C5.6 

 
 

C5.7 

 
 

 

4.5.2 LenC-2 (GC-MS) 

Structures & IDs: 

 
 

Instrument Type: Agilent 8890 gas chromatograph (GC) with a 5977 mass spectrometer 

detector (MSD) 

Conditions: 

Column: J&W HP-5ms GC Column, 30 m, 0.25 mm, 0.25 µm 
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Inlet Pressure: 12.432 psi Split Ratio: 50 : 1 Split Flow: 70 mL/min 

Column flow: 1.4 mL/min Injection Temp: 250 oC Injection volume: 1 µL 

Total Flow: 74.11 mL/min Solvent Delay: 2.0 min Runtime: 14.0 min 

Temperature Program: 

Time 

(min) 

Ramp 

(◦C/min)  
Temp (°C) 

Hold 

(min) 
Initial - 50 3 

- 25 250 3 
 

MS Parameters: 

Transfer Line Temp (
◦C) 250 

Source Temp (
◦C) 230  

Quad Temp (
◦C) 150 

Electron Energy (eV) 70 

Mass Range 40-1000 
 

Sample preparation: 

Prepare solutions at approximately 0.5 - 1 mg/mL in methanol. 

Retention Times 

Compound m/z Time (min) 

C5.11 310, 291, 237 9.24 

Frag C 282, 237 9.65 

C5.9 288, 242, 215 10.20 

C 5.10 364, 262, 231 13.27 

Representative Chromatograms  

C5.9

 
C5.10

 
C5.11 
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Frag C 

 
Mass spectra 

 
C5.9

 
C5.10

 
C5.11 
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Frag C 

 
 

 

4.5.3 LenC-3 (Chiral, GC-FID) 

Structures & IDs: 

 

 

Instrument Type: Agilent 6890 gas chromatograph (GC) with a flame ionization detector 

(FID) 

Conditions: 
Column: RT-GammaDEXsa (30 m x 0.25 mm x 0.25 µm) 

Inlet Pressure: 16.4 psi Split Ratio: 50 : 1 Split Flow: 71.3 mL/min 

Column flow: 1.4 mL/min Inlet Temp: 250°C Injection volume: 1 µL 

Runtime: 16 min  FID Gas Flows:  

H2 = 35.0 mL/min 

Air = 450 mL 

Makeup (N2) = 30.0 mL/min 

Temperature Program: Isothermal at 60 °C   

FID Temperature: 250 °C  
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Sample preparation: Prepare solutions at approximately 5.0 mg/mL in methanol. 

Retention Times 

Compound Time (min) 

C5.6 Enantiomer 1 4.36 

C5.6 Enantiomer 2 4.63 

C5.3 (R) enantiomer  12.48 

C5.3 (S) enantiomer  13.19 

Notes: For accurate integration for C5.3, draw through the entire tail of the (R) peak and 

tangent skim the (S) peak. 

Representative Chromatograms  

C5.3 

 

 
C5.6 

 
 

 

4.5.4 LenC-4 (Chiral, GC-MS) 

Structures & IDs: 

 

Instrument Type: Agilent 6890 gas chromatograph (GC) with a 5977 mass spectrometer 

detector (MSD) 
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Conditions: 

Column: J&W HP-1 GC Column, 30 m, 0.32 mm, 5.00 µm, 5 inch cage 

Inlet Pressure: 7.87 psi Split Ratio: 50 : 1 Split Flow: 70 mL/min 

Column flow: 1.4 mL/min Injection Temp: 250 oC Injection volume: 1 µL 

Total Flow: 74.11 mL/min Solvent Delay: 3.5 min Runtime: 15 min 

Temperature Program: 

Time (min) 
Ramp 

(◦C/min)  
Temp (°C) 

Hold 

(min) 
Initial - 50 3 

- 25 225 5 
 

MS Parameters: 
Transfer Line Temp 

(
◦C) 

250 

Source Temp (
◦C) 230  

Quad Temp (
◦C) 150 

Electron Energy 

(eV) 
70 

Mass Range 30-1000 
 

Sample preparation: 

Prepare solutions at approximately 0.5 - 1 mg/mL in acetonitrile.  

Retention Times 

Compound Time (min) 

C5.4 (R) enantiomer 8.37 

C5.4 (S) enantiomer 8.49 

 

Representative Chromatograms  

C5.4 

 
 

 

4.5.5 LenC-5 (Chiral, GC-FID) 

Structures & IDs: 
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Instrument Type: Agilent 6890 gas chromatograph (GC) with a flame ionization detector 

(FID) 

Conditions: 

Column: RT-GammaDEXsa (30 m x 0.25 mm x 0.25 µm) 

Inlet Pressure: 10.0 psi Split Ratio: 50 : 1 Split Flow: 27.8 mL/min 

Column flow: 0.56 mL/min Inlet Temp: 200°C Injection volume: 1 µL 

Runtime: 45 min   

Temperature Program: Isothermal at 125 °C  FID Gas Flows:  

FID Temperature: 200 °C H2 = 35.0 mL/min 

 Air = 450 mL 

 Makeup (N2) = 30.0 mL/min 

Sample preparation: Dilute samples in MeCN  

Retention Times 

Compound Time (min) 

C5.5 Enantiomer 1 19.48 

C5.5 Enantiomer 2 20.96 

Notes: Stereochemical assignments unknown 

Representative Chromatogram 

C5.5 

 
 

 

4.5.6 LenC-6 (Chiral, SFC-DAD) 

Structures & IDs: 

 

Instrument Type: Agilent 1260 super critical fluid chromatograph (SFC) with diode array 

detector (DAD) 
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Conditions: 

Column: ChiralPak IG-3 4.6x250mm; 3 µm 

Mobile Phase A: CO2 

Mobile Phase B: Methanol 

Injection volume: 1 µL Column temp: 25oC Flow rate: 2.0 mL/min 

BPR Pressure: 100 bar BPR Temp: 60 °C  

Detector wavelength(s): 210 nm 

LC Gradient Table: 

Time 

(min) 

%A %B 

0.0 95 5 

10.0 95 5 
 

Sample preparation: 

Prepare solution in methanol at approximately 5 mg/mL. 

Retention Times 

Compound Time (min) 

C5.7 Enantiomer 1 2.78 

C5.7 Enantiomer 2 3.01 

C5.9 Enantiomer 1 2.31 

C5.9 Enantiomer 2 2.55 

C5.10 Enantiomer 1 5.14 

C5.10 Enantiomer 2 6.56 

Notes: Stereochemical assignments unknown 

Representative Chromatograms  

C5.7 

 
C5.9 

 
C5.10 
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UV Spectra 

C5.7 

 
C5.9 

 
C5.10 

 
 

 

4.5.7 LenC-7 (Chiral, SFC-DAD) 

Structures & IDs: 
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Instrument Type: Agilent 1260 super critical fluid chromatograph (SFC) with diode array 

detector (DAD) 

Conditions: 

Column: ChiralPak IG-3 4.6x250mm; 3 µm 

Mobile Phase A: CO2 

Mobile Phase B: Acetonitrile 

Injection volume: 1 µL 

 

Column temp: 

25oC  

Flow rate: 2.0 mL/min 

BPR Pressure: 100 bar BPR Temp: 60 °C 

Detector wavelength(s): 240 nm 

LC Gradient Table: 

Time (min) %A %B 

0.0 80 20 

6.0 80 20 

Post-run equilibration: None 

Sample preparation: 

Prepare solution in acetonitrile at ~1.0 

mg/mL 

Retention Times 

Compound Time (min) 

C5.11 Undesired enantiomer 2.18 

C5.11 Desired enantiomer (S,R) 2.54 
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Representative Chromatograms  

C5.11 Racemic

C5.11 Enantiopure

 
*Peak shoulder at 2.7 min is related to sample solvent (present in the blank) 
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UV Spectra

 
 

 

 

4.5.8 LenC-8 (Chiral, SFC-DAD) 

Structures & IDs: 

 

Instrument Type: Agilent 1260 super critical fluid chromatograph (SFC) with diode array 

detector (DAD) 

Conditions: 

Column: ChiralPak IC-3 4.6x250mm; 3 µm 

Mobile Phase A: CO2 

Mobile Phase B: Isopropanol (0.05% DEA) 

Injection volume: 1 µL Column temp: 25oC Flow rate: 2.35 mL/min 

BPR Pressure: 100 bar BPR Temp: 60 °C  

Detector wavelength(s): 240 nm 

LC Gradient Table: 

Time (min) %A %B 
0.0 80 20 

12.0 80 20 
 

Sample preparation: 

Prepare solution in methanol at approximately 10 

mg/mL 
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Retention Times 

Compound Time (min) 

Frag C Enantiomer 1 3.53 

Frag C Enantiomer 2 8.52 

Notes: Stereochemical assignments unknown 

Representative Chromatogram 

Frag C 

 
UV Spectra 

 
 

4.6 Acronyms 

AIDS                  acquired immunodeficiency syndrome  

ART                   antiretroviral therapy 

ATR   attenuated total reflection 

ARVs                  antiretroviral medications 

A%   area percent 

Ac2O   acetic anhydride  

AcOH   acetic acid 

Å   angstrom 

BMGF                Bill and Melinda Gates Foundation 

BF3·OEt2    boron trifluoride diethyl etherate 

BAST   bis(2-methoxyethyl)aminosulfur trifluoride (Deoxo-Fluor®) 

CF3CO2Et  ethyl trifluoroacetate 

DCM                 dichloromethane 

DMSO               dimethyl sulfoxide 
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DMF                      dimethylformamide  

DIPEA               N,N-diisopropylethylamine 

DMP   Dess-Martin periodinane 

DSC   differential scanning calorimetry 

DFI   2,2-difluoro-1,3-dimethylimidazolidine 

DBDMH  1,3-dibromo-5,5-Dimethylhydantoin 

DMAP   4-Dimethylaminopyridine 

EtOAc               ethyl acetate 

EAG/HCl   ethyl amino glycinate hydrochloride 

ESI   electrospray ionization 

EtOH                 ethyl alcohol 

1,2-EDT  ethane-1,2-dithiol 

Frag A              (S)-1-(3,6-dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethan-1-amine 

Frag B              4-chloro-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-(2,2,2-   

                           trifluoroethyl)-1H-indazol-3-amine 

Frag C              2-((3bS,4aR)-5,5-difluoro-3-(trifluoromethyl)-3b,4,4a,5-tetrahydro-1H-      

                          cyclopropa[3,4]cyclopenta[1,2-c]pyrazol-1-yl)acetic acid 

Fluolead  4-tert-butyl-2,6-dimethylphenylsulfur Trifluoride 

FID   flame-ionization detector 

FDA                   food and drug administration 

GCMS-TIC      gas chromatography-mass spectrometry total ion chromatogram 

HIV                    human immunodeficiency virus 

HDP   high-density polyethylene (HDPE) 

HRMS   high-resolution mass spectrometry 

HF-Py               Hydrogen fluoride pyridine (Olah’s reagent) 

i-PrOAc              isopropyl acetate 

i-PrOH                 isopropyl alcohol  

i-PrMgCl·LiCl    isopropyl magnesium chloride lithium chloride complex  

IPC   in-process control 

IR   infrared spectroscopy 

KOtBu   potassium tert-butoxide 

LiHMDS             lithium hexamethyldisilazide (Lithium bis(trimethylsilyl)amide) 

LenC                 Lenacapavir Fragment C 

LCMS   liquid chromatography–mass spectrometry 

LiTMP   Lithium 2,2,6,6-tetramethylpiperidide 

M4ALL              Medicines for All Institute  

MTBE   methyl tert-butyl ether 

Me4NF   tetrabutylammonium fluoride 

MS-EI   mass spectrometry – electron ionization 

m/z   mass/charge 

MS-DART  Direct Analysis in Real-Time Mass Spectrometry  

MsOH   methanesulfonic acid 

MDR HIV          multidrug-resistant HIV 
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NBS                  N-bromosuccinimide 

NMR                Nuclear Magnetic Resonance 

NMO   N-methylmorpholine N-oxide 

n-PrOH  n-propanol 

OPT                  scale-up optimization 

OXONE  potassium peroxymonosulfate (2KHSO5·KHSO4·K2SO4) 

PDR                     process development report 

PrEP                    pre-exposure prophylaxis 

PMI   process mass intensity 

PPE   personal protective equipment 

PTFE   polytetrafluoroethylene 

PMA   phosphomolybdic acid 

PIDA   (Diacetoxyiodo)benzene, phenyl iodine(III) diacetate, PhI(OAc)2 

qNMR               quantitative Nuclear Magnetic Resonance 

rac   racemic 

RMC                    raw material cost 

SDS   safety data sheet 

SRS                  synthetic route scouting 

SFC                  Supercritical fluid chromatography 

SOP                  Standard Operating Procedure 

SO2F2    sulfuryl fluoride 

TLC   thin-layer chromatography 

TBS-Cl  tert-butyldimethylsilyl chloride 

TC                       treatment cost 

TCCA   trichloroisocyanuric acid 

TE                        techno-economic  

TEMPO  2,2,6,6-Tetramethylpiperidine-1-oxyl 

TMP   2,2,6,6-tetramethylpiperidine 

THF                   tetrahydrofuran 

TFA    trifluoroacetic acid 

TFAA   trifluoroacetic anhydride 

TEA   triethylamine 

TfOH   triflic acid 

TMP-MgCl·LiCl    2,2,6,6-tetramethylpiperidinylmagnesium chloride lithium chloride  

   complex solution 

TPAP   tetrapropylammonium perruthenate  

UV   ultraviolet 

V   volume 

 max   wavenumber  

Xtalfluor-E  DAST difluorosulfinium salt, (Diethylamino)difluorosulfonium  

   tetrafluoroborate 

[𝛂]𝑫
𝟐𝟎   specific rotation 
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