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Figure 3.3.23 °F NMR (565 MHz, DMSO-dg) of C5.9
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Figure 3.3.24 Chiral GC (GC-FID) spectrum of rac-C5.9 and C5.9
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Figure 3.3.25 'H NMR (600 MHz, CDCls-d) of C5.10
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Figure 3.3.26 13C NMR (150 MHz, CDCls-d) of C5.10
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Figure 3.3.28 Chiral GC (GC-FID) spectrum of rac-C5.10 and C5.10
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Figure 3.3.29 'H NMR (600 MHz, CDCls-d) of C5.11
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Figure 3.3.30 13C NMR (150 MHz, CDCls-d) of C5.11
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Figure 3.3.31 °F NMR (564 MHz, CDCls-d) of C5.11
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Figure 3.3.32 Chiral GC (GC-FID) spectrum of rac-C5.11 and C5.11
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Figure 3.3.33 'H NMR (600 MHz, DMSO-d6) of rac-Frag C
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Figure 3.3.34 1*C NMR (600 MHz, DMSO-d6) of rac-Frag C
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Figure 3.3.35 °F 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 (Brz2, NBS,
HBr/H>0.), 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-PrMgClI-LiCIl, TMP-MgCI-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-BuL.i.>®
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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 amine>®-% or a Mukaiyama aldol reaction®"* 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.®

Organocatalytic Aldol reaction

CF3CHO or o
OH
CF3CHOH(OEY)
Oxidation
l.....‘?!‘.".".".“.".??!’.’??ﬁ"...» (o1 e
& or other 2° H'\/"'H v
o : u CO,H chiral amine C3.2a ° o " rCOZEt y E F FCOZH
prochiral ketone . i. H. N‘N\/cozEt H, N, y N
i L-proline - 2! P T . 1 N
------------ seneseed CF3 cevecccccecccccc I N [EEES B
desymmetrization : HY \7 'H ii. aromatization H H CF
. = H 3
H i CF
: H oTMS c3.3 3
i : - Cc3.4 Frag C
bicyclo[3.1.0]- : 1 Ph E_/\Ph Lewis acids
hexan-3-one ¢ L S - -COCF; Sources |
c3.1 2. TBS-CI TN VAL IR
C3.2b

Mukaiyama Aldol from chiral enol silyl ether

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-C3.3in ~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 gNMR)
from the reaction of C3.1, n-BuLi and TBSCI 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)s, the reaction
of TFAA with C3.2b afforded C3.3b in 24% yield and the subsequent Knorr cyclization produced
C3.4in 41% isolated yield. Regrettably, compound C3.4 displayed almost racemic (ee <2 %). At

the end, this route was abandoned.

0 Ph/L”/ OTBS oo B on H ~COaE
@ 1) n-BuLi (2 eq) 2eq @ TFAA (1.4 eq) L HNT N HEt ,. i N‘N
- > Sc(OTh, (1.4 o0y CF;, — 3 "
3) TBS-CI (2 eq) /. 3 - T
H* ‘H DCM (10 V) HY\/ “H ii. HCl 4M f
THF (40V), rt.,, 24h 0 CF,
C3.1 C3.2b 24h, at 0°Ctort C3.3b caa
1eq 3% 0.5 24% 90.3 mg 4% 484 mg

0.876g

Scheme 4.2.3 Mukaiyama approach to C3.4

102


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

\|/

medicines
for all

www.medicines4all.vcu.edu

4.3 Standard operating procedure (SOP) for HF-pyridine chemistry

Safety and Risk
Managermant

“ forall

Institut

Standard Operating Procedure

Synthesis of Fluorinated Compounds using Hydrogen
Fluoride Pyridine Complex
Print a copy and insert into your

Laboratory Safety Manual and Chemical Hygiene Plan.
Refer to instructions for assistance.

e

I_De rtmient: ;
pa ] WCU Medicines for All Institutes
Date SOP was written: lune 18, 2024
Date SOF was approved by Plilab
supervisor: |
inci -+ _,.-r'-.i1
Principal Investigator: [Frank Gupton \r‘:,{,@,jf,’ A jjf‘,?-;rj
Internal Lab Safety Coordinator/Lab - g p /-Je/ zoze/
Manager: {Maria Kubick !
Lab Phone: n/a |
Office Phone: hta
Emergency Contact: :'Maria Kubick 804-337-9918
(Name and Phoane Numbar)
Location(s) covered by this SOP: Biotech 8 Room 301, 302, 303, 304,305
_ (Buillding/Room Number]
Type of SOP: E Process iEfHazarduus Chemical
Purpose

The purpase of this document is to detail the steps for setup and usage of a Hydrogen Fluoride Pyridine
{HF-Py) complex in laboratories. All users are to read the SOP, SDS, safe work practices, splll control
methods, and emergency procedures before starting any work with Hydrofluoric Acid. It is recommended
to print a copy of this document and SDS for quick access during any work.

All work shall be performed inside a functioning chemical fume hood, especially during manipulation
invalving even small quantities of diluted HF solutions, Devices such as single-gas detectors or detection
tubes should be deployed in the immediate working area to promote worker awareness with changing
conditions. Store the acid deep inside the fume hood and as far away as possible from the user, without
obstructing fume hood air flow, Wash your hands theroughly with soap and water after handling HF.

[Click here to enter chemical name or class) 1 Date: Click hers 1o enter a date)
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Physical & Chemical Properties/Definition of Chemical Group
CASH# 62778-11-4

Class: Acule loxicity, Oral (Category 2), H300 Acute toxicity, Inhalation (Calegory 2), H330 Acute toxicity,
Dermal (Category 1), H310 Skin corrosion (Category 1A), H314 Aldrich - 184225 The Iife science
business of Merck KGaA, Darmstadt, Germany operates as MilliporeSigma In the US and Canada Page 1
of 15 Serious eye damage (Category 1), H318 Short-term (acute) aqualic hazard (Category 3), H402

Molecular Formula: CsHsFM

Form (physical state): [Fuming liquid |
Color: [clear, colorless :

Boiling point] 50°C/ 122°F

Potential Hazards/Toxicity

» Hydrofluoric acid pyridine complex is highly toxic if Inhaled. It can cause severe respiratory tract
irritation, lung damage, and potentially fatal pulmonary edema.

= |tis also highly toxic if ingested. It can cause severs internal burns and systemic toxicity. Do NOT
induce vomiting.

+ It can cause severe burns that may not be immediately painful but peneirate deeply into tissues,
leading to significant damage and systemic toxicity.

+ Highly corrosive to most matt;rials, including metals and glass.

+  Mixing with water or other reactive substances can result in exothermic reactions, releasing toxic
and corrosive fumes.

* |t can release fluoride ions, which bind with calcium in the body, causing hypocalcemia and
potentially severe cardiac and muscular issues.

Personal Protective Equipment {PPE)
Respirator Protection

n/

Hand Protection
Meoprene long gloves or Nitrile rubber gloves are ideal for working with hydrofluoric acid pyridine complex,

but the thickness may reduce agility. Make sure to test your dexterity before handling this chemical. Always
use a Nitrile exam glove underneath to increase your protection. |

(Click here to enter chemical name or class) 2 Date: Click hera 1o enter a date!
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Eye Protection !
When handling HF, the proper eye protection is ANSI-approved safety goggles and a face shield.

Skin and Body Protection
* Long sleeves: Wear a long-sleeved shirt or chemical resistant sleeves.

* Lab Coat: Wear a lab coat made of flame-resistant and chemical-resistant material. Ensure the
lab coat has a snug fit at the wrists.
Apron: Use a neoprene or PVC apron for additional protection against spills and splashes.
Long Pants: Wear long pants without cuffs to prevent chemicals from lodging near the skin.
Closed-Toe Shoes: Use chemical-resistant footwear, such as rubber or neoprene boots or shoes
with non-slip soles.

Figure 1 - Donning of hand, eye, skin, and body FPE

Hygiene Measures
Avold skin, eye, and clothing contact. Wash hands before breaks and immediately after handling the

chemical.
Click here to enter chemical name or class. 3 Date: Click here o enter a date)
SRM- EHSS vinign ByReviewed Dy
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Alarm LED o
— o mount
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Battery
ScrellfToggle e
M:M-Slem m’?
Engineering Controls

Engineering controls for hydrogen fluoride pyridine (HF-Py) are strategies that reduce the risk of exposure
to the chemical by removing it from the air or creating a bamier between the worker and the hazard. Work
with this chemical in a certified ducted fume hood. Facilities storing or utilizing this material should be
equipped with an eyewash facility and a safety shower

First Aid Procedures

If inhaled
Move inhalation exposure victims to fresh air. Call or have a co-worker call for medical assistance. (Dial

911) Await emergency medical responders, informing them and all others that the exposure involved
Hydrogen Fluoride/Hydrofluoric Acid

In case of skin contact
iRemove all clothing while in the shower. Immediately flush the affected body area with cold water for a

minimum of 5 minutes. Gently apply 2.5% Calcium Gluconate ointment to the affected area while wearing
gloves. Call or have a co-worker call for medical assistance. (Dial 911 or (804) 828-3834 for emergency
chemical aocidents.) Continue to apply the ointment until emergency medical responders arrive.

If calcium gluconate is not immediately available, continue rinsing the affected area with copious amounts
of water until emergency medical responders arnive. Inform responders and all others that the exposure
involved Hydrogen Fluoride/Hydrofluoric Acid

In case of eye contact

IClick here to enter chemical name or class) 4 Date: [Click here 1o enter & date
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Flush eyes with cold, clean water for at least 15 minutes. Call or have a co-worker call for medical
assistance. (Dial 911) Await emergency medical responders, inferming them and all others that the

exposure involved Hydrogen Fluoride/Hydrofluoric Acid |

i swallowed
[Call or have a co-worker call for medical assistance (Dial 911 Immediately). Drink large amounts of water,

Do not induce vomiting. If the injured person Is unconscious, urn histher head or entire body onto the left
side. Evacusate the area and move the victim to fresh air.

Special Handling and Storage Requirements

Precautions for safe handling: Avoid contact with skin and eyes. Avoid inhalation and ingestion. Ensure
normal measures for preventive fire protection,

Conditions for safe storage: Store in secondary containment with corrosive and acute toxin label on the
primary container, secondary containment and the storage location. Keep containers tightly closed ina
dry, cool, and well-ventilated place. Protect from moisture. Recommended slorage temperature is -20 "C.
Avoid strong oxidizing agents, strong bases, strong acids, alkali metals, and metals |

Spill and Accident Procedure
Chemical Spill Dial 828-1234 and 828-1392

Spill — Assess the extent of danger. Help contaminated or injured persons, Evacuate the spill area,
Avoid breathing vapors. If possible, confine the spill to a small area using & spill kit or absorbent material.
Keep others from enlering contaminated area (e.g., use caution tape, barriers, etc.).

Small (<1 L) — If you have training, you may assist in the clean-up effort. Use e
appropriate personal protective equipment and Hydrofluoric acid neutralizing spill

kit (PIGE Hydrofluoric Acid Neutralizing Spill Kit in Bucket). The bellow spill kit . ! i E'J

will not contain silica-based materials such as sand or kitty litter. Along with the . !!_‘
spill kit, Sodium Bicarbonate must be used for spill cleanup. Double bag spill

waste in chear plastic bags, label and take to the next chemical wasie pick-up.

Large (>1 L) — Dial 828-1234 and EH&S at 828-1392 for assistance.

Chemical Spill on Body or Clothes — Remove clothing and rinse body thoroughly in emergency shower
for at least 15 minutes. Seek medical attention. Notify supervisor and EH&S at 828-1382 immediately.

Chemical Splash Into Eyes - Immediately rinse eyeball and inner surface of eyelld with water from the
emergency eyewash station for 15 minutes by forcibly holding the eve open. Seek medical attention.
Notify supervisor and EH&S at 828-1392 immediately.

Medical Emergency Dial 828-1234

Click hare to enter chemical nama or class) B Date: Click here to enter a date)
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Life Threatening Emergency, After Hours, Weekends And Holidays — Dial 828-1234 or contact the
VCU Medical Center (emergency room) directly at (B04)828-9000 (located at 1250 Marshall St). Nota: Al
serious infurfes must be reported fo EH&S at 828-1392 within 8 hours.

Non-Life Threatening Emergency — Go to the Employee Health Facility, West Hospilal (Room 120)
(1200 East Broad Street) Hours: M - W, 8:00 a.m. to 4:00 p.m, T, 8:00 a.m. to 12:30 p.m., F, 8:00 a.m. to
4,00 p.m. At all other times report to VCU Medical Center (emergency room) at B28-8000. Note: AN
serious injurfes must be reported fo EHA&S at §28-1392 within § hours.

Meedle stick/puncture exposure (as applicable to chemical handling procedure) — Wash the affected

area with antiseplic soap and warm water for 15 minutes. For mucous membrane exposure, flush the
affected area for 15 minuies using an eyewash station. Go to the Employee Health Facility, West Hospital
(Room 120) (1200 East Broad Street) Hours: M - W, 8:00 a.m. to 4:00 p.m, T, 8:00 a.m. to 12:30 p.m., F,
8:00 a.m. to 4,00 p.m. At all other times report to VCU Medical Center (emergency room) al 828-9000.
Note: All serious injuries must be reported to EHES af 828-1392 within & hours.

Decontamination/Waste Disposal Procedure

Liguid: All reaclion solutions, products, and waste containing HF-Py will undergo a neutralization step with
a saturated aqueous NaHCO3 solution. The solutions will be added to polymer-based waste containers
and labsled to denote specific waste stream (organic, agueous).

Sharps: All needles will be disposed of in labeled non-bichazardous sharps containers.
Salid: All solid wasle will be disposed of in labeled, bin-lined, polymer-based, containers
General hazardous waste disposal guidelings:

Label Waste
* Affix a hazardous waslﬂ label on all waste containers usmg the Onlme label available on VCU's

SRM wabsite g s ement/ as soon as the first
drop of wasle is added to the mntamnr
Store Waste
+ Slore hazardous waste in closed containers, in secondary containment and in a designated
location
= Waste must be under the control of the person generating & disposing of it
Dispose of Waste

+ Dispose of regularly generated chemical waste within 90 days
+ Call EH&S at 828-1392 for questions or review Hazardous Waster Pick-up
Procedure:https:/isrm.veu.edu/media’safety -amp-risk-
management/assets/Haz%20Chem%20Waste %20Pick%20Up %20Procedures, %20Aug %202017
pdf
+« Empty Containers
o Dispose as hazardous waste if it once held extremely hazardous waste (irespective of
the container size)
o schedule waste pick-up httos:/redcap veu.edu/surveys/?7s=CNFTFWH4LE
s Check waste label
= Write date of pick-up request on the waste label
= Llse secondary containment

Cliek hare to enter chamical name or cass)| & Date: (Click here to enter & data]
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Safety Data Sheet (SDS) Location

Online SDS can be accessed at  hitps://'www.sigmaaldrich.com/US/en/product/aldrich/184225

Materials and Equipment

= Labcoat

« Safety Goggles

* Face Shield

+ Nitrile gloves

+ Neoprene Gloves

* Polyethylene sleeve

+ Chemical Resistant shoes

+ Hydrofluoric Acid Neutralizing Spill Kit in Bucket

« Calgonate Calcium GLUCONATE SAFETY KIT

* Single Gas Detection Unit {Driger X-AM 5100 HF/HCI)
Terminology and References:

+  Hydrofluoric Acid {HF) Emergency Exposure Response

(hitps:/inewpig scene? com/lis/contentMewPig/pdfs/INST PLS3000 PLS4000.pdf)

+ Calgonate® Emergency First Aid Kit (https://cdn.newnig.comipds/PLS4000 PDS pdf)
= CAL OSHA Protecting Workers Exposed to Hydrogen Fluoride (HF)
(https:/www.dir,ca.qovidosh/dosh publications/Hydrogen-Flouride-fs pdf)

Protocol/Procedure (Add lab specific Protocol/Procedure here)

Read the SOP, SDS, safe work practices, =pill control methods, and emergency procedures before
starting any work with Hydrofluoric Acid. Also, it s recommended to print a copy of this document and any
relevant SDS. Always work inside a funclioning chemical fume hood. Keep the scid deep inside the fume
hood and as far away as possible from the uzer,

1. The uze of an inert environment is central to any work. A house supply of remole extermal supply
of Nitrogen or other gas should be verified for adequate capacity and visbility prior to baginning
work.

2. Any reaction vessels shall be composed of polymer-based materials, specifically
Folytetrafluoroathylens (PTFE) to contain hazardous chemicals used

Click here to enter chemical name or class) 7 Date: Click here to enter a data)
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3. Any agitation of solutions may be facilitated through overhead or magnetic stirring. Verify all

vessels are adequately sealed and any secondary ports are capped when not in use,
4. Reaction monitoring
a. Temperature monitoring should be constant through the use of thermocouples

chemically compatible and chemically resistant coztings. A monitoring device such as 2
J-KEM monitor should be mounted in the primary working area to allow for ease of

observation.

b, Solution pH may be monitored in process using electronic pH meter or sampling solution

with pH strips. Verify any meters are functioning and calibrated

5. Heating or cocling apparatus shall be easily accessible and movable as dictated by a procedure

or o manage any hazards or spills.

6. Transfer of reaction materials may be accomplished through the use of a needle with PTFE

institute

with

tubing with & manual plunger, syringe pump, or peristaltic pump, Any device should be secured
during use and monitored.

Single gas delection devices (e.g. Drager X-AM 5100 detector) should be used in the immediate
working area. The minimum acceptable usage is direct attachment of & device to the worker. If

extra units are available, they should be placed in close proximity to the reaction vessels and

supporting setup.

Work-up: The mixture was quenched with salurated agueous NaHCO3 (200 mL ) solution The
suspension was fillered. The mixture was extracted with solvent (50 mL x 3)

Neutralization of HF before sending samples for analysis:

Before submitting the analysis, quench the reaction mixture with saturated aqueous NaHCO3

solution, then extract the mixture with DCM.

[Click here to enter chemical name or class! 8 Date:{Click hera to anter & date |
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4.4 X-ray crystal structure and data
4.4.1 X-ray crystal structure of C5.9

ciz

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 C12H11F3N203
Dcalc./ g cm?3 1.509
4/mm-1 1.210
Formula Weight 288.23
Colour clear light colourless
Shape needle
Size/mm?3 0.75x0.10x0.06
T/K 100.00(10)
Crystal System monoclinic
Flack Parameter 0.08(8)

Hooft Parameter 0.10(3)

Space Group Cc2

a/A 22.0454(3)
b/A 5.07540(10)
c/A 11.33730(10)
af’ 90

Bl 90.5160(10)
74 90

V/A3 1268.47(3)

Z 4

Z' 1
Wavelength/A 1.54184
Radiation type CuKe

Onin/* 3.899

Onax/* 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

WR> (all data) 0.0851

WR2 0.0850

R; (all data) 0.0331

Ri 0.0330
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Table 4.4.1: Fractional Atomic Coordinates (x10%) and Equivalent Isotropic Displacement Parameters
(A2x103) for SNY150-X14a_mC39_offline_auto. Ue, is defined as 1/3 of the trace of the orthogonalised Uj;.

Atom X y y/ Ueq
F3 5132.8(7) 715(4) 2534.5(15) 38.5(4)
03 7531.0(7) 8670(3) 4179.6(14) 25.3(4)
02 8232.5(7) 4414(4) 1325.3(14) 28.9(4)
01 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)
Cé6 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 (x104) SNY150-X14a_mC39_offline_auto. The
anisotropic displacement factor exponent takes the form: -222[h?2a*? x U1+ ... +2hka* x b* x Uzz]

Atom Ui1 U2z Uss Uzs Uiz Uiz
F3 31.1(8) 35.5(11) 49.0(9) -4.0(8) -2.7(7) -8.0(7)
03 25.7(8) 18.5(10) 31.8(8) 3.2(7) 2.6(6) -2.7(7)
02 24.8(8) 34.9(12) 27.1(8) 10.0(8) 4.8(6) 1.5(8)
01 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)
Cé6 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)
Cc7 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 U1 Uss Uzs Uiz Uiz
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) 14.4(12) 14.4(18)
Table 4.4.3: Bond Lengths in A for SNY150-X14a_mC39 offline_auto.

Atom Atom Length/A

F3 C8 1.339(4)

03 Cc4 1.218(3)

02 C10 1.331(3)

02 C11 1.458(3)

01 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 Cc4 1.472(3)

C5 ceé 1.370(3)

C4 C3 1.508(3)

Cé6 C2 1.490(3)

Cé6 c7 1.406(4)

C10 Cc9 1.517(3)

C8 c7 1.478(3)

C2 Cc1 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 02 C11 117.3(2)
N1 N2 C5 110.79(19)
N1 N2 Cc9 121.1(2)
C5 N2 Cc9 128.0(2)
N2 N1 c7 105.49(19)
N2 C5 c4 138.7(2)
N2 C5 (03) 108.7(2)
Cé6 C5 c4 112.6(2)
03 C4 C5 128.4(2)
03 C4 C3 127.5(2)
C5 C4 C3 104.08(19)
C5 Cé6 C2 110.5(2)
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Atom Atom Atom Angle/*
C5 Cé6 c7 103.9(2)
Cc7 Cé6 C2 145.4(2)
02 C10 Cc9 107.4(2)
01 C10 02 126.5(2)
01 C10 Cc9 126.0(2)
N2 Cc9 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)
Cé6 C2 Cc1 114.0(2)
Cé6 C2 C3 104.08(19)
C1 C2 C3 60.55(16)
C2 C1 C3 60.40(16)
N1 c7 Ccé 111.1(2)
N1 Cc7 C8 119.7(2)
Cé6 Cc7 C8 129.1(2)
C4 C3 C2 108.5(2)
C4 C3 Cc1 116.6(2)
C2 C3 Cc1 59.05(16)
02 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 ceé -150.7(3)
03 C4 C3 C2 174.3(2)
03 C4 C3 C1 -121.7(3)
02 C10 Cc9 N2 171.85(19)
01 C10 Cc9 N2 -8.5(3)
F1 C8 c7 N1 150.8(3)
F1 C8 c7 (03) -33.1(4)
F2 C8 c7 N1 -87.6(3)
F2 C8 c7 (03) 88.5(3)
N2 N1 c7 (03) 1.0(3)
N2 N1 c7 C8 177.7(2)
N2 C5 C4 03 7.4(5)
N2 C5 C4 C3 -175.4(3)
N2 C5 cé C2 175.48(19)
N2 C5 cé c7 -0.5(3)
N1 N2 C5 Cc4 -178.8(3)
N1 N2 C5 ceé 1.2(3)
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Atom Atom Atom Atom Angle/*
N1 N2 Co C10 110.6(3)
C5 N2 N1 C7 -1.3(3)
C5 N2 Co C10 -71.9(3)
C5 C4 C3 C2 -3.0(3)
C5 C4 C3 C1 61.0(3)
C5 Cé6 c2 C1 -61.4(3)
C5 Cé6 c2 C3 2.3(3)
C5 Cé6 C7 N1 -0.3(3)
C5 Cé6 C7 C8 -176.7(3)
C4 C5 Cé6 C2 -4.5(3)
C4 C5 Cé6 C7 179.5(2)
ceé C5 C4 03 -172.6(2)
ceé C5 C4 C3 4.6(3)
C6 Cc2 C1 C3 93.1(2)
C6 Cc2 C3 C4 0.6(3)
C6 Cc2 C3 C1 -109.9(2)
C10 02 C11 C12 -161.2(3)
C9 N2 N1 C7 176.6(2)
C9 N2 C5 C4 3.5(5)
C9 N2 C5 Cé6 -176.5(2)
C2 C6 C7 N1 -173.7(3)
C2 C6 Cc7 C8 9.9(6)
C2 C1 C3 C4 -96.5(2)
C1 c2 C3 C4 110.5(2)
C7 C6 Cc2 C1 111.8(4)
C7 C6 Cc2 C3 175.5(3)
C11 02 C10 01 -3.0(4)
C11 02 C10 C9 176.7(2)

Table 4.4.6: Hydrogen Fractional Atomic Coordinates (x104) and Equivalent Isotropic Displacement
Parameters (A2x103) for SNY150-X14a_mC39_offline_auto. Ue, is defined as 1/3 of the trace of the
orthogonalised Uj.

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 46114 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 (x10%) and Equivalent Isotropic Displacement
Parameters (A2x10%) for C5.11. Ueq is defined as 1/3 of the trace of the orthogonalised Ui;.
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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)
04 3642(4) -727(3) 7914(3) 32.8(7)
F1 8695(5) 5621(3) 9441(3) 61.5(11)
03 4661(5) 1493(3) 6806(3) 39.0(8)
01 10356(5) 8683(3) 3358(4) 37.8(8)
02 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)
Cc2 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)
Cle 626(6) 3636(4) 5252(4) 28.3(9)
Cc21 2521(6) 248(4) 5804(5) 29.9(9)
Cl4 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)
Cc23 4695(7) -630(5) 9066(5) 36.8(11)
Cl1 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 (x10%) C5.11. The anisotropic displacement
factor exponent takes the form: -2p?[h%a*? x U1+ ... +2hka* x b* x Us]

Atom Ui U2 Uss Uzs Uiz U1
F10 444(18) 424(14) 258(11) 54(10) -36(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) 483(15) 30.6(12) -2.1(10) -10.6(13)  -0.4(14)
F4 38.4(18) 36.6(13) 51.9(16) -22(11) -17.7(14)  10(12)
04 39(2) 27.9(14) 30.1(14) 80(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)
03 46(2) 34.0(15) 36.3(16) 6.6(12) -9.1(15) -15.1(14)
01 35(2) 31.0(15) 42.6(17) 11.1(12) -2.7(14)  3.1(13)
02 44(2) 30.6(14) 28.2(14) 10.4(11) 04(13)  6.3(13)
F2 91(3) 772) 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)  55(13) -3.0(14)  -11(14)
N2 25(2) 28.8(16) 26.6(16) 7.9(13) -43(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) 3L7(17) 40(13) -6.4(15)  -6.7(15)
C10 34(3) 242(18) 282(19) 6.3(14) -7.9(17)  -5.0(17)
c8 29(3) 40(2) 29(2) 48(16) -7.4(18)  -7.0(18)
C17 23(2) 252(18) 28.1(18)  6.6(14) -47(15)  -4.5(15)
C19 30(3) 35(2) 239(18)  2.1(15) -84(17)  -5.2(17)
C6 21(2) 28.4(18) 259(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) 53(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) 222(17) 30.4(19)  19(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) 243(18) 27.2(18) 42(14) -03(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)
Cl4 37(3) 27.2(19) 25.3(18)  6.4(15) -44(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) 05(16) -65(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) 4317)  -9(2) 6(2)
C23 37(3) 45(2) 27(2) 6.5(17) -6.3(19) -2(2)
Cc11 48(3) 36(2) 25.6(19) 3.8(16) 05(19)  -3(2)
C20 43(3) 51(3) 26(2) -0.9(18) -1(2) -5(2)
C24 59(4) 48(3) 31(2) 112)  -10(2) 0(2)
C12 89(6) 52(3) 40(3) 18(2) 23(3) 20(3)
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Atom Un Uz2 Uss Uazs Uis U2
F8 O1(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 A for C5.11.
Atom  Atom  Length/ Atom  Atom  Length/
A A
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) cl19  C18 1.402(7)
F4 c4 1.381(5) Cl9  C20 1.487(7)
04 C22 1.337(5) C6 c7 1.395(6)
o4 C23 1.460(5) C6 C5 1.379(5)
F1 Cc8 1.335(5) C6 c2 1.495(5)
03 C22 1.199(5) C18 C14 1.490(6)
01 C10 1.205(6) C5 c4 1.497(6)
02 C10 1.334(5) C2 C3 1.527(6)
02 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) Cl6 C15  1515(5)
N4 C17 1.350(5) Cl4  C15 1.522(6)
N4 c21 1.461(5) Cl4  C13 1.507(7)
N2 N1 1.345(5) Cl5  C13 1.492(6)
N2 C5 1.345(5) C3 Cc1 1.495(7)
N2 c9 1.459(5) C23  C24 1.519(6)
N3 Cl9  1.348(5) Cll  C12  1.498(6)
N1 c7 1.339(5) C20 F8 1.218(6)
Cl0  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 04 C23  114.9(3) C6 C2 Cl  1138(4)
Cl0 02 Cll  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) 04 C22 C21 109.5(3)
C7 N1 N2 104.8(3) 03 C22 04 125.2(4)
01 C10 02 124.1(4) 03 C22 C21 125.2(4)
01 C10 C9 125.7(4) F10 Cl6 F9 103.7(3)
02 C10 C9 110.2(4) F10 C16 C17 112.9(4)
F1 C8 C7 110.3(3) F10 Cl6 C15 111.0(3)
F2 C8 F1 106.1(4) F9 C16 C17 112.6(3)
F2 C8 C7 113.1(4) F9 Cl6 C15 113.3(4)
F3 C8 F1 107.1(4) C17 Cl6 C15 103.7(3)
F3 C8 F2 106.0(4) N4 Cc21 C22 109.5(3)
F3 C8 C7 113.6(4) C18 Cl4 Ci15 104.2(3)
N4 C17 C18 108.2(4) C18 Cl4 C13 113.6(4)
N4 C17 C16 139.5(4) C13 Cl4 C15 59.0(3)
C18 C17 Cl6 112.3(3) N2 C9 C10 110.9(4)
N3 C19 C18 111.3(4) Cl6 C15 Cl4 108.8(4)
N3 C19 C20 120.4(4) C13 Ci15 Cl6 117.2(4)
C18 C19 C20 128.2(4) C13 C15 Cl4 60.0(3)
Cc7 C6 Cc2 146.1(4) C4 C3 Cc2 109.3(3)
C5 C6 C7 103.2(3) C1 C3 C2 59.3(3)
C5 C6 Cc2 110.6(3) C1 C3 C4 116.6(4)
C17 C18 C19 104.0(4) C3 C1 C2 61.4(3)
C17 C18 Cl4 111.0(4) Ci15 C13 Cl4 61.0(3)
C19 C18 Cl4 145.0(4) 04 C23 C24 107.1(4)
N1 Cc7 C8 118.8(4) 02 Cl1 C12 107.7(4)
N1 C7 C6 112.3(4) F8 C20 C19 113.5(5)
C6 Cc7 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 Cc2 C3 104.1(3) F7 C20 C19 112.0(4)
Table 4.4.11 Torsion Angles in * for C5.11.
Ato

Atom Atom Atom Atom Angle/

Atom Atom Atom Angle/
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F10

F10
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F1
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F2
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F3
F3
N4
N4
N4
N4

N4
N4
N4

N2
N2
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C16

C16
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C16
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C4
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_175.0(4)
_179.7(4)
-0.1(7)
7.3(6)
-0.1(6)
179.8(3)
61.6(6)
-118.8(5)
-59.4(6)
120.3(6)
1.1(4)
178.7(4)

-1.7(4)
176.3(3)

65.5(7)
-51.5(7)
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P 11740
F4  125.4(4)
Cc3  3.0(0)
C4  05(5)
€l 109.604)
Cc3  927(4)
FI0 117.40)
F9  125.6(4)
C15  2.7(4)
F8  -37.1(9)
F6  89.7(6)
FT 160,005
C16  1.9(5)
C13 109314
C15  92.8(4)
N2 -1.5(5)
C4  179.2(4)
c3  177.7(7)
Cl  115.4(7)
c7  -1.3(5)
C10  -91.7(5)
N1 0.7(5)
C8  178.9(5)
C3  1.4(5
Cl  -60.9(5)
c2  -2.0(5)
Cl  62.6(5)
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N2 C5 C4 F5  63.7(7)
N2 C5 C4 F4  -53.6(7)
N2 C5 C4  C3 7594
N3 N4 Cl7 C18 26(5)
N3 N4 Cl7 Cl16 179.7(5)
N3 N4e C21 C22 77.6(5
N3 Cl9 Cl18 Cl17 04(5)
N3 Cl9 Cl8 Cl4 .0,
N3 Cl9 C20 F8  145.7(8)
N3 Cl9 C20 F6  -87.4(6)
N3 Cl9 C20 F7  228(6)
N1 N2 C5 C6  18(5)
N1 N2 €5 CA 7906
N1 N2 C9 C10 80.1(5)
Cl0 02 Cl1 C12 174.7(5)
Cl7 N4 N3 C19 -22(4)
Cl7 N4 C21 C22 -88.8(5
Cl7 C18 Cl4 C15 -0.1(5)
Cl7 Cl8 Cl4 C13 -62.2(5
Cl7 Cl6 CI5 Cl4 -2.7(4)
Cl7 Cl6 CI5 C13 625(5)
Cl9 Cl8 Cl4 C15 176.6(6)
Cl9 C18 Cl4 C13 1145(7)

C2
C2
C2

C2
C4
C22

Cl6

Cl6
Cl6
C21

C21
C21

C9

C9
C9
C1
C13
C23

C23
Cl1
Cl1

C20
C20

C6
C6
C6

Cé
C3
04

C17

C17
C15
N4

N4
N4

N2

N2
N2
C2
Cl4
04

04
02
02

C19
C19

C7
C7
C5

C5
Cl
C23

C18

C18
C13
N3

C17
C17

N1

C5
C5
C3
C15
C22

C22
C10
C10

C18
C18
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NI 1757(6)
c8  47(11)
N2 176.4(4)
ca -290)
C2 -97.7(4)
C24  179.3(4)
1 179703
Cl4  -17(5)
Cl4  -97.0(4)
C19  1707(3)
C18  169.8(4)
C16  -13.0(8)
C7T 17440
C6  174.2(4)
C4  -68(9)
C4  110.1(4)
C16  111.2(4)
03 16(7)
2L 176100
o1  25(6)
O 17740
CIT 177.009
Cl4  6.2(09)

Table 4.4.12 Hydrogen Fractional Atomic Coordinates (x10%) and Equivalent Isotropic
Displacement Parameters (A?x10%) for C5.11. Ueq is defined as 1/3 of the trace of the

orthogonalised Uj;.

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 Yy z Ueq
H14 2663.18 6091.2 2729.1 37
HOA 7839.13 10814.12 4715.05 38
HIB 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
45.1 LenC-1(GC-MS)

Structures & IDs:
Epoxide formation

OH 0
CI\/Q(I) — A~ — A"///\/
C5.2a C5.3a
C5.1a Exact Mass: 134.05 Exact Mass: 98.07

Exact Mass: 92.00

Cyclization/Oxidation

~0 —
OH 0 O 0 o
I o Py &

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

C5.3
. . Exact Mass: 158.09 .
Exact Mass: 98.07 Exact Mass: 98.07 Exact Mass: 96.06 Exact Mass: 156.08

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 um, 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 °C Injection volume: 1 puL
Total Flow: 74.11 mL/min Solvent Delay: 3.5 min Runtime: 15 min
Temperature Program: MS Parameters:
Time Ram o Hold Transfer Line Temp ('C 250
(min) (°C/mi?l) Temp (°C) (min) Source Temp ('C) : 230
Initial - 50 3 Quad Temp (‘C) 150
- 25 225 o 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)
Ch.1a 62, 57 6.35
C5.3 97, 67 7.28
Ch4 97 8.37
C5.5 96 8.86
Ch.2 116, 81 9.16
Ch5.7 128, 125 10.60
C5.6 141,117, 88 10.72
Representative Chromatograms
Ch.1a-C5.3
¥10 2 +EI TIC Scan LenCMo_ 2023111150
of s |2
06 i 8 i
as E
% :
0z 4
01
’ 4 45 &5 55 6 65 1 15 écmnlg%omnm?sﬁmﬂ:gmmﬂlb 1 115 12 125 13 135 14 145
C5.4 and C5.5
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+EITIC Scan C54 +C5,556d

251 837

22 Cs4 80
2.1 C55

0.1
0 T T T T T T T T T T T

4 45 5 55 6 6.5 7 75

& 85 9 95 10 105
Counts vs. Acquisition Time (min)

C5.6 and C5.7

+EITIC Scan C5,6.d

x107
1 1072 1
184

1.6
144
1.2
‘I_
0.8+
0.6+
044 11.08
024
0
X106 +EITIC Scan C5,7.d
25 1057 1
2251
2,
1751
157
1.251
‘I,
0751
051

0.25
. 3.98 - 8.89 1011 . 1228 1366

05 1 115 12 125 13 135 14 145

9.21 11.39

5 85 9 95 10 1
Counts vs. Acquisition Time (min)

Mass spectra:
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C5.1a

%10 6 +El Scan (rt: 6.346 min) LenCMix_202311115.D
6 N
™~
4 To)
-~ <9 o
= %8
0 | L ‘\ “\‘m : : ‘ ‘ ‘ |
406080 100 120 14, 180, 130 78%n250

C5.2

0-Charge

40, 260 280 300 320 340
m/z)

x106

+EIl Scan (rt: 9.202 min) LenCMix_202311115.D

67.1

71050
= [-116.0

C5.3

20 1éOUI’]IS VS. mass%

00,220

40 260 280 300 320 340

0-Charge (m/z)

X106

1

31

+El Scan (rt: 10.69-10.76 min, 8 scans) C5,6 D

0
®

1011

1271

59.0

B
h\ i \“

C5.4

40 60 80 100 120 160 180 200

220

240 260 280 300
Counts vs. Mass-to-Charge (m/z)

320

340 360 380 400 420 440 460 480 500

x10 4
14

12

1
08
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02

0

+El Scan (rt: 8.34-8.40 min, 7 scans) C 54 Std A_01.d

J

5]

160 180 200

220

240 260 280 300
Counts vs. Mass-to-Charge (m/z)
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C5.5
<10 6 +EI Scan (rt: 8.880 min) LenCMix_202311115.D
61 o
o & -
1 o 8 S
2 3 o
40 60 80 100 120 1égunlggs.maoss-%890h%?8e nflt/(z)) 260 280 300 320 340
C5.6
X106 +El Scan (it: 10.69-10.76 min, 8 scans) C5,6. D
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s 1
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Counts vs. Mass-to-Charge (m/z)
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240 260 280 300
Counts vs. Mass-to-Charge (m/2)

45.2 LenC-2 (GC-MS)

Structures & IDs:

? ///< OEt é/\ S ///( OEt Ry ///< OEt F ///< OH
N, N, N N,
| N | N | N | N
CFs CFs CFs CFs
C5.9 C5.10 C5.11 Frag C
Exact Mass: 288.07 Exact Mass: 364.05 Exact Mass: 310.07 Exact Mass: 282.04

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 pum
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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 °C Injection volume: 1 puL
Total Flow: 74.11 mL/min Solvent Delay: 2.0 min Runtime: 14.0 min
Temperature Program: MS Parameters:
Time Ramp o Hold Transfer Line Temp ('C) 250
min) | ccminy | TP CO 1 iminy Source Temp ('C) 230
Initial - 50 3 Quad Temp ('C) 150
- 25 250 3 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)
Ch.11 310, 291, 237 9.24
Frag C 282, 237 9.65
C5.9 288, 242, 215 10.20
C5.10 364, 262, 231 13.27
Representative Chromatograms
C5.9

C5.10
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C 5.1 | MS1Front Scan EI (rt: 9.198-9.430 min, 17 scans) Subtract (rt: 9.198, 9.430 min) | 2024-05-23 12-48-17-04-00-05.dx
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Frag C

rrrrrrr 1t C | MS1Front Scan El (rt: 9.560-9.749 min, 14 scans) Subtract (rt: 9.560, 9.749 min) | 2024-05-23 13-06-56-04-00-06.dx
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453 LenC-3 (Chiral, GC-FID)

Structures & IDs:

M
C5.3 - (R) Enantiomer
Exact Mass: 98.07

MeO omMe

OH

C5.6

Exact Mass: 158.09

(FID)

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

Conditions:

Inlet Pressure: 16.4 psi
Column flow: 1.4 mL/min

Runtime: 16 min

Split Ratio: 50 : 1
Inlet Temp: 250°C

Temperature Program: Isothermal at 60 °C
FID Temperature: 250 °C

131

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

Split Flow: 71.3 mL/min
Injection volume: 1 pL

FID Gas Flows:

Hz = 35.0 mL/min

Air =450 mL

Makeup (N2) = 30.0 mL/min
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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

z ‘

DAG104-X57-Crude | FID1A
102

45.4 LenC-4 (Chiral, GC-MS)

Structures & IDs:

OH

<

C5.4
Exact Mass: 98.07

detector (MSD)

132

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

Total Flow: 74.11 mL/min
Temperature Program:

Split Ratio: 50: 1
Injection Temp: 250 °C

Solvent Delay: 3.5 min
MS Parameters:

Column: J&W HP-1 GC Column, 30 m, 0.32 mm, 5.00 um, 5 inch cage
Inlet Pressure: 7.87 psi
Column flow: 1.4 mL/min

Split Flow: 70 mL/min
Injection volume: 1 pL

Runtime: 15 min

. . Ram o Hold Transfer Line Temp
Time (min) (Oclmﬁ]) Temp (°C) (min) C) 250
Initial - 50 3 Source Temp (‘C) 230
25 225 5 Quad Temp ('C) 150
Electron Energy 70
(eV)
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

C5.4 (S) enantiomer

C5.4

Representative Chromatograms

x102

“_
06
061
041

0.21

+EITIC Scan C5,4 Racemix.d

04 S

(R) C 5.4 Enantiomer

35 4

6 65 7 7
Counts vs. Acquisition Time (min)

455 LenC-5 (Chiral, GC-FID)

Structures & IDs:

@)

&

C5.5

Exact Mass: 96.06
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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 pum)
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 uL
Runtime: 45 min

Temperature Program: Isothermal at 125 °C FID Gas Flows:
FID Temperature: 200 °C H, = 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

| FID1A

45.6 LenC-6 (Chiral, SFC-DAD)

Structures & IDs:

(e}
]
o S
N OEt 0
o~ | N 4 ’}‘/\(
—N O\\
o CFs
F
F F
C5.7 C5.9 c5.10
Exact Mass: 156.08 Exact Mass: 288.07 .

Exact Mass: 364.05

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

Column: ChiralPak 1G-3 4.6x250mm; 3 um
Mobile Phase A: CO;

Mobile Phase B: Methanol

Injection volume: 1 puL Column temp: 25°C Flow rate: 2.0 mL/min
BPR Pressure: 100 bar BPR Temp: 60 °C
Detector wavelength(s): 210 nm
LC Gradient Table: Sample preparation:
Time %A %B Prepare solution in methanol at approximately 5 mg/mL.
(min)
0.0 95 5
10.0 95 5
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

0.0 05 1.0 15 20
Len C_C 5.9_Racemic_IG_MeOH_5% | DAD1B Sig=210,4
3

C5.10
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Len C_C 5.10_Racemic | DAD1B Sig=210,4 Ref=360,100 | Len C_C 5.10_Racemic.dx

Response [mAU]
45.143

<16.559

0.0 05 1.0 15 20 25 30 35 40 45 50 55 6.0 65 70 75 80 85 9.0 95

UV Spectra
C5.7

Len C_C 5.7_Racemic_IG_MeOH_5% | DAD1 Scan RT=2.778 Minutes Len C_C 5.7_Racemic_IG_MeOH_5% | DAD1 Scan RT=3.005 Minutes

110

204

100

rel. Response [%]

380 394
310 320 330 340 350 360 370 380 390 400

290 300
Wavelength [nm]

Len C_C 5.9_Racemic_IG_MeOH_5% | DAD1 Scan RT=2.316 Minutes Len C_C 5.9_Racemic_IG_MeOH_5% | DAD1 Scan RT=2.549 Minutes

204

rel. Response [%]

190 200 210 220 230 240 250 260 270 280

C5.10

Len C_C 5.10_Racemic | DAD1 Scan RT=5.145 Minutes Len C_C 5.10_Rac

290 300 310 320 330 340 350 360 370 380 390 400
Wavelength [nm]

c | DAD1 Scan RT=6.559 Minutes
110

100 2

rel. Response [%]

290 300 310 320 330 340 350 360 370 380 390 400
Wavelength [nm]

457 LenC-7 (Chiral, SFC-DAD)

| Structures & IDs:
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RF
O
JN Y
—N O\\
F
FE F

Exact Mass: 310.07
C5.11

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

Conditions:

Column: ChiralPak 1G-3 4.6x250mm; 3 um
Mobile Phase A: CO2

Mobile Phase B: Acetonitrile

Injection volume: 1 puL Column temp: Flow rate: 2.0 mL/min
25°C

BPR Pressure: 100 bar BPR Temp: 60 °C

Detector wavelength(s): 240 nm

LC Gradient Table: Sample preparation:

Time (min) %A %B Prepare solution in acetonitrile at ~1.0

0.0 80 20 mg/mL
6.0 80 20

Post-run equilibration: None

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

LenC_C 5.11_Racemic | DAD1C,Sig=240,4 Ref=360,100

x10 2
v

2.0

<]2.538 *

1.5

1.0

Response [mAU]

0.5

0.0 A

0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
Retention time [min]

C5.11 Enantiopure

SNY150-X28-Pure | DAD1C,Sig=240,4 Ref=360,100 | 2024-07-24 10-07-07-04-00-01.dx
100 Y

80
£

a 60
c
o
Q
%)
[0}

o 40
°

20

0

0.5 1.0 1.5 2.0 25 3.0 35 4.0 45 5.0

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

LenC_C 5.11_Racemic | DAD1 Scan RT=2.18 Minutes

LenC_C 5.11_Racemic | DAD1 Scan RT=2.54 Minutes

100

80

60

234

40

rel. Response [%)]

20

286 302

314 324 332 346 354 362

200 220 240 260 280 300

Wavelength [nm]

320 340 360

45.8 LenC-8 (Chiral, SFC-DAD)

Structures & IDs:

JNTY

F
F F
Frag C
Exact Mass: 282.04

detector (DAD)

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

Conditions:
Column: ChiralPak IC-3 4.6x250mm; 3 um

Mobile Phase A: CO>

Mobile Phase B: Isopropanol (0.05% DEA)

Injection volume: 1 uL Column temp: 25°C
BPR Pressure: 100 bar BPR Temp: 60 °C
Detector wavelength(s): 240 nm
LC Gradient Table:

Sample preparation:

Time (min) | %A %B
0.0 80 20 mg/mL
12.0 80 20

139

Flow rate: 2.35 mL/min

Prepare solution in methanol at approximately 10
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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

o |__Len C_Frag C_Racemic ._IC_0.05% DEAin IPA_20% | DAD1C,Sig=240,4 Ref=360,100 | 2024-07-17 12-49-36-04-00-10.dx

100 M

4.6 Acronyms

AIDS acquired immunodeficiency syndrome
ART antiretroviral therapy

ATR attenuated total reflection

ARVSs antiretroviral medications

A% area percent

Ac20 acetic anhydride

AcOH acetic acid

A angstrom

BMGF Bill and Melinda Gates Foundation
BF3-OEt; boron trifluoride diethyl etherate
BAST bis(2-methoxyethyl)aminosulfur trifluoride (Deoxo-Fluor®)
CF3CO:Et ethyl trifluoroacetate

DCM dichloromethane

DMSO dimethyl sulfoxide
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DMF
DIPEA
DMP
DSC

DFlI
DBDMH
DMAP
EtOAc
EAG/HCI
ESI
EtOH
1,2-EDT
Frag A
Frag B

Frag C

Fluolead
FID

FDA
GCMS-TIC
HIV

HDP
HRMS
HF-Py
i-PrOAc
i-PrOH

i-PrMgCI-LiCl

IPC

IR

KOtBu
LiHMDS
LenC
LCMS
LiTMP
M4ALL
MTBE
MesNF
MS-EI

m/z
MS-DART
MsOH
MDR HIV
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dimethylformamide

N,N-diisopropylethylamine

Dess-Martin periodinane

differential scanning calorimetry
2,2-difluoro-1,3-dimethylimidazolidine
1,3-dibromo-5,5-Dimethylhydantoin

4-Dimethylaminopyridine

ethyl acetate

ethyl amino glycinate hydrochloride

electrospray ionization

ethyl alcohol

ethane-1,2-dithiol
(S)-1-(3,6-dibromopyridin-2-yl)-2-(3,5-difluorophenyl)ethan-1-amine
4-chloro-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1-(2,2,2-
trifluoroethyl)-1H-indazol-3-amine
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
4-tert-butyl-2,6-dimethylphenylsulfur Trifluoride
flame-ionization detector

food and drug administration

gas chromatography-mass spectrometry total ion chromatogram
human immunodeficiency virus

high-density polyethylene (HDPE)

high-resolution mass spectrometry

Hydrogen fluoride pyridine (Olah’s reagent)

isopropyl acetate

isopropyl alcohol

isopropyl magnesium chloride lithium chloride complex
in-process control

infrared spectroscopy

potassium tert-butoxide

lithium hexamethyldisilazide (Lithium bis(trimethylsilyl)amide)
Lenacapavir Fragment C

liquid chromatography—mass spectrometry

Lithium 2,2,6,6-tetramethylpiperidide

Medicines for All Institute

methyl tert-butyl ether

tetrabutylammonium fluoride

mass spectrometry — electron ionization

mass/charge

Direct Analysis in Real-Time Mass Spectrometry
methanesulfonic acid

multidrug-resistant HIV
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NBS
NMR
NMO
n-PrOH
OPT
OXONE
PDR
Prep
PMI
PPE
PTFE
PMA
PIDA
gNMR
rac
RMC
SDS
SRS
SFC
SOP
SOzF2
TLC
TBS-CI
TC
TCCA
TE
TEMPO
TMP
THF
TFA
TFAA
TEA
TfOH
TMP-MgCI-LiCl

TPAP
uv
Y%

v max
Xtalfluor-E

(o]
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N-bromosuccinimide

Nuclear Magnetic Resonance
N-methylmorpholine N-oxide

n-propanol

scale-up optimization

potassium peroxymonosulfate (2KHSOs-KHSO4-K2S04)
process development report

pre-exposure prophylaxis

process mass intensity

personal protective equipment
polytetrafluoroethylene
phosphomolybdic acid
(Diacetoxyiodo)benzene, phenyl iodine(l11) diacetate, Phl(OAcC)2
quantitative Nuclear Magnetic Resonance
racemic

raw material cost

safety data sheet

synthetic route scouting

Supercritical fluid chromatography
Standard Operating Procedure

sulfuryl fluoride

thin-layer chromatography
tert-butyldimethylsilyl chloride

treatment cost

trichloroisocyanuric acid
techno-economic
2,2,6,6-Tetramethylpiperidine-1-oxyl
2,2,6,6-tetramethylpiperidine
tetrahydrofuran

trifluoroacetic acid

trifluoroacetic anhydride

triethylamine

triflic acid
2,2,6,6-tetramethylpiperidinylmagnesium chloride lithium chloride
complex solution

tetrapropylammonium perruthenate
ultraviolet

volume

wavenumber

DAST difluorosulfinium salt, (Diethylamino)difluorosulfonium
tetrafluoroborate

specific rotation
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