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B Introduction to lonizable Lipids
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B Properties of lonizable Lipids
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Each dose of the Moderna COVID-19 Vaccine contains the following

ingredients: a total lipid content of 1.93 mg /H\)J\
o/\(\o/{'\/o\]\/\om
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SM-102, ionizable lipid 0 pEG 44
polyethylene glycol [PEG] 2000 dimyristoyl glycerol [DMG], »
cholesterol, and o
1,2-distearoyl-sn-glycero-3-phosphocholine [DSPCI,
0.31 mg tromethamine, /H\)J\o o ®
1.18 mg tromethamine hydrochloride, 19 ui/\ DI T
0.043 mg acetic acid, 07" P
0.20 mg sodium acetate trihydrate, and \H/\H/o DSPC
43.5 mg sucrose. 155
Pfizer/BioNtech COVID-19 Vaccine largest quantity
by far
Lipid Wt lipid per dose Wi lipid
(30 ug mRNA/dose) 1B doses l
lonizable lipid 0.35 mg 351 kg
PEG-lipid 0.034 mg 34.4 kg
DSPC 0.072 mg 72 kg
Cholesterol 0.14 mg 142 kg




Potential Compounds from Cashew Nut Shell Liquid as building blocks for lonizable Lipids?
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- Precedence for aromatic ionizable lipids
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Reagents and Conditions: i) BnCl, K,CO,, KI, DMF,
80 °C, 5 h; ii) RBr, K,CO,, DMF, 120 °C 2 h; 1ii) H., - - -
P/C, DCM, MeOH, 12 h: iv) LiAIH,, THF, 0-23 °C, Drew Weissman: Intravenous injection (|V) I Luminescence in vitro

1 h; v) 4-Bromobutyric acid, SOCI,, DMF (cat.), DCM, ] Luminescence in vivo

MmRNA 23 °C. 1h e DVMAR NEL, DOM. 033 C.2 v Qur work: Intramuscular injection (IM) °

DCC, DPTS, 12 h; vii) K,CO,, MeCN, 95 °C, 3 h.
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C-15 Compounds from Cashew Nut Shell Liquid for lonizable Lipids

Simple extraction,
distillation/separation OH meta hydroxylation

and hydrogenation reaction hydrogenated
| > > Cardol (1,3,5-trisubstituted
benzene)

14
500mg $1897.00

Mainly hydrogenated .
cardanol _

5 synthetic steps
* Green Chemistry, Scalable

* Only last step requires chromatography
* All steps >90% vield 1y

« Raw materials available in Africa OR

* Roughly 1 g of ionizable lipid per shell
O/\/O\"/\/\N/\

MmRNA 17 ionizable lipids
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Convert all nine compounds into one?
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B Cardanol-Derived lonizable Lipids

Cardanol Cardanol-derived lonizable Lipid: Weissman Iipid (162):
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- Importance of lonizable group: In vitro formulations single component
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In vitro formulations single component

14 OR, HsC OR, Firefly luciferase (Fluc) assay
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Other examples of 1,3,5-ionizable lipids

O Aryl linker CS-006 Alkyne linker

14 O 14 %

Testing in progress
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- 1,2,5-trisubstituted ionizable lipids from cardanol

Cardanol
14

OH
e
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- Synthesized 1,2,5 ionizable lipids

H,C Secondary Lipid tail
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Delivery using new ionizable lipids in mice

e Single component lipid nanoparticle (LNP)

* Intramuscular injection (IM)

— 0 0 (\N/\/OH

/\/\/\/\/\/\/\/©/\OJ\/\/N
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Four component formulation using microfluidics

Rl 1= 199+8 2 O\/\ N /ﬁ
. { K/N\/\OH

Exposure times: 1, 5,

15, 30, 60 seconds RK-008

mite~ N ‘

i - “ ,*4 \ . N ‘”_;
ROI 1 =1.54e+8 ROI 1=1.65e+8

s -

Cholesterol: Distearoylphosphatidylcholine (DSPC): Dimyristoyl glycerol (DMG) —polyethyleneglycol (PEG) 2000

40:1 w:w lipid:mRNA
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- Current Research: Making and testing Weismann-162 as a standard for IM injections

0O
H202 \H,CH3
EtOH
rt, 3 h.
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| | 12 HO\/\ /ﬁ
K/NH
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HO HO R,0
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m @—Q u @_4 ’V @ﬂ Reagents and Conditions: i) BnCl, K,CO,, KI, DMF,
OCH; OCH; 80 °C, 5 h if) RBr, K,CO,, DMF, 120 °C, 2h: iii) H,,
Pd/C, DCM, MeOH, 12 h; iv) LiAIH,, THF, 0-23 °C,
4 (100%) 5 (74-92%) 6 (93 100%) | 1 h; v) 4-Bromobutyric acid, SOCI DMF (cat.), DCM,

J. Am. Chem. Soc. 2022, 144, 4746-4753
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D Current Research: Modifying the cardanol C-15 chain

Lipid tail
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Modification of the C-15 Chain

) O3 MeCN : H,0 , MSO\/C/\/

R 7 AcO, NEts rt., 20 min. oac  NaOH, EtOH, tt, 7 ]
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C-7 and C-5 Compounds from Cashew Nut Shell Liquid

Simple extraction,

- distillation and OH OH Pack Size Quantity Price(USD)  Sub Total
ozonolysis reaction 10mg _ o + | $12000 0.0
. I > I > 100mg _ 0 4 542600 0.0
‘ s . PI.US Other Steps 6 6 OH 500mg - 0 + $ 1740.00 0.0
‘ C_7 C'7 1g _ 0 + $3244.00 0.0
cardanol Cardol
Cashew nut shell oil Pack Size Quantity Price(USD)  Sub Total
182 = + $ S8.( 0.0
Waste product OH OH - s
2.58 — +
- Extracted from ' > \M/@ - # | $10400
inedible shells A f OH . | =T
C-5 C-5 25g = b 4 $287.00
cardanol Cardol (OIiVEtOI) b $103000
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) ntellectual Property

Provisional Patent filed on 18 September in South Africa ZA2023/08807

« The use of ionizable lipids derived from cashew nut shell liquid and their
formulation into single or multicomponent lipid nanoparticles (LNPs) and their
ability to deliver mRNA

* The synthesis of the hydrogenated cardol and the C-7 and C-5 analogs (olivetol)
from cashew nut shell liquid
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