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Synthesis of Coenzyme Q1o
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Abstract: Problem statement: CoQy is a key compound in ATP synthesis having wide Ineinof
health application especially for treating humanffesing from pathophysiological condition. The
CoQyp presently available in the market is solely derifexin fermentation process. A commercially
viable synthetic process is yet to be realiz&dproach: The researchers described a new synthetic
route for the preparation of Ceg)1). This new process utilized inexpensive isoptexs a precursor
for the synthesis of an early intermediate withisgle isoprene unit. Another key step was the
selective oxidation of trans methyl of isoprenet@s a prelude to the expansion of the side cluain t
decaprenyl group using solanes®esults. Prenylation of 2, 3-dimethoxy-5-methylhydroquinone
using isoprenol in presence of a Lewis acid, folovby selective oxidation of trans methyl group of
isoprenyl side chain and subsequent allylic brotivnayielded a bromide precursor (7). The p-
toluenesulfination of the bromide followed by cdogl with solanesyl bromide and de-p-
toluenesulfination yielded dimethyl derivative betCoQg-quinol. Finally CAN oxidation of dimethyl
quinol followed by purification yielded Co@in 13% overall yieldConclusion: The present process
achieved Co@) starting from a relatively inexpensive precursartker improvement in the coupling
reaction between 8 and solanesyl bromide may leaddetter and viable synthetic process.
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INTRODUCTION bacteri&® The majority of CoQin rat liver is present
in its reduced form (ubiquinol), which exerts its
Coenzyme @ (CoQy), a prominent member of antioxidative functioll!. Similar to CoQ, CoQ is not
the ubiquinone family, is an essential component ofnerely a compound responsible for energy transolucti
the mitochondrial electron transfer chain, which is;, mitochondrial membrane in rat heart: it alsoseras
;i?ilg;?c?anftorinAI;I Sr?l]re]tru%?:neznin;unl(i:tlgnrsotgﬂi . a3 functional element in the cells and possessdityabi
CoQy is also a powerful antioxidant notporl?ly Wifhin for redox cycling. The Conﬁfers ffom C.:OQO W'.th
respect to the number of isoprenoid units in the ta

the mitochondria but also in other organelleC h . o h i
membranes containing CEQ CoQy is ubiquitously ~CO@ Nhas nine units in contrast to the presarice
&0 units in Co@,

present in the mammalian tissues, especially in th i i )
heart. The fact that the levels of endogenous gaQ  Most of the CoG is found in mammalian hearts
the heart decreases during ischemic heart diseadeluding human myocardidfh CoQo is not an
including heart failure prompted clinical trials thvi ~€ssential nutrient, because it can be synthesizedei
CoQy in patients that suffered from heart failfke body. High amounts of Co@ can also be found in
Randomized, double blind, placebo-controlled trizfls several food products, including meat, fish, pesiauid
oral administration of Co@ have confirmed the broccolf). Dietary intake of Cais about 2-
effectiveness of Cofq in improving angina episodes, 5 mg day', which is inadequate for the body under
arrhythmias and left ventricular function in pat®n pathophysiological conditioffs A number of methods
with acute myocardial infarctiéh have been developed for the synthesis of Go¢¥
CoQ is found in rodents like mice and rats, while since the first industrial approach by Hideki Fulsaat
CoQ@, CoQ and CoQ are found in yeast and Nisshinin 1974
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The researcher describe herein a novel process fdi8 mL of acetonitrile, 12 mL of water and sodium

the synthesis of Coenzymgd@s shown in Fig. 1. dithionate (8.6 g, 0.0494 mol) were taken in a tbun
oH b fer bottom flask. Reaction mixture was stirred at room
H,CO CHy HaCO CHy v HsCO Chs 3 .
jﬁ;{ R mg—* mg temperature for 2 h. After completion, the reaction
HyCO HaCO = HzCO = . . .
oH . Geky mixture was poured in to ice cold water and ex&dct
2 i E.4 R:CH"RLOCH o bcen with EtOAc. The organic layer was washed with brine
s meco Rtk dried over NgSO, and concentrated under vacuum at
[ - s o .
g RECH,OR, RiOCH, 40°C temperature to yield 2 (5.5 g, 90.7%).

Hico mixture of 2, 3-Dimethoxy-5-methylhydroquinone (2,
5.5 g, 0.0298 mol), 28 mL of carbon tetrachloride a
2-methyl-3-buten-2-ol (4.1 g, 0.0476 mol) was taken
a round bottom flask. Under vigorous stirring, ;:BF
etherate (0.85 g, 0.00597 mol) was added drop twise
reaction mixture at 0-5°C. Then reaction mixtureswa
allowed to warm up to room temperature and continue
the stirring. After 3 h, the reaction mixture wasuped
into ice cold water and the mixture extracted with
EtOAc. The organic layer was washed with brinegdiri
over NaSQ, and evaporated under vacuum at 40°C to
obtain 3 (8 g, 96.1%).

o]
HsCO. CH3 OCH,
H@% i HsCO o g 2, 3-Dimethoxy-5-methyl-6-prenylquinol (3): A
’ 1 OCH3 h = gH
W [00m

Fig. 1: (i): CCl, 2-methyl-3-buten-2-ol, Brt, 96.1%;
(ii): NaOH, DMS; 90°C, 78% (iii): Se§)
EtOH; (iv): EtOH, NaBH, rt, 65%; (v): THF,
Pyridine, PBs, 0°C, 92% (vi): CHCI,, TEA,
Sodium p-toluenesulphinate, rt, 83%; (vii): t-
BuOK, THF, Solanesolbromide, -20-30°C,
74%; (vii): THF, EtOH, Na, rt, 79%; (ix):
CHsCN, CHCI,, CAN, 0°C, 72%

MATERIALSAND METHODS
2, 3, 4, 5-Tetramethoxy-6-prenyl toluene (4): 2, 3-
2, 3-dimethoy-5-methyl-p-benzoquinone  anddimethoxy-5-prenyl-6-methyl  quinol (3, 8 g,
isoprenol were purchased from Sigma-Aldrich Chemie0-03174 mol) and sodium hydroxide (5 g, 0.125 mol)
GmbH, Steinheim, Germany. Sodiumdithionate, Were dissolved in 21 mL of water in a round bottom

dimethy|5u|phate' Sodiumborohydride, flask. D|methy| Sulphate (199 g, 0.1587 mol) was
phosporoustribromide, sodium metal, Slowly added to reaction flask at room temperaame
cericammoniumnitrate were purchased from SD Findhe reaction mixture was stirred at 90°C for 2 fteA
chemicals, TV Industrial estate, Mumbai, India. cOMpletion, the reaction mixture was poured ind® i
Selinium dioxide was purchased from Molychem, Souricold water, acidified with 5N 80, and extracted with
building, Mumbai, India. All the above chemicalsree EtOAc and the organic layer was washed with brine,
used as received. Solanesyl bromide was prepaved fr dried over NgSO, and concentrated under vacuum. The
solanesol, which was isolated from tobacco wasitegus residue (9 g) was subjected to column chromatograph
a known procedure. IR spectra were recorded on @ver silica gel using 2% EtOAc/hexane to yiéld
Perkin-Elmer (model spectrum BX) FT-IR instrument (6.9 9, 78%).
in chloroform. '"H NMR spectra were recorded on
Bruker Avance AV 400 MHz Spectrometer afC IR (CHCls) Vi cm™: 2933, 1467, 1407, 1350, 1258,
NMR spectra were recorded on Bruker Avance AV1196, 1100, 1070, 1042, 10134 NMR & (400 MHz,
100MHz Spectrometer. Mass studies were performe€DCl): 4.97 (1H, m), 3.83 (3H, s), 3.82 (3H, s), 3.71
on LC-MS system equipped with Agilent 1100 series,(3H, s), 3.71 (3H, s), 3.23 (2H, d, J = 6.80 Hzj)72
LC/MSD detector and 1100 series Agilent HPLC pump.(3H, s), 1.70 (3H, d, J = 0.8 Hz), 1.61 (3H, d, 0.8
Normal phase silica gel (ACME, 100-200 mesh) wasHz); *C NMR & (100 MHz, CDCJ): 147.88, 147.69,
used for column chromatography. Silica gel pre-edat 144.96, 144.72, 131.30, 129.15, 125.25, 122.949%1.
plates (Alugram Sil G/UM,) were used for thin layer 60.99, 60.61, 25.91, 25.63, 17.86, 11.66; LCMS (ESI
chromatography ~ using the solvent  systempositive scan): m/z 303 (M+Na)
CHCIs/MeOH (9:1) and visualized by immersing the
plate in vanillin sulfuric acid reagent followed by 2, 3, 4, 5-Tetramethoxy-6-(2-methylbut-2-ene-1-al-
heating at 110°C. 4yhtoluene (5) and 2, 3, 4, 5-tetramethoxy-6-(2-
methylbut-2-ene-1-ol-4yl)toluene (6): To a solution of
2, 3-Dimethoxy-5-methyl hydroquinone (2): 2, 3- 2, 3, 4, 5-tetramethoxy-6-prenyl toluene (4, 7.3 g,
dimethoxy-5-methylquinone (6 g, 0.0329 mol) and0.06576 mol) in ethanol (100 mL) was slowly added
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SeQ (32.5 g, 0.2959 mol) at room temperature and theombined and evaporated under vacuum to obtain 6
reaction mixture was stirred at room tempesafar (3.5 g, 65%).
4 h. After completion of the reaction, the mixtwas 2, 3, 4, 5-Tetramethoxy-6-(1-bromo-2-methylbut-2-
poured in to ice water and the mixture was extdacte ene-4yl) toluene (7): 2, 3, 4, 5-Tetramethoxy-6-(2-
with EtOAc. The organic layer was washed with brine methylbut-2-ene-1-o0l-4yl) toluene (6, 2 g,
dried over NgSQO, and concentrated to obtain a mixture 0.006756 mol) was dissolved in 10 mL of
of 5 and 6 (5.5 g, 80%). For identification purpose tetrahydrofuran and treated with pyridine (0.1 g,
small sample (0.5 g) of the mixture was subjected t0.001689 mol). PBr(0.66 g, 0.002477 mol) was slowly
silica column chromatography using hexane and ethyadded to the reaction mixture at 0°C for 15 minteAf
acetate mixtures. The fractions eluted with 15%30 min, the reaction mixture was poured into icé&dco
EtOAc/hexane were monitored, identical fractionssaturated sodium bicarbonate solution and extracted
combined and evaporated to vyield 5 (225 mg)with EtOAc. The organic layer was washed with brine
Similarly, the fractions eluted with 30% EtOAc/heka dried over NaSO,and concentrated under vacuum. The
were monitored and identical fractions combined andesidue (2.6 g) was subjected to column
evaporated to obtain 6 (150 mg). chromatography over silica gel using hexane and 2%
EtOAc/hexane mixtures. The fractions eluted with 2%
2, 3, 4, 5-Tetramethoxy-6-(2-methylbut-2-ene-1-al-  EtOAc/hexane mixture were combined and evaporated
4yl) toluene (5): IR (CHCIl3) v cm™ 2932, 1687, to obtain 7 (2.2 g, 92%).
1467, 1407, 1352, 1219, 1104, 1039;NMR &
(400 MHz, CDC}): 9.30 (1H, s), 6.32 (1H, m), 3.84 |R (CHCIl3) v cm™ 2934, 1466, 1408, 1351, 1200,
(3H, s), 3.83 (3H, s), 3.74 (3H, s), 3.72 (3H,3p8 1105, 1073, 1039, 1012, 9744 NMR & (400 MHz,
(2H, dd, J=6.8, 0.8 Hz), 2.07 (3H, s), 1.8, d, CDCL): 5.44 (1H, tJ = 6.8 Hz), 3.89 (2H, s), 3.83 (3H,
J = 1.2 Hz), 18 NMR § (100 MHz, CDC}): 195.06, s), 3.82(3H, s), 3.72 (3H, s), 3.71 (3H, s), 3288, d, J
152.56, 148.07, 147.87, 145.94, 144.88, 138.925MR5 = 6.8 Hz), 2.06 (3H, s), 1.85 (3H, d, J = 0.8 HZL
125.28, 61.03, 61.00, 60.96, 60.68, 26.99, 11.98;9 NMR § (100 MHz, CDC)): 147.95, 147.78, 145.39,
LCMS (ESI, positive scan): m/z 295 (M+K)m/z 317  144.78, 131.75, 129.65, 127.36, 125.27, 61.04,251.0
(M+Na)*, m Z* 333 (M+K)". 60.98, 60.64, 41.48, 26.23, 14.81, 11.77; LCMS (ESI
positive scan): m/z 361 (M+H)m/z 383 (M+Nay}.
2, 3, 4, 5-Tetramethoxy-6-(2-methylbut-2-ene-1-ol-
4ylytoluene (6): IR (CHCI3) Ve cm™: 3432, 2935, 2, 3, 4, 5-Tetramethoxy-6-(1-p-toluenesulphinyl-2-
2862, 1466, 1407, 1351, 1219, 1105, 1067, 10393;101 methylbut-2-ene-4yl)toluene (8): But-2-ene-2-methyl-
'H NMR 3 (400 MHz, CDC}): 5.26 (1H, m), 3.93 (2H, 1-bromo-4-yl tetramethoxytoluene (1 g, 0.00277 mol)
s), 3.83 (3H, s), 3.82 (3H, s), 3.72 (3H, s), 33K, s), was dissolved in 10 mL of dry dichloromethane teat
3.29 (2H, dd, J = 6.8, 0.8 Hz), 2.07 (3H, s), 138,  With triethylamine (0.28 g, 0.00277 mol). Sodium 4-
s), °C NMR & (100 MHz, CDCJ): 147.93, 147.72, toluene sulphinate (493 mg, 0.00278 mol) was slowly
145.19, 144.75, 134.68, 128.29, 125.23, 124.583%8. added in portions wise to the reaction mixture and
61.02, 60.99, 60.63, 25.51, 13.81, 11.76; LCMS (ESIstirred at room temperature for 3 h. Then the react

positive scan): m/z 319 (M+N3)m/z 335 (M+KJ. mixture was poured in to ice cold water and acédifio
pH 4 with 5N HCI and then extracted with EtOAc. The
2, 3, 4, 5-Tetramethoxy-6-(2-methylbut-2-ene-1-ol- organic layer was washed with brine, dried over

4yhtoluene (6): The mixture of 5 and 6 from the Na&SQO,and concentrated. The residue was subjected to
previous reaction (5.5 g, 0.01864 mol) was dissbive ~ column chromatography over silica gel using hexane
55 mL of ethanol and treated slowly with sodium10 and 15% EtOAc/hexane mixtures. The fractions
borohydride (413 mg, 0.01116 mol) at room eluted with 15% of EtOAc in hexane were monitored
temperature and the reaction mixture was stirred a@nd the fractions containing the compound were
room temperature. After 2 h, the reaction mixtusw combined evaporated to afford 8 (1 g, 83.3%).

poured into ice cold water, acidified with 5N HGich

extracted with EtOAc. The organic layer was washed R (CHClg) Ve cm™: 2933, 1594, 1463, 1410, 1352,
with brine, dried over N&0O, and concentrated under 1309, 1212, 1108, 1040, 97bH NMR & (400 MHz,
vacuum. The residue (5 g) was subjected to colum&DCl): 7.58 (2H, d, J = 8.0 Hz), 7.15 (2H, d, J = 8.0
chromatography over silica using 5,10,15 and 20%Hz), 4.85 (1H, t, J = 6.4 Hz), 3.83 (3H, s), 3.89(3),
hexane/EtOAc mixtures. The product eluted with 153.70 (3H, s), 3.63 (3H, s), 3.61 (2H, s), 3(2A, d,
and 20% mixtures of EtOAc/hexane were monitoredJ = 6.8 Hz), 2.32 (3H, s), 1.91 (3H, s), 1.8, d,
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J = 1.2 Hz);"*C NMR & (100MHz, CDC}): 147.84, fractions combined and evaporated to obiin
147.63, 145.32, 144.67, 144.29, 135.59, 134.294129 (540 mg, 79%)
128.45, 127.18, 125.13, 123.50, 66.14, 61.00, 60.94R (CHCIl3) Vma cm™: 2963, 2925, 2854, 1665, 1465,
60.89, 60.61, 26.22, 21.49, 16.98, 11.64; LCMS (ESI1407, 1382, 1352, 1196, 1105, 1048 NMR &
positive scan): m/z 435 (M+H) (400 MHz, CDC)): 5.04 (10H, t, J = 6.40 Hz), 3.83
, (3H, s), 3.83 (3H, s), 3.71 (3H, s), 3.70 (34,3.20
%/nthess of 9 2, 3, 4, 5-Tetrameth0xy-6—(1-p— (2H, d, J=6.4 HZ), 2.10 (3H, S), 1.99 (ZOH, mﬂ]l
tO|uenesuIphlny|-2-methylbut-Z-ene-4yl) toluene gl (18H m) 1.60 (3H S) 1.52 (3H éic NMR §
0.002304  mol) and  solanesol - bromide (2.4 9(100 MHz, CDCY): 147.88, 147.70, 135.11, 135.03,
0.00345 mol) were dissolved in 10 mL of 13491 13486, 131.16, 129.79, 124.89, 124.453024
tetrahydrofuran. Separately, potassium ter-butoxide 4 24 124.15 123.43 123.17. 122.92. 61.02 160.9
(520 mg, 0.004634 mol) was suspended in 10 mL 0fg g, 60,56, 40.12, 39.74, 39.72, 27.02, 26.80625

tetrahydrofuran and added dropwise to the aboves 34 1763 16.21. 11.68. 11.54: LCMS (ESI, pessit
solution containing 2, 3, 4, 5-tetramethoxy-6-(1-p-Scan):' m/z 915 (M+Né) ' ’ '

toluenesulphinyl-2-methylbut-2-ene-4yl)toluene  and
solanesol bromide at -20°C. After 30 min, the rieact Coenzyme Qi (1): 2, 3, 4, 5-Tetramethoxy-6-

mixture was allowed to reach ambient temperatuck aNgecaprenyltoluene (10, 300 mg, 0.00034 mol) was
continued the stirring for 2 h. The contents wétent  yisqolved in a mixture of 1.25 mL of acetonitrilada

poured in to ice water and the mixture was acidif® 1 55 | of dichloromethane. Cericammoniumnitrate
pH 4 with 5N HCI and extracted with EtOAc. The (560 mg, 0.00102 mOle) was SlOle added to the

organic layer was washed with brine, dried overrgaciion mixture at 0°C followed by 3 mL of aqueous
N&,SO, and concentrated under vacuum. The residugceonitrile and the reaction mixture was stired a
was subjected to column chromatography over silica goc. after 1 h, the reaction mixture was poureddn

gel by eluting with hexane followed by 2 and 50/00 ice cold water and extracted with EtOAc. The organi
EtOAc/hexane mixtures. The fractions eluted with 5A)| yer was washed with brine, dried over,8@, and

EtOAc/hexane were combined and evaporated to yiel vaporated under vacuum. The residue was subjexted

9 (1.78 g, 74%). column chromatography over silica gel using hexane
and 2% EtOAc/hexane mixture. The fractions eluted

=1.
IR (CHCl3) Vma Cm = 2925, 2854, 1597, 1465, 1406, with 2% EtOAc/hexane mixture were monitored, the

1383, 1314, 1219, 1145, 1105, 1086, 10#NMR & . - .
(400 MHz, CDCY): 7.57 (2H, d, J = 8.0 Hz), 7.15 (2H fraction containing the product combined and
d, J = 8.0 Hz), 5.02 (10H, m) 3.82 (3H, ), 3.78,(8), cvaporated to yield {, (1, 210 mg, 72%).

3.68 (3H, s), 3.58 (3H, s), 2.32 (3H, ), 1.99 (18H), N

1.51 (15H, s), 1.49 (3H, S)]ISC NMR § (100MHz, 1146, 1265, 1201, 1150, 1098, 1023 NMR &
CDCL): 14524, 144.67, 138.44, 13531, 134.93,(400 MHz, CDC)):5.04 (10H, t, J = 6.4 Hz), 3.91 (3H,
134.86, 134.15, 129.52, 129.24, 128.87, 124.443124 S), 3.90 (3H, 5), 3.12 (2H, d, J = 6.8 Hz), 1.99H2m),
124.25, 118.79, 73.87, 66.32, 60.94, 60.88, 60.58L-94 (3H, s), 1.91 (18H, m), 1.60 (6H, s), 1.53 ()
30.74, 26.75, 26.70, 25.62, 21.58, 17.63, 16.2895 1-52 (21H, 5)7°C NMR § (100 MHz, CDCY): 183.87,
11.54; LCMS (ESI, positive scan): m/z 1046 (M+H) 141.71, 138.85, 137.85, 137.62, 135.15, 134.93,.8634
131.17, 125.05, 124.64, 124.44, 124.30, 123.87.9718
2, 3, 4, 5-Tetramethoxy-6-decapr enyltoluene (10): To  61.06, 40.02, 39.74, 39.72, 38.35, 32.00, 29.67329
a solution of 9 (800 mg, 0.7648 mmol) in 8ml of THF 27.00, 26.80, 26.75, 26.71, 26.57, 26.36, 25.6B®5
was added ethanol (1.23 g, 0.02676 mol). Sodiun25.15, 232.38, 17.63, 16.00, 15.97, 11.87. 11.82;
(146 mg, 10.707 mmol) pieces were slowly added td.CMS (ESI, positive scan): m/z 863 (M+H)m/z 885
the reaction mixture under vigorous stirring atmoo (M+Na)*, m/z 901 (M+K}.
temperature and continued the stirring for 9 h.nTthe

reaction was quenched by pouring into ice water and RESULTS
the mixture extracted with EtOAc. The organic layer
was washed with brine, dried over 4S8, and The synthesis of Co@ was carried out in nine

concentrated under reduced pressure. The residee wsteps as shown in Fig. 1. 2, 3-Dimethoxy-5-

subjected to column chromatography using hexane anahethylquinone was reduced 2owith sodium dithionate

2% EtOAc/hexane. The fractions eluted with 2%in 90.7% vyield. The reaction of 2, 3-dimethoxy-5-

EtOAc/hexane mixture were monitored, identical methylhydroquinone (2) with isoprenol in presende o
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BF; etherate in carbon tetrachloride yielded theprenylated using solanesyl bromide in presence of a
prenylated hydroquinone (3) in 96% vyield. The di-O-strong base to obtain 9. This advanced intermedate
methylation of the hydroquinone using was de-p-toluenesulfinated using sodium in ethanol
dimethylsulphate yielded 2, 3, 4, 5-tetrametnoxy-6-obtain the dimethyl derivative of Cqgquinol. Finally
prenyltoluene (4) in 78% vyield. The oxidation ofth CAN oxidation of 10 was afforded Cggl1). The pure
terminal methyl in the prenyl side chain with sélem  CoQ,, was isolated from the crude reaction mixture
dioxide yielded 5 and 6 in 80% overall yield. Theusing column chromatography followed by
mixture of 5 and 6 was subjected to reduction usingrystallization in 13% overall yielded.
sodium borohydride to yield the (2E)-4-[2, 3, 4, 5-
tetramethoxy-6-methylphenyl] but-2-en-1-ol (6) 5%
yield. The alcohol 6 was converted to the bromide 7
using PBg in 92% vyield and then subjected to p- CoQy is a potentially useful compound having
toluenesulfination using sodium p-toluene sulpteénat  wide number of health applications especially those
dry dichloromethane to give p-toluenesulfinate 8 inrelated to cardiovascular diseases. Though the;£0Q
83% vyield. The p-toluenesulfinate (8) was nona-from biotechnology process can able to meet theentir
prenylated using solanesyl bromide in presence oflemand, no commercially viable synthetic process is
strong base potassium tert-butoxide to obtain B4i%h  available. The present process achieves jgefarting
yield. The reductive de-p-toluenesulfination of §ing  from relatively inexpensive precursor, called isoml.
sodium in ethanol yielded 10 in 79% yield. Finally It achieves key synthetic intermediate 8, neededh®
CAN oxidation of 10 in 1:1 mixture of dichlorometi® expansion of the prenyl chain, through a novel leiab
and acetonitrile, followed by column chromatographyprocess. This is more economical than expanding
and crystallization afforded Cqgl1) in 72% vyield. expensive natural nonaprenyl compound called
solanesol by an isoprene unit before coupling éo@h
precursor. This process can also be used to produce
other CoEnzyme Q compounds having different
Coenzyme (CoQ), a member of the ubiquinone number of isoprene units per side chain.
family, is an essential component of the mitochaidr
electron transfer chain. It is widely being used fo
cardiac health and also as an antioxidant. It htdds
promise as an anticancer agent. The commercial
guantities, however, limited as the Cg@h the market

CONCLUSION

DISCUSSION
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A new synthetic route for the preparation of GoQ
is described. The key steps include prenylatiorthef
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isoprenol and selective oxidation of trans methglug
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