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Integration of Solventless Reaction in Multi-Step Process.

Application to Efficient Synthesis of PA-824
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Summary of reaction mass efficiencies (RMEs) and necessary solvents for PG, THP,

CIN and PG processes.



N
GL/sW [»
N
(')>/\OH H o
1.27 kg, 3.0 equiv 2 PhCH=CHCOOH (0.91 kg 1.2 i
O,N (0.60kg, 1.3 equiv) (1:27 kg, 3.0 equiv) N (0.91kg 1.2 equiv)
N ~ TIPSCI (3.00 kg, 2.5 equiv) /A ) DCC (1.05 kg, 1.0 equiv)
7 »\NO CsF (0.094 kg, 0.1 equiv) pMmAP (0.23 kg, 30 mol%) N NO, DMAP (0.12 kg, 20 mol%)
N 2
toluene (25.5 L)
H
) DMF (24.9L) K‘AOT'PS Pyridine in DCC/Pyridine 3.2 L
For workup OH
0.98 kg AcOEt 180.4 L ab:82% afterc.o. | or TSP,
(6.22 mol) NaHCOs3aq , water and NaClaqg 37.3 L 198 kg NaHCOzaq and NaClag 51.0 L
5.10 mol
For column chromatography 12440 L ( ) For column chromatography 7650 L
Total amount of solvents
Total amount of solvents (7806.2 L)
(126826 L) :
O,N O.N O,N
ZFT NN N
. . \
N)\NOZ TBAF (1.35 kg, 1.1 equiv) /N»\O (-C3H70)4Ti (12.1 g, 1 mol%) N)\O
THF (23.5 L) K‘) MeOH K‘)
oTIPS THF in TBAF/THF 3.7 L (170.81)
OCOCH=CHPh OCOCH=CHPh E K OH
. For workup . Or Workup . ot
8b: 92% after c.c. AGOE 140.7 L 6b: 91% after c.c. MeOH 427.0 L 7: 93% after filtration.
2.43 kg NaHCO3aq , water and NaClaq 140.7 L 1.35kg For filtration 128.1 L 0.74 kg
(4.69 mol) (4.27 mol) (3.97 mol)
For column chromatography 23450 L Total amount of solvents
Total amount of solvents (7259L)
(23758.6 L)
1.00
RME = = 100 0091
0.98 + 0.60 + 0.094+1.27+3.00+0.23+0.91+1.05+0.12 + 1.35 + 0.012 + 1.22 + 0.0953 10.93

Solvent employed = 12682.6 + 7806.2 + 23758.6 + 725.9 + 8210.0 = 53183 L

Solvents for reaction =24.9 +255+3.2+235+3.7+170.8 +19.9=272 L

o,N
N
L}
N)\No2

OTIPS
OCOCH=CHPh
8b: 92% after c.c.

2.43 kg
(4.69 mol)

ISR
CF30

(1.22 kg, 1.2 equiv)
NaH (95.3 g, 1.0 equiv)

DMF (19.9 L)

For workup
CH,Cl, 119.1L
NaHCOsaq , water and NaClaq 119.1 L

For column chromatography 7940 L
For recrystallization 11.9 L

Total amount of solvents
(8210.0L)

jSea

1: 70% after recryst.

1.00 kg
(2.78 mol)



THP/SW

O,N
Z/»N
\
N)\No2
H

2

1.15 kg
(7.27 mol)

O5N
Z/»N
\
e,

K‘AOTPS

OTHP

8a: 87% after c.c.

2.54 kg
(5.38 mol)

Solvent employed = 10905.0 + 12545.4 + 27261.2 + 174.4 + 8210.0 = 59096 L

Solvents for reaction = 30.9 + 26.9 + 11.5+ 130.8 + 19.9 =220 L

O,N

Z/»N
\
8
OH
7: 91% after recryst.

0.74 kg
(3.97 mol)

|>/\ ON
OTIPS
0 )y g\ DHP (1.56 kg, 3.0 equiv)
3b (2.01 kg, 1.2 equiv) N NO, PPTS (0.31 kg, 20 mol%)
9L
Y oTPS toluene (30.9 L)
For column chromatography 10905 L OH For workup
. QEO AcOEt 92.7 L
4b: 85% after c.c. NaHCOsaq and NaClaq 61.8 L
Total amount of solvents 2.40 kg
(10905.0 L) (6.18 mol) For column chromatography 12360 L
Total amount of solvents
(12545.4 L)
O,N
y N
TBAF (4.22 kg, 3.0 equiv) N»\O 12N-HCI
THF (26.9 L) K‘) MeOH
THF in TBAF/THF 11.5 L (130.81L)
. . OTHP
Or workup : 819 c.  For recrystallization 43.6 L
CHCl5 161.4 L 6a: 81% after c.c rystallizati
NaHCOsaq , water and NaClaq 161.4 L
384 a (141376kr?10I) Total amount of solvents
For column chromatography 26900 L : (1744 1)
Total amount of solvents
(27261.2 L)
1.00
RME = 1.00_ = 0,094
1.15 + 2.01+1.56+0.31+4.22+1.22+0.0953 10.6

O,N
N
&
N)\No2

OTIPS
OTHP
8a: 87% after c.c.

2.54 kg
(5.38 mol)

e
CF40

(1.22 kg, 1.2 equiv)
NaH (95.3 g, 1.0 equiv)

DMF (19.9 L)

For workup
CH,Cl, 119.1 L
NaHCOsaq , water and NaClaq 119.1 L

For column chromatography 7940 L
For recrystallization 11.9 L

Total amount of solvents
(8210.0L)

(9o a

1: 70% after recryst.

1.00 kg
(2.78 mol)



THP/IP-1

ON OTIPS ON
Z/_N c’)>/\ DHP (1.84 kg, 3.0 equiv) y ’;‘)\
\ 3b (2.01 kg, 1.2 equiv) PPTS (0.37 kg, 20 mol%
S NO, (037 kg °) N~ NO,
H toluene (36.4 L)
2 E " OTIPS
or workup
15k AcOEt 109.2 L OTHP
. . 8a: 79% after c.c.
(7.28 mol) NaHCO3aq and NaClaq 72.8 L o
2.72 kg
For column chromatography 18200 L (5.75 mol)
Total amount of solvents
(18418.4 L)
02N 02N
N N
/ ). _ / A
N NO, TBAF (4.51 kg, 3.0 equiv) 12N-HCI N~ "O
THF (28.8 L) MeOH (172.5L)
OTIPS .
THF in TBAF/THF 12.2 L OH
OTHP
8a: 79% after c.c. For column chromatography 23000 L 7: 69% after recryst.
For recrystallization 17.3 L
2.72 kg 0.74 kg
(5.75 mol) (3.97 mol)
Total amount of solvents
(23230.8 L)
1.00
RME = = 100 -0089

1.15+2.01+1.84+0.37+4.51+1.22+0.0953 11.2

Solvent employed = 18418.4 + 23230.8 + 8210.0 = 49859 L

Solvents for reaction = 36.4 +28.8 + 12.2 + 1725+ 19.9 =270 L

gBr O,N
CF50 Z>

(1.22 kg, 1.2 equiv)
NaH (95.3 g, 1.0 equiv)

DMF (19.9 L)

For workup
CH,Cl, 119.1L
NaHCOsaq , water and NaClaq 119.1 L

For column chromatography 7940 L
For recrystallization 11.9 L

Total amount of solvents
(8210.0L)

o

1: 70% after recryst.

1.00 kg
(2.78 mol)



THP/IP-2

0N oTIPS . ON
N O ~ DHP (2.16 kg, 3.0 equiv) ) ';l
/ N 3b (2.36 kg, 1.2 equiv) PPTS (0.43 kg, 20 mol%) TBAF (6.71 kg, 3.0 equiv) A
N NO, N™ "O
H toluene (42.8 L) THF (42.8 L) K‘)
2 THF in TBAF/THF 18.2 L
OTHP
1.35 kg For workup 6a: 51% after c.c.
(8.55 mol) CHCI3 128.3 L
NaHCOjaq , water and NaClaq 128.3 L 1.17 kg
(4.36 mol)
For column chromatography 21375 L
Total amount of solvents
(21735.4 L)
Br O5N
z»N
ON O,N CF30 ! N
2 N ) N (1.22 kg, 1.2 equiv) N~ O
) OCF
/N»\O 12N-HCI N)\O NaH (95.3 g, 1.0 equiv) K‘i©/ 3
(0]
k‘) MeOH (130.8 L) H) DMF (19.9 1)
OTHP OH 1: 70% after recryst.
. ati . 940 For workup
6a: 51% after c.c. For recrystallization 43.6 L~ 7: 91% after recryst. CH,Cly 119.1 L 1.00 kg
NaHCOs3aq , water and NaClaq 119.1 L (2.78 mol)
1 41376k9 | Total amount of solvents ?37;7?]0')
(4.36 mol) (174.41) : For column chromatography 7940 L
For recrystallization 11.9 L
Total amount of solvents
(8210.0 L)
1.00
RME = = 100 - 0070
14.3

1.35+2.36+2.16 + 0.43 +6.71+1.22+0.0953
Solvent employed = 21735.4 +174.4 + 8210.0 = 30120 L

Solvents for reaction =42.8 +42.8 + 18.2 + 130.8 + 19.9 =255 L



CIN/SW

O:N >-"oTiPs N
N ° . BN
/ »\ 3a (1.66 kg, 1.2 equiv) N NO,
N~ “NO;
H Yonps
2 For column chromatography 9000 L OH
0.95 kg 4b: 85% after c.c.
(6.00 mol) Total amount of solvents 1.98 k
(9000.0 L) (5.40 r%ol)
O,N O,N
Z/»N N
\
N)\NOZ TBAF (1.35 kg, 1.1 equiv) /N»\O
OTIPS THF (23.5L) K‘)
THF in TBAF/THF 3.7 L
OCOCH=CHPh OCOCH=CHPh
. For workup . 019,
1929 .C. : .C.
8b: 92% after c.c AGOE 140.7 L 6b: 91% after c.c
243 kg NaHCO3aq , water and NaClaq 140.7 L 1.35 kg
(4.69 mol) (4.27 mol)

For column chromatography 23450 L

PhCH=CHCOOH (0.91 kg 1.2 equiv)
DCC (1.05 kg, 1.0 equiv)
DMAP (0.12 kg, 20 mol%)

toluene (25.5 L)
Pyridine in DCC/Pyridine 3.2 L

For workup
AcOEt 76.5 L
NaHCO3aq and NaClaq 51.0 L

For column chromatography 7650 L

Total amount of solvents
(7806.2 L)

O,N

(-C3H70),Ti (12.1 g, 1 mol%)

MeOH
(170.8 L)

For workup
MeOH 427.0 L

For filtration 128.1 L

Total amount of solvents

Total amount of solvents (72591)
(23758.6 L)
1.00
RME = =100 -¢136
0.95+1.66 + 0.91+1.05+0.12 + 1.35 + 0.012 + 1.22 + 0.0953 7.37

Solvent employed = 9000.0 + 7806.2 + 23758.6 + 725.9 + 8210.0 = 49501 L

Solvents for reaction = 25.5+ 3.2 +23.5+3.7+170.8 + 19.9=247 L

N
®

OTIPS
OCOCH=CHPh
8b: 92% after c.c.

2.43 kg
(4.69 mol)

A
N (0]
X

7: 93% after filtration.

0.74 kg
(3.97 mol)

ISR
CF30

(1.22 kg, 1.2 equiv)
NaH (95.3 g, 1.0 equiv)

DMF (19.9 L)

For workup
CH,Cl, 119.1L
NaHCOsaq , water and NaClaq 119.1 L

For column chromatography 7940 L
For recrystallization 11.9 L

Total amount of solvents
(8210.0L)

jSea

1: 70% after recryst.

1.00 kg
(2.78 mol)



CIN/IP-1

PhCH=CHCOOH (0.88 kg 1.02 equiv) O.N
[>""oTiPs 2
OoN N g (1162 ko, 1.2 equiv) DCC (1.03 kg, 0.85 equiv) )y l:l
a (1.62 kg, 1.2 equiv A2k 0
Z/»»\ DMAP (0.12 kg, 17 mol%) N/kNOz
N~ NO2 toluene (23.4 L)
H Pyridine in DCC/Pyridine 3.1 L OTIPS
2 For workup OCOCH=CHPh
0.92kg AcOEt 87.8 L 8b: 79% after c.c.
NaHCOgzaq and NaClaq 58.5 L
(5.85 mol) 2.40 kg
For column chromatography 14625 L (4.62 mol)
Total amount of solvents
(14797.8 L)
Br O,N
CF30 Z/>N
ON ON 3 . EN
2 Z’N N (1.22 kg, 1.2 equiv) N™ O
/R 4 . ZF \ _ K‘) OCF,
N)\No2 TBAF (1.33 kg, 1.1 equiv) (“CaH70)aTi (12.2., 0.93 mol%) N)\O NaH (95.3 g, 1.0 equiv) o\/©/
oTIPS THF (23.1 L) MeOH H) DMF (19.9 L)
THF in TBAF/THF 361 (18480 o 1: 70% after recryst.
OCOCH=CHPh For workup
8b: 79% after c.c. 7: 86% after reprec. CH,Cl, 119.1 L 1.00 kg
2.40 kg For column chromatography 23100 L 0.74 kg NaHCOzaq , water and NaClag 119.1 L (2.78 mol)
. For reprecipitaion 13.9 L
(4.62 mol) precip (3.97 mol) For column chromatography 7940 L
Total amount of solvents For recrystallization 11.9 L
(23325.4 L)
Total amount of solvents
(8210.0 L)
1.00 =100 -138

RME =
0.92 +1.62 +0.88 + 1.03 + 0.12 +1.33+0.0122 +1.22+0.0953 7.23

Solvent employed = 14797.8 + 23325.4 + 8210.0 = 46333 L

Solvents for reaction = 23.4 + 3.1 +23.1 +3.6 + 184.8 + 19.9 =258 L



CIN/IP-2

O,N '>/\OTIPS PhCH=CHCOOH (1.00 kg 1.02 equiv) O,N
N O . DCC (1.16 kg, 0.85 equiv) Z/>N
/ P 3a (1.83 kg, 1.2 equiv) DMAP (0.14 kg, 17 mol%) TBAF (1.73kg, 1.0 equiv) A

N NO, N~ O

H toluene (26.5 L) THF (26.5L)

2 Pyridine in DCC/Pyridine 3.5 L THF in TBAF/THF 4.7 L

OCOCH=CHPh
1.05 kg For workup 6b: 74% (mixture) after c.c.
(6.62 mol) AcOEt99.3 L
NaHCOjaq , water and NaClaq 99.3 L 1.54 kg
(4.90 mol)

For column chromatography 13240 L

Total amount of solvents

(13499.8 L)
Br O,5N
Z/»N
O:N O:N CFs0 A
N N (1.22 kg, 1.2 equiv) N™ O
/ BN ' / A OCF;
NEYe! (-C3H70)4Ti (13.9 g, 1 mol%) N~ O NaH (95.3 g, 1.0 equiv) V(j/
(0]
K‘) MeOH KH DMF (19.9 L)
OCOCH=CHPh (196.0L) OH 1: 70% after recryst.
6b: 74% (mixture) after c.c. For workup 7: 81% after filtration For workup
MeOH 490.0 L o anter fiirat CH,Cl, 119.1 L 1.00kg
1.54 kg Eor filtration 147.0 L NaHCOj;aq , water and NaClaq 119.1 L (2.78 mol)
(480 meb 0.74 %9 For col hromatography 7940 L
3.97 mol or column chromatography
Total amount of solvents ( ) For recrystallization 11.9 L
(833.0L)
Total amount of solvents
(8210.0 L)
1.00
RME = = 1.00 - 9121

1.05+1.83+1.00 + 1.16 +0.14 + 1.73 +0.0139+1.22+0.0953 8.24
Solvent employed = 13499.8 + 833.0 +8210.0 = 22543 L

Solvents for reaction =26.5+ 3.5 +26.5+4.7 +196.0 + 19.9 =277 L



N
GL/sW [»
N
(')>/\OH H o
1.27 kg, 3.0 equiv 2 PhCH=CHCOOH (0.91 kg 1.2 i
O,N (0.60kg, 1.3 equiv) (1:27 kg, 3.0 equiv) N (0.91kg 1.2 equiv)
N ~ TIPSCI (3.00 kg, 2.5 equiv) /A ) DCC (1.05 kg, 1.0 equiv)
7 »\NO CsF (0.094 kg, 0.1 equiv) pMmAP (0.23 kg, 30 mol%) N NO, DMAP (0.12 kg, 20 mol%)
N 2
toluene (25.5 L)
H
) DMF (24.9L) K‘AOT'PS Pyridine in DCC/Pyridine 3.2 L
For workup OH
0.98 kg AcOEt 180.4 L ab:82% afterc.o. | or TSP,
(6.22 mol) NaHCOs3aq , water and NaClaqg 37.3 L 198 kg NaHCOzaq and NaClag 51.0 L
5.10 mol
For column chromatography 12440 L ( ) For column chromatography 7650 L
Total amount of solvents
Total amount of solvents (7806.2 L)
(126826 L) :
O,N O.N O,N
ZFT NN N
. . \
N)\NOZ TBAF (1.35 kg, 1.1 equiv) /N»\O (-C3H70)4Ti (12.1 g, 1 mol%) N)\O
THF (23.5 L) K‘) MeOH K‘)
oTIPS THF in TBAF/THF 3.7 L (170.81)
OCOCH=CHPh OCOCH=CHPh E K OH
. For workup . Or Workup . ot
8b: 92% after c.c. AGOE 140.7 L 6b: 91% after c.c. MeOH 427.0 L 7: 93% after filtration.
2.43 kg NaHCO3aq , water and NaClaq 140.7 L 1.35kg For filtration 128.1 L 0.74 kg
(4.69 mol) (4.27 mol) (3.97 mol)
For column chromatography 23450 L Total amount of solvents
Total amount of solvents (7259L)
(23758.6 L)
1.00
RME = = 100 0091
0.98 + 0.60 + 0.094+1.27+3.00+0.23+0.91+1.05+0.12 + 1.35 + 0.012 + 1.22 + 0.0953 10.93

Solvent employed = 12682.6 + 7806.2 + 23758.6 + 725.9 + 8210.0 = 53183 L

Solvents for reaction =24.9 +255+3.2+235+3.7+170.8 +19.9=272 L

o,N
N
L}
N)\No2

OTIPS
OCOCH=CHPh
8b: 92% after c.c.

2.43 kg
(4.69 mol)

ISR
CF30

(1.22 kg, 1.2 equiv)
NaH (95.3 g, 1.0 equiv)

DMF (19.9 L)

For workup
CH,Cl, 119.1L
NaHCOsaq , water and NaClaq 119.1 L

For column chromatography 7940 L
For recrystallization 11.9 L

Total amount of solvents
(8210.0L)

jSea

1: 70% after recryst.

1.00 kg
(2.78 mol)



N

GL/IP-1 4 )
N
H

> OH
o (?0 56 kg, 1.3 equiv) (1.25 kg, 3.0 equiv) O2N \ PhCH=CHCOOH (0.89 kg 1.2 equiv) O,N
. 1. uiv .
N J a TIPSCI (2.95 kg, 2.5 equiv) Zf»\ DCC (1.04 kg, 1.0 equiv) Zf'{'
/N»\Noz CsF (0.093 kg, 0.1 equiv) DMAP (0.22 kg, 30 mol%) N~ NO, DMAP (0.12 kg, 20 mol%) N)\NOz
H DMF (24.5 L K‘A toluene (25.1 L)
) (245L) OTIPS  pyridine in DCC/Pyridine 3.2 L oTIPS
FAor(;vIgtrk‘:J?? 5L OH F K OCOCH=CHPh
C : 4b: 82% after c.c. or workup )
?é9172kng10|) NaHCOsaq , water and NaClaq 36.7 L ° AcOEt 75.3 L 8b: 92% after c.c.
' 1.95 kg NaHCOsaq and NaClag 50.2 L 2.40 kg
For column chromatography 12240 L (5.02 mol) (4.62 mol)
Total amount of solvents For column chromatography 7530 L
(12478.7 L) Total amount of solvents
(7683.8 L)
Br O,N
cr 0 I
3 \
O2N27N N (1.22 kg, 1.2 equiv) N™ O
/AR - _ /3 , H) OCF,
N)\Noz TBAF (1.33 kg, 1.1 equiv) ("CsH70)aTi (12.2.9, 0.93 mol%) N)\O Nar (5599, 1.0 equv) Oﬁ
OTIPS THF (23.11) MeOH KH DMF (19.9 L)
¥ ootecrpr THFin TBAF/THF 3.6 L (184.81) 1 1: 70% after recryst.
- For workup
8b: 92% after c.c. 7: 86% after reprec. CH,Cl, 119.1 L 12-0708k9 |
2.40kg For column chromatography 23100 L 0.74 kg NaHCOsaq , water and NaClaq 119.1 L (2.78 mol)
) For reprecipitaion 13.9 L
(4.62 mol) precip (3.97 mol) For column chromatography 7940 L
For recrystallization 11.9 L

Total amount of solvents
(23325.4 L)

1.00

Total amount of solvents
(8210.0 L)

= & =0.093

RME =

10.78

0.97 +0.59 + 0.093 + 1.25 + 2.95 + 0.22 + 0.89 + 1.04 + 0.12 +1.33+0.0122 +1.22+0.0953
Solvent employed = 12478.7 + 7683.8 + 23325.4 + 8210.0 = 51698 L

Solvents for reaction =24.5+25.1+3.2+23.1+3.6 +184.8+19.9=284 L



N
GL/IP-2 [»
N
5o H on
1.37 kg, 3.0 equiv 2
O2N (0.65 kg, 1.3 equiv) ( ¢ a ) N
N TIPSCI (3.24 kg, 2.5 equiv) ] »\
/ W CsF(0.10kg,0.1equiv) DMAP (0.25 kg, 30 moi%) N~ NO,
N~ NO,
H DMF (26.9 L) K‘AOT,PS
2 For workup OH
1.06 kg AcOEt 194.9L 4b: 82% after c.c.
(6.72 mol) NaHCOsaq , water and NaClaq 40.3 L 214 kg
For column chromatography 13440 L (5.51 mol)
Total amount of solvents
(137021 L)
Br O,N
CF30 Zf \
ON PhCH=CHCOOH (0.98 kg 1.2 equiv) O2N 8 . N)\O
N ) N (1.22 kg, 1.2 equiv)
/i be DCC (1.14 kg, 1.0 equiv) _ / N . OCF4
N~ N0, DMAP (0.13 kg, 20 mol%) TBAF (1.44 kg, 1.1 equiv) (-C3H70),Ti (14.56 g, 0.93 mol%) N" 0 NaH (95.3 g, 1.0 equiv) ﬁ
(0]
276 L THF (22.0 L MeOH
HAOTIPS toluene (27.6 L) ( ) (2204 L) DMF (19.9 1)
OH Pyridine in DCC/Pyridine 3.5  THF in TBAF/THF 3.91 L OH 1: 70% after recryst.
. For workup
4b: 82% after c.c. 7: 72% after reprec.
% after c.c For column chromatography 16530 L ’ P CHyCl, 119.1L 100 kg
214 kg For reprecipitation 8.3 L 0.74 kg NaHCOsaq , water and NaClaq 119.1 L (2.78 mol)
(5.51 mol) (3.97 mol)
For column chromatography 7940 L
Total amount of solvents For recrystallization 11.9 L
(16815.7 L)
Total amount of solvents
(8210.0 L)
1.00
RME = = 1.00 -0 086

1.06 +0.65 +0.10 + 1.37 + 3.24 + 0.25 + 0.98 + 1.14 + 0.13 +1.44 + 0.01456 +1.22+0.0953
Solvent employed = 13702.1 + 16815.7 + 8210.0 = 38728 L

Solvents for reaction = 26.9+ 27.6 + 3.5 +22.0 + 3.91 +220.4+19.9=324 L

11.69



PG process/SW (stepwise)

O,N
O,N >-"otBs N
N 0 . BN 1 1
/N»\NOZ 3a (1.54 kg, 1.5 equiv) N NO, RME = _ = = 0417
0.86+ 1.54 E
H EtOH (0.545 L) K(\OTBS
2 For column chromatography 8175 L OH Solvent employed = 8176 L
0.86 kg 4a: 53% after c.c.
(5.45 mol) Total amount of solvents 1.00 kg Solvents for reaction = 0.545 L
(8175.5L) (2.89 mol)
OZNZ»N O,N
N DHP (0.49 kg, 2.0 equiv) Z>N
N)\NOZ PPTS (1.11 kg, 1.5 equiv) /N»\Noz 1 1
CHJCI, (14.7 L RME= ———— = —— =0.382
oTBS - ; 2 ( ) K(\OTBS 1.02+0.49 + 1.11 2.62
OH or workup OTHP
CH,Cl, 44.1L =
4a NaHCOsaq , water and NaClaq 44.1L  5: 79% after c.c. Solvent employed = 5983 L
1.02 kg P,
(2.94 mol) For column chromatography 5880 L 1.00 kg Solvents for reaction = 14.7 L
(2.32 mol)
Total amount of solvents
(5982.9 L)
OQNZ»N 0N
/A Z‘N
N)\NOZ TBAF (3.98 kg, 3.0 equiv) /N»\O — 1 C e
OTBS THF (25.4 L) 219 +3.98 6.17
OTHP THF in TBAF/THF 10.8 L
For workup OTHP Solvent employed = 20661 L
. 0,
5 CHCI5 152.4 L 6a: 73% after c.c. .
2.19 kg NaHCOsaq , water and NaClaq 152.4 L 1.00 kg Solvents for reaction = 25.4 + 10.8 =36.2 L
(5.08 mol) (3.71 mol)
For column chromatography 20320 L
Total amount of solvents
(20661.0 L)
O,N O,N
\ I
/ BN 3N 1
N"O - N" O RME= ——— =0543
H) CH3COOH/THF/H,0 K‘) :
359L
OTHP ( ) OH Solvent employed = 53 L
6a For recrystallization 17.1 L 7: 79% after recryst.
100k Solvents for reaction = 35.9 L
1.84 kg Total amount of solvents - 9
(6.84 mol) (53.0L) (5.40 mol)
/©/\Br O,N
N
OMN CF50 Zf .
Z/’»\ (1.22 kg, 1.2 equiv) N™ "0
N° O NaH (95.3 g, 1.0 equi OCFs
aH (95.3 g, 1.0 equiv) 1 ]
K‘) o RME= —— = — 1 =0485
S DMF (19.9 L) 0.74+ 1.22 + 0.0953 2.06
For workup 1: 70% after recryst.
7 CH,Cl, 119.1 L Solvent employed = 8210 L
074 k NaHCOsaq , water and NaClaq 119.1 L 1.00 kg
[0K9 (2.78 mol) Solvents for reaction = 19.9 L

(3.97 mol) For column chromatography 7940 L

For recrystallization 11.9 L

Total amount of solvents
(8210.0L)



THP/SW (stepwise)

02N
O:N OTIPS N
N 0 , BN
/ »\ 3b (835 g, 1.2 equiv) NO,
NO N
N 2 RM
H oTIPS
2 For column chromatography 4530 L OH
477 g 4b: 85% after c.c.
(3.02 mol) Total amount of solvents 1.00 k
-UU kg
(45301L) (2.57 mol)
N ; N
Z/‘ \ DHP (616 g, 3.0 equiv) ZF
\
N)\NOZ PPTS (123 g, 20 mol%) N/kNOz
OTIPS toluene (12.2 L) H/\OTIPS
OH For workup
ACOEt 36.6 L OTHP
4b NaHCOzaq and NaClaq 24.4 L 8a: 87% after c.c.
948
(2.44?mo|) For column chromatography 4880 L 2é0102kr?'|ol)
Total amount of solvents
(4953.2 L)
O,N ON
T3 )
N)\No2 TBAF (3.59 kg, 3.0 equiv) /N»\O
K‘AOTIPS THF (22.9 1) K‘)
THF in TBAF/THF 9.76 L
OTHP OTHP
For workup . qq0,
8a CHCI, 137.4 L 6a: 81% after c.c.
2.16 kg NaHCOgzaq , water and NaClaq 137.4 L 1.00 kg
(4.58 mol) (3.71 mol)

O.N

y N
\
3
OTHP
6a

1.60 kg
(5.93 mol)

O,N
N
7}
J
OH

7

0.74 kg
(3.97 mol)

For column chromatography 22900 L

Total amount of solvents
(23207.5L)

O,N

12N-HCI

MeOH
(177.9L)

For recrystallization 59.3 L

Total amount of solvents
(237.2L)

Qe
CF30

(1.22 kg, 1.2 equiv)
NaH (95.3 g, 1.0 equiv)

DMF (19.9 L)

For workup
CH,Cl, 119.1L

NaHCOgzaq , water and NaClaq 119.1 L

N (@]
I

7: 91% after recryst.

1.00 kg
(5.40 mol)

(e

1: 70% after recryst.

1.00 kg
(2.78 mol)

For column chromatography 7940 L

For recrystallization 11.9 L

Total amount of solvents
(8210.0 L)

477+835

1000 _ 1000 _ 76

1312

Solvent employed = 4530 L

1000
948+ 616 + 123

= 1000 - o503
1687

RME =

Solvent employed = 4953 L

Solvents for reaction = 12.2 L

1

=1 -04174
2.16 + 3.59

5.75

RME =

Solvent employed = 23208 L

Solvents for reaction =22.9 + 9.76 = 32.7 L

1
RME= —— =0.625

1.60

Solvent employed = 237 L

Solvents for reaction = 177.9 L

1
RME = =1
0.74+ 1.22 + 0.0953 2.06

=0.485

Solvent employed = 8210 L

Solvents for reaction = 19.9 L



THP/IP-1 (stepwise)

ON OTIPS OaN
Z/»N & DHP (676 g, 3.0 equiv) %Ql
3b (741 g, 1.2 equiv 9 1000
N»\Noz (7419,1.2 equiv)  PPTS (135 g, 20 mol%) N)\Noz I - 1000 _ o506
H toluene (13.4 L) Y 424+ 741 + 676 + 135 1976
OTIPS
2 For workup Solvent employed = 6780 L
ACOEt40.2 L OTHP ploy
424 g NaHCOsaq and NaClag 26.8 L 8a: 79% after c.c.
(2.68 mol) 3 ’ Solvents for reaction = 13.4 L
1.00 kg
For column chromatography 6700 L (2.12 mol)
Total amount of solvents
(6780.4 L)
O,N O,N
N N
/ »\ / »\ 1 1
N~ “NO TBAF (6.14 kg, 3.0 equiv) 12N-HCI [Nie} RME = W = oer =0.102
70 + 6. .
oTIPS THF (39.2 L) MeOH (234.9L) H)
OTHP THF in TBAF/THF 16.7 L OH Solvent employed = 31634 L
7: 69% after reprec.
8a Eg: fgrl)l:;?p(i:tgrt%mnaztggsral_phy 313201 ° P Solvents for reaction = 39.2 + 16.7 + 234.9 =290.8 L
3.70 kg ) 1.00 kg
(7.83 mol) (5.40 mol)
Total amount of solvents
(31634.3 L)

Br O,N
O.N N
N CF30 BN
ZF\ (1.22 kg, 1.2 equiv) N” 0
N0 OCF,4
NaH (95.3 g, 1.0 equiv) 1
H) 0 RME= — =1 —ous5
0.74+ 1.22 + 0.0953 2.06
OH

DMF (19.9 L)
For workup 1: 70% after recryst.
7 CH,Cl, 119.1L Solvent employed = 8210 L
0.74 kg NaHCOsaq , water and NaClaq 119.1 L 12-0_;)8k9 | '
(?; 97 mol) (2.78 mol) Solvents for reaction = 19.9 L
: For column chromatography 7940 L

For recrystallization 11.9 L

Total amount of solvents
(8210.0 L)



THP/IP-2 (stepwise)

0N
N
5
N)\No2
H

2

1.15 kg
(7.27 mol)

OTHP
6a

1.60 kg
(5.93 mol)

oN

N
J \
“Q"
OH
7

0.74 kg
(3.97 mol)

OTIPS

DHP (1.83 kg, 3.0 equiv)

3b (2.01 kg, 1.2 equiv) PPTS (0.365 kg, 20 mol%) TBAF (5.70 kg, 3.0 equiv)

O,N

toluene (36.4 L)

For workup

CHCI3 109.1 L

THF (36.4 1)
THF in TBAF/THF 15.5 L

NaHCOgsaq , water and NaClag 109.1 L

For column chromatography 18175 L

Total amount of solvents
(18481.5L)

12N-HClI

MeOH
(177.91)

For recrystallization 59.3 L

Total amount of solvents
(237.21)

e
CF30

(1.22 kg, 1.2 equiv)
NaH (95.3 g, 1.0 equiv)
- - 5

DMF (19.9 L)

For workup
CH,Cl, 119.1 L

O,N

A
Y
OH

7: 91% after recryst.

1.00 kg

(5.40 mol)

NaHCOsaq , water and NaClaq 119.1 L

For column chromatography 7940 L

For recrystallization 11.9 L

Total amount of solvents
(8210.0L)

jSe

1: 70% after recryst.

1.00 kg
(2.78 mol)

Z/»N

\

03
OTHP

6a: 51% after c.c.

1.00 kg
(3.71 mol)

RME = =0.625

1
1.60
Solvent employed = 237 L

Solvents for reaction = 177.9 L

1
RME =

Solvent employed = 8210 L

Solvents for reaction = 19.9 L

0.74+1.22 + 0.0953

1

RME =

1.15+2.01 + 1.83 +0.365 + 5.70

Solvent employed = 18482 L

1

11.06

Solvents for reaction = 36.4 + 36.4 + 15.5=88.3 L

=1 _-0u485
2.06

=0.090



CIN/SW (stepwise)

O,N
ON >-"otips N
N 0 BN
/A 3b (835 g, 1.2 equiv) N~ NO,
N N02
H K‘AonPs
2 For column chromatography 4530 L OH
4779 4b: 85% after c.c.
(3.02 mol) Total amount of solvents 1.00 kg
(45301L) (2.57 mol)
O,N PhCH=CHCOOH (373 g 1.2 equiv) O.N
N DCC (433 g, 1.0 equiv) N
/A o /A
N/kNOz DMAP (51.3 g, 20 mol%) N)\NOz
toluene (10.5 L)
H/\OHPS Pyridine in DCC/Pyridine 1.3 L OTIPS
OH For workup OCOCH=CHPh
4b AcOEt 31.5L 8b: 92% after c.c.
NaHCO3aq and NaClaq 21.0 L
816 g 584 . 1.00 kg
(210 mol) For column chromatography 3150 L (1.93 mol)
Total amount of solvents
(3214.3L)
O:N O,N
Z/»N j';‘
\
N)\No2 TBAF (1.00 kg, 1.1 equiv) N)\O
THF (17.4 1)
oTPs THF in TBAF/THF 2.7 L
OCOCH=CHPh n : OCOCH=CHPh
8b For workup 6b: 91% after c.c.
AcOEt 104.4 L
1.80 kg NaHCOgzaq , water and NaClaq 104.4 L 1.00 kg
(3.48 mol) (3.17 mol)
For column chromatography 17400 L
Total amount of solvents
(17628.9 L)
O,N O,N
ZFS\ (-C3H70),Ti (16.5 g, 1 mol%) / 3\
= 1 . N
N0 3H70)4 ¢} o N~ 0
MeOH K‘)
(232.4 L)
OCOCH=CHPh ¢ o OH
b MeOH 581.0 L 7: 93% after filtration
For filtration 174.3 L 1.00 kg
1.83 kg (5.40 mol)
(5.81 mol) Total amount of solvents
(987.7L)
Br O2N
o.N N
CANIN CF30 ] N
J b (1.22 kg, 1.2 equiv) N™ "0
N (o) . OCF3
NaH (95.3 g, 1.0 equiv)
k‘) 5
o DMF (19.9 L)
For workup 1: 70% after recryst.
7 CH,Cl, 119.1L 100k
NaHCOs,aq , water and NaClag 119.1 L -UU kg
0.74 kg 544 . (2.78 mol)
(3.97 mol) For column chromatography 7940 L

For recrystallization 11.9 L

Total amount of solvents
(8210.0L)

RME =

1000
477+835

= 1000 = ¢ 762
1312

Solvent employed = 4530 L

1000
816 + 373 +433 +51.3

= 1000 - ¢ 598
1673

RME =

Solvent employed = 3214 L

Solvents for reaction =10.5 + 1.3 =11.8L

;
RME= —— = ' =0357
1.80 + 1.00

2.8

Solvent employed = 17629 L

Solvents for reaction = 17.4 + 2.7 =20.1L

1 1
= —————— = = =0541
RME 1.83 +0.0165 1.85
Solvent employed = 988 L

Solvents for reaction = 232.4 L

1
RME= ——M8M = 1
0.74+ 1.22 + 0.0953

Solvent employed = 8210 L

Solvents for reaction = 19.9 L



CIN/IP-1 (stepwise)

LN
J N
\
1
N)\NOQ RME = 000 = 1000 - o504
386 + 675 + 369 + 428 + 50.7 1909
OTIPS
OCOCH=CHPh Solvent employed = 6172 L
8b: 79% after c.c.
Solvents for reaction =9.8 + 1.3 = 11.1L
1.00 kg
(1.93 mol)
O,N
! ! 0.196
R S ——— o =0
3.26 + 1.81 + 0.0166 5.09

7: 86% after reprec.

OCF,

O,N ’>/\OTIPS PhCH=CHCOOH (369 g 1.02 equiv) (@]
N S ~ DCC (428 g, 0.85 equiv)
/ N 3b (6759, 1.2 equiv) DMAP (50.7 g, 17 mol%)
N~ “NO,
H toluene (9.8 L)
2 Pyridine in DCC/Pyridine 1.3 L
For workup
T ACOEt 36.6 L
(244 mol) NaHCOsaq and NaClag 24.4 L
For column chromatography 6100 L
Total amount of solvents
(6172.1 L)
O,N
N
8N o ! 0
N~ NO, TBAF (1.81 kg, 1.1 equiv) (-C3H70)4Ti (16.6 g, 0.93 mol%)
oTIPS THF (31.4 L) MeOH
) 251.2L)
THF in TBAF/THF 4.9 L (
OCOCH=CHPh n
8b For column chromatography 31400 L
3.26 kg For reprecipitation 18.8 L
(6.28 mol)
Total amount of solvents
(31706.3 L)
Br O.N
ON N
CANEN CF50 / N
) N (1.22 kg, 1.2 equiv) N™ "0
N" 0 NaH (95.3 g, 1.0 equiv) H)
k‘) S
L DMF (19.9 L)
For workup 1: 70% after recryst.
7 CH,Cl, 119.1L 100k
NaHCOg3aq , water and NaClaq 119.1 L 0 kg
0.74 kg +aq q (2.78 mol)
(3.97 mol) For column chromatography 7940 L

For recrystallization 11.9 L

Total amount of solvents
(8210.0L)

Solvent employed = 31706 L

B
N (0]
L

OH

Solvents for reaction =31.4 +4.9 + 251.2=287.5L

1.00 kg
(5.40 mol)
1 1
RME = =1 _=0485
0.74+ 1.22 + 0.0953 2.06

Solvent employed = 8210 L

Solvents for reaction = 19.9 L



CIN/IP-2 (stepwise)

OTIPS

PhCH=CHCOOH (647 g 1.02 equiv)
DCC (751 g, 0.85 equiv)

oN
Z/»N
TBAF (1.12kg, 1.0 equiv) N»\O

O:N
N O
4 N 3a (1.18 kg, 1.2 equiv) DMAP (88.9 g, 17 mol%)
N~ NO,
H

toluene (17.1 L) THF (17.1 L)

Pyridine in DCC/Pyridine 2.3 L

2
677 g For workup
(4.28 mol) AcOEt64.2 L
NaHCOgaq , water and NaClaq 64.2 L
For column chromatography 8560 L
Total amount of solvents
(8727.91)
O,N OyN
N . B
4 N ﬂ\o (-C3H70),Ti (19.0g, 1 mol%) N)\O
MeOH H)
(266.8 L)
OCOCH=CHPh £ oun OH
. 819, S
6b: mixture MeOH 667.0 L 7: 81% after filtration.
For filtration 200.1 L 1.00 kg
261 6o kg (5.40 mol)
(6:67 mol) Total amount of solvents
(1133.9L)
Br O,N
O,N N
NN CF30 ] N
J Y (1.22 kg, 1.2 equiv) N™ "0
N~ 0 ) OCF3
NaH (95.3 g, 1.0 equiv)
\‘) — s
OH DMF (19.9 L)
For workup 1: 70% after recryst.
7 CH,Cl; 119.1L 100k
NaHCOgsaq , water and NaClaq 119.1 L R ¢}
0.74 kg 339 q (2.78 mol)
(3.97 mol) For column chromatography 7940 L

For recrystallization 11.9 L

Total amount of solvents
(8210.0L)

THF in TBAF/THF 3.0 L

OCOCH=CHPh
6b: 74% (mixture) after c.c.

1.00 kg
(3.17 mol)

1000
677 + 1180 + 647 + 751 + 88.9 + 1120

RME =
4464

Solvent employed = 8728 L

Solvents for reaction = 17.1+ 2.3 + 17.1 + 3.0 = 39.5L

1

RME= ————— = 5., =0472
2.10 +0.0190 2.12
Solvent employed = 1134 L
Solvents for reaction = 266.8 L
1 1
RME= ——————— = —— =0485

0.74+ 1.22 + 0.0953 2.06
Solvent employed = 8210 L

Solvents for reaction = 19.9 L

= 1000 — 204



GL/SW (stepwise)

N
4@

> oH
o 639 g, 3.0 equiv, ON
O2N (301 g, 1.3 equiv) (6399 quiv) N
N ) TIPSCI (1.51 kg, 2.5 equiv) /A »\
/ N CsF (489,0.1equiv)  DMAP (115 g, 30 mol%) N~ ~NO,
N~ “NOy
H DMF (12.5 L) OTIPS
2 For workup OH
495¢ AcOEt 90.8 L 4b: 82% after c.c.
(3.13 mol) NaHCOjaq , water and NaClaq 18.8 L 100 kg
For column chromatography 6260 L (2.57 mol)
Total amount of solvents
(6382.1L)
O,N PhCH=CHCOOH (373 g 1.2 equiv) O,N
N DCC (433 g, 1.0 equiv) y N
\
Z/;»\NOZ DMAP (51.3 g, 20 mol%) N)\NOz
toluene (10.5 L)
OTIPS Pyridine in DCC/Pyridine 1.3 L OTIPS
OH For workup OCOCH=CHPh
4b AcOEt31.5L 8b: 92% after c.c.
NaHCO3aq and NaClaq 21.0 L
816 g 1.00 kg
(2.10 mol) For column chromatography 3150 L (1.93 mol)
Total amount of solvents
(32143 1)
ON O,N
¥ X
\ \
N)\Noz TBAF (1.00 kg, 1.1 equiv) N)\O
THF (17.4 L)
oTiPS THF in TBAF/THF 2.7 L
OCOCH=CHPh n : OCOCH=CHPh
8b For workup 6b: 91% after c.c.
AcOEt 104.4 L
1.80 kg NaHCOsaq , water and NaClaq 104.4 L 1.00 kg
(3.48 mol) (3.17 mol)
For column chromatography 17400 L
Total amount of solvents
(17628.9 L)
O,N O2N
- aN
\ -C3H70)4Ti (16.5 g, 1 mol%
o (-C3H;0)Ti (16,5 ) N o
MeOH H)
(2324 L)
OCOCH=CHPh ¢ o OH
- 939 i i
6b MeOH 581.0 L 7: 93% after filtration.
For filtration 174.3 L 1.00 kg
1-831k9 | (5.40 mol)
(581 mol) Total amount of solvents
(987.7L)
gBr O,N
N
ON \ CF30 Z/> .
Z/’»\ (1.22 kg, 1.2 equiv) N~ "0
N (o) . OCF3
NaH (95.3 g, 1.0 equiv)
k‘) 5
L DMF (19.9 L)
For workup 1: 70% after recryst.
7 CH,Cl, 119.1L 100k
NaHCOs3aq , water and NaClag 119.1 L U0 kg
0.74 kg 384 q (2.78 mol)
(3.97 mol)

For column chromatography 7940 L
For recrystallization 11.9 L

Total amount of solvents
(8210.0 L)

1000

RME =
495 + 301 + 48 + 639 + 1510 + 115

Solvent employed = 6382 L

Solvents for reaction = 12.5 L

1000
816 + 373 + 433 +51.3

= 1000 - ¢598

RME =
1673

Solvent employed = 3214 L

Solvents for reaction = 10.5 + 1.3 = 11.8L

1 1
RME = = —=0357

1804100 28
Solvent employed = 17629 L

Solvents for reaction = 17.4 + 2.7 =20.1 L

1 I
1.85

= = =0.541
RME 1.83 + 0.0165
Solvent employed = 988 L
Solvents for reaction = 232.4 L
1 1
RME = = =0.485
0.74+ 1.22 + 0.0953 2.06

Solvent employed = 8210 L

Solvents for reaction = 19.9 L

= 1000 - 320
3108



GL/IP-1 (stepwise)

N
4@

> oH
o 639 g, 3.0 equiv, OzN
O2N (301 g, 1.3 equiv) (6399 quiv) N
N ) TIPSCI (1.51 kg, 2.5 equiv) /A »\
/ N CsF (489,0.1equiv)  DMAP (115 g, 30 mol%) NO,
N
N~ "NOy
H DMF (12.51) K‘/\OTIPS
2 For workup OH
495¢ AcOEt 90.8 L 4b: 82% after c.c.
(3.13 mol) NaHCOjaq , water and NaClaq 18.8 L 100 kg
For column chromatography 6260 L (2.57 mol)
Total amount of solvents
(6382.1L)
O,N PhCH=CHCOOH (373 g 1.2 equiv) O,N
N DCC (433 g, 1.0 equiv) N
/A 0 /R
Z;)\NOZ DMAP (51.3 g, 20 mol%) N)\NOz
toluene (10.5 L)
H/\o'nps Pyridine in DCC/Pyridine 1.3 L OTIPS
OH For workup OCOCH=CHPh
4b AcOEt31.5L 8b: 92% after c.c.
NaHCO3aq and NaClaq 21.0 L
816 g 1.00 kg
(2.10 mol) For column chromatography 3150 L (1.93 mol)
Total amount of solvents
(3214.3 L)
O,N O,N
N
Z/>»\ A i, T 0,
N NO, TBAF (1.81 kg, 1.1 equiv) (-C3H;0)4Ti (16.6 g, 0.93 mol%)
oTIPS THF (31.4 1) MeOH
THF in TBAF/THF 4.9 L (251.21)
OCOCH=CHPh
8b For column chromatography 31400 L
3.26 kg For reprecipitation 18.8 L
(6.28 mol)
Total amount of solvents
(31706.3 L)
Br O,N
O,N N
N o CF,0 ] N
// . (1.22 kg, 1.2 equiv) N™ O
OCF
N~ 0 NaH (95.3 g, 1.0 equiv) KH 3
kH 5
L DMF (19.9 L)
For workup 1: 70% after recryst.
7 CH,Cl, 119.1L 100K
NaHCOsaq , water and NaClag 119.1 L -0V kg
0.74 kg 544 8 (2.78 mol)
(3.97 mol) For column chromatography 7940 L

For recrystallization 11.9 L

Total amount of solvents
(8210.0 L)

7: 86% after reprec.

1000
RME = = 1000 _ g 322
495 + 301 + 48 + 639 + 1510 + 115 3108
Solvent employed = 6382 L
Solvents for reaction = 12.5 L
1000
RME = = 1000 - (598
816 + 373 + 433 + 51.3 1673
Solvent employed = 3214 L
Solvents for reaction = 10.5 + 1.3 = 11.8L
! ! 0.196
RME=—""7""=""="- = z2ra =0
3.26 + 1.81 + 0.0166 5.09

B
N@;
OH Solvent employed = 31706 L
Solvents for reaction =31.4 +4.9+251.2=2875L

1.00 kg
(5.40 mol)

1
0.74+1.22 + 0.0953

1

2.06

=0.485

RME =

Solvent employed = 8210 L

Solvents for reaction = 19.9 L



GL/IP-2 (stepwise)

N
[H»

>"oH
o 639 g, 3.0 equiv 0N
O2N (301 g, 1.3 equiv) (6399 quiv) N
Z/»N CSF (48 4 04 aui TIPSCI (1.51 kg, 2.5 equiv) J N RVE = 1000 = 1000 (300
N»\NOQ o (99,01 equN)  DMAP (115, 30 mol%) N7 NC: 495+301+48+639+ 1510+ 115 3108
H DMF (12.5 L
2 ( ) K&\OTIPS Solvent employed = 6382 L
For workup
495¢ AcOEt 90.8 L 4b: 82% after c.c. o
(3.13 mol) NaHCOsaq , water and NaClaq 18.8 L 100 kg Solvents for reaction = 12.5 L
For column chromatography 6260 L (2.57 mol)
Total amount of solvents
(6382.1L)
O,N PhCH=CHCOOH (1.33 kg 1.2 equiv) O,N
y N DCC (1.55 kg, 1.0 equiv) ) )y ':l
»\NOZ DMAP (0.183 kg, 20 mol%) TBAF (1.96 kg, 1.0 equiv) (-C3H70)4Ti (19.8 g, 0.93 mol%) N)\O
N
toluene (37.5 L) THF (30.0 L) MeOH
H/\oﬂps Pyridine in DCC/Pyridine 4.7 L THF in TBAF/THF 5.3 L (300.0L)
OH
OH
4b 7: 86% after reprec.
For column chromatography 22500 L
2.91 kg For reprecipitation 11.3 L 1.00 kg
(7.50 mol) (5.40 mol)
1 1
= = S or =012
(TZoz'glsgngoLu)m ofsolvents RME = 91+ 1.33+ 155 +0.183 + 1.96 + 0.0198 795 - 01%

Solvent employed = 22889 L

Solvents for reaction = 37.5 +4.7 + 30.0 + 5.3 + 300.0 =377.5L

Br O,N
O3N N
2 ( CF;0

(1.22 kg, 1.2 equiv) N™ "0

) N
\\
N)\O ) OCF,4
NaH (95.3 g, 1.0 equiv) 1 1
H) - o) RME= — =1 =0485
DMF (19.9 1)
OH

0.74+ 1.22 + 0.0953 2.06

For workup 1: 70% after recryst.
7 CH,Cl, 119.1L Solvent employed = 8210 L
0.74 k NaHCOsaq , water and NaClaq 119.1 L 1.00 kg
(3.97 rio,) (2.78 mol) Solvents for reaction = 19.9 L

For column chromatography 7940 L
For recrystallization 11.9 L

Total amount of solvents
(8210.0 L)



