Attachment 17

T
BMRI SRC AV-300 (S m
location; 10

Compound B

AMRI'GLOBAL
SMARTSOURCING"

Name_[P 1 X‘(
pas__ 3 126 (2014
ws#_09PKons
WAME 03DX025
EXEHO 30
N PROCRO b
Date_ 20140326
Time 10.20
INSTRUM spect
PROBHD 5 wm QNP 1H/13
PULBROG 2930
o] 32768
SOLVENT Ok
ng 16
ng 2
sun 6172.839 Hz
PIDRES 0.188380 Hz
AQ 2.6542580 sec
RG 362
o 81.000 usec
DE 6,00 usec
TE 300.0 X
28 1.00000000 sec
Fih) 1
C £l ==
NueL i
P 12,75 usec
PLL 2,00 dB
SFOL 360,1418534 Milz
SI 16384
8F 300.1400000 MHz
woW B
L 388 o
A N LR 0.30 Hxz
G8 0
PC 3.00

4.528%

1
ppm

<
o
& -]
L2
B
=
o

Aol whn) o -

wiholetol (o o

ololnirln (o] S

Oioiniolo = il

Bt it et R e T

edolelef e |
Ll




Attachment 18

AMRI SRC AW-300

location; 10
Compound 25
MMMMJAW
¥ T Ll i T ¥
Ed 8 5 4 3 o ppm
) i3] ey L b2 et i) o~
iy ¢ e . i i oy € g i 1
o Caili=l Lal e < Iad i uy;
o Bt 1 B g 8 2 i < © o
&5 ettle] | i - - o -

AMRIELOBAL
SMARTSOURCING”

Name__(3€ € (KL
Date (}7\"@./)0“{'
o096 (2292

HNAME 28GB2O1
EXPNO P
PROCNO 1

Date 20140318

Time 13.36
INSTRUM spect
PROBHD 5 wmm QNP 1H/13
PULPROG z2g30

T 32768
SOLVENT CRCLy

NS 16

ng 2

i1 6172,839 Huz
FIDRES 0,188380 Hz
A 2.6542580 sec
RG 20.%

o 81.000 usec
DE 6.00 uses
TE 300.0 K
D1 1.00000000 sec
THo 1
sesnssss CHANNEL £l sszsswse
RUCL 1M

il 12,75 usec
PL 2,00 dB
SPOL A00.1418534 MBz
5% 16384

8F 300.3400000 MHz
wWDW EM

558 0

LB 0.30 Hz
GB o

PC 1.00




Attachment 19

AMRI SRC AV-300
location; 10

25.5380

Compound 26 AMRIELOBAL
jrointeseiusttemii)
SMARTSOQURCING”
. o
‘
Name__ (7} € f/[[»a&
Date, 03/3—(2'}'2'0)%?
ned__DQGRDI2-B
NAME 09GRO3Z2E
EXPNO 20
PROCNG 1
Date_ 20140326
‘Time 15,012
INSTRUM spect
PROBHD 5 mm QNP 1H/13
PULPROG 2g30
T8 A2TRE
SOLVENT CDCiz
NS 16
s 2
SWH 6172.839 Hz
FIDRES 0.188380 Hu
A 2.6532580 sec
RG 36!
oW 81,000 usec
DE 6.00 usec
TE 300.0 X
D1 1.00000000 sec
™o 1
C £1
NUCL 1H
Py 12.75 usec
PLi 2.00 ag
SFO1 300.1418534 MH2
;34 16384
sF 300.1400000 MBz
Wow EM
58B ]
LB 0.30 Hz
GB 9
BC 1.00
T T T T T T
5 4 3 2 0 ppm
b had O u Bkl )] 3 il O o4
i3] Rt B | et BB L Bt <o ot il hu) o0
o4 et o e | feeilop o~ 1=l bt (Nt iv] 1
St d ed | S A | A T 2 et B S I I
i vilm “ aital (- H‘ i | m ™




RE: TNAT77HT77 bt T I NEREKDERRITIEDHEL
&S © 9067

FHYFE - Lei Liu, Ph.D. (Albany Molecular Research, Inc)
23 .  Jianxie Chen, Ph.D. (Albany Molecular Research, Inc)

B W T () Crosfbim ARNEER BEEE O

R 26 423 A 31 H

¥ ARt

KR ESZIIRHKEET 56 B



1.0
20
3.0

3.1
32
33

4.0

4.1
42
43

S 1
DELIVERY SUMMARY e 3
INT R OD U CTION e 5
RESULTS AND DISCUS STON e 11
SYNTHESIS OF COMPOUND A e 11
SYNTHESIS OF COMPOUND B e 22
SYNTHESIS OF COMPOUND RCAT-56 . 27
EXPE RIMEN TA L e 28
PREPARATION OF COMPOUND A e 20
PREPARATION OF COMPOUND B e 32



4
g TR

1) AN—T v bR B NICINEDM L

B2 OAREBICBNT, YPDOFEL KB L CHEXE7ZINEIX Preparation A © 1 & 2
(Scheme?2) %, HHRWETH o7z, Compound 1 30g (HFDOFED 2ERr—) TO
K oBtE L, Ktk TLCIC X VBB L2, RIGEEITEL 1 BB LB LEBNET
LTWe, ZOHEABIFKD 100g A7 —VORKISIZBWTHBEI N, KRx REISGHZER
TAHROBEEL LT DUV EREL LERTA I E2BITHZ B3R TFoND, KRF—
MIBITBEY PUVBRERIRVERZETANOTHSD, DABCO &¥7un X ¥ UREDRIG
WBWTHER SN, ZORBT TR, KL 4 FEITHRT L, ROBEBIZBNTIE, =X b
B D% Et3N ZHM U7z, Stepd TIIUEHOR DV IZFERT S p-TsOH OEIIRISEF D
pPHIZESWTRESNARETHDI I LA Lz, e RREFHICTEBE BRI /R, 30
DEFREFIZ B TINE 36%5 5 58%I2m L L7z,

2) ERIFIEOBHRZ (Bl 15670 57 40— oERRES)

B TH 5 compound 5 IZ OV THEEROFBRE L ERE Lz, BREERED/NR TS —1OFE
RBRPEE L L, KRATF—AVTER L, THLDEERFHIOWTIZRAr —LT v 7 ORRE
BREIZBWTHEHE#METIbDET S,

3) SRF—=VERBITBA v TukR « ar ba—VEEORESL

HPLC S#712 X % in-process 2> b a— V& RER L7z 8FED HPLC 7 7 AMZ X B2 FiEL 04
HORBEIZL Y., WL OO FREIIERICHIET D Z N TER1o7, AT, ¥HOERK
EEZBELCERATR2FPHEZERET, REORWVWERY (HlxXiX, Scheme2 iZHi} 3
compound6 D 7zH D Steps Tix HPLC ST & ¥ HEMDEDOEBMNBIETE 5) IPCT—# X
HPLC S #Fici&fFE Lisdso 7z, TLC & 1H-NMR SHTidREE2E=2 Y /T3 ERGHY —1
Thd, FTCHDPEEEANT, RTOFHER S CICEKED D HPLC ST FIEOHRE
15| &R ERETT 5,

4) HPLC AWXGCIZX 3, A v ut AR5 NCSEESNI=Y v T ONHT

IPC I ABHICOVWTIER ERDa A b EsRENTW, YU T LVOHSBEREOD, W<
OPOFEEIT HPLC IC X W 53 LTz, (L& L BAEDOFEL OBFSHICER D B2, FE
WCOWTIHEY R FEEZBE LR, BESNDIREHLDOTHD, GC BTz OV TILiB- T
B2,

5) TaEADETDRT v TR 2RI LB, b~ Rxv o 08, 585D
BV O F 2 B8 2 IR OBE

IHhbiZonTiR7uev=2 b afFZB L TR L TEE, ZNETD E Z 5, Scheme2 D Stepl

WRBWT, /7rua7xVbaY/nuAF 0 CEBEBRZIDZLICRTI L, 5%, BFRICSNEL

WOBEERE, RERRBVICBVWTRE~ 72V 7 ANEEZ R 2R3,

6) REMEZERETEDRA LV P ERRET D7D OMAERER

A¥—L2DStep 1,2,3 BLVBBIZONWTA MARIEZEIToT, FHIZL Y, Step 5 D
i, TRUEMET 5 Z LR TERNWI Ebh o, EOBRORGEREIL, 200 g X 7r—ick
W 27 BRI T, HHBEWE D compound 5 D&Y, 5%kKiEE ~7- (HPLC #ATIc L3 AUC 2 %
E1D). TORIGIE, LVRBHE=F—3Nh5, LVEZOBOHEEEET T, TOMDRTF

Page 1



v 7 (BT, A% —.L5 20D Step 8 BL U Stepl0, F7-, A% —2 1D Step 5, AF¥—14 4 D Step
1) @ hold point #EHT 5 FETH D,

7) Tt AOREMICHER 52D 7y /X — OBt a2 bu—)

Bxid, WSODDORIEAT v TRTRERERAT—=NT v A2 Ry MO R RHL
7= Bz : RA¥—152128B1T5 Compound A &M Step 8 B LU Step 10, AF¥—L4 31
1T 5 Compound B &fD Step 1 BL T Step 2. AFx— L4 4 (281D RCAI-56 LD Step 1
BEIWStep 8)y AFXF—L 2D Step 8iF. LV KRERARF—NDIu~  NTTFTT74—ZLoTSH
BEREER AT VAT A Vv — %5, A% —25 2 D Stepl0 X, Tebbe Kinx &4, EMT
HOhOoOEOEVEEFEIIRoTLES, REBERIEELITS&EMEF. Bl 21X : Petasis
dimethyltitanocene (DMT)X &3 & O Witting SIS ERETT R & ThH 5, BEDOKIGEMIZRBN
T, AF—A5L 3D Step 1 & Step2 it, 20g A7 — NV T4A8%DWENREOLND, TNHEDAT v
T WERF =2y I DIEDARTr—NT v TIhBb, AF—5 4D Step 1 TiE, Compound B %
BEEHRAL TV, Fxid, Compound BOEBERHOTEHDIIZDRAT v 7OEEEH 5T
ETHD, AFX—2Ah 4D Step 31%, AV PFHVOKISERET Tk, FEMO»»1 2R TH 5, Pd/IC
F 721X PAOH)2/C T X A MEABICKE & AW MORISEGEEBREF TH B,

8) MBS U DT OBROEREME 72 b NS~ — 1 — D ¥l
BAT v FOREUEIL. PFOLT7 7 L RRZ A —RELTELTH S,

9) Hx DARV— g v OREVEEAR

BHLRFIR— g VOB EIT o, FIZ. A% —5 2 128175 Compound A &0 Step 11,
2% Y, hydroboration B{L K. X, hydrogen peroxide DEFEHIZB VT (WREIZ 7 = F LT
WA R) ZeEEHER L, b, hoEE, #il 21, potassium tert-butoxide ix, NaH (&
F—b2BIVRF—L4 DV OPDRT v 7 ICEE) 2RETHLOIRTTETH B,

10) REUEZHHETEIRAY PORE (RIGREHE L PREOFSIZRNT)
Bx i, 1EL AL DORISIZEIT S Safe hold point ZRE LIz, 207 BV =7 FOAWHRAIC
BOTIE, ERBORERRR. RERTH D,

11) HE0T7TFLARr—NIIBITAER o0&
iR O Y7 FTHD, 10g D Compound A RKBE TIZHELNDTFE, OFV,
RCAI-56 % 50g B % =HIc 7 uk RDWE LT 5.,

BT 5 L, Falt, RCAI'56 2837 X TTERENRZRRICH Y, RF—AT v 707k
DOTaE RAERPToF, SbRIEEO-DOIEEIL, 50g D RCAI-56 2T 570, K
BRI ERFETH D,

Page 2



1.0  Delivery Summary

A request was made to Albany Molecular Research, Inc. (AMRI) by Riken, Japan (Riken) to
conduct familiarization of the synthesis of compound RCAI-56, preparation of 10 g of
compound A, and preparation of 50 g of RCAI-56 with limited process development. The
project was initiated at AMRI at the Syracuse site in January 6, 2014.

Date Started: January 2014
Date of the Report:  March 23, 2014
Chemists: Geetha Banda; Jianxie Chen, Ph.D.; Lei Liu, Ph.D.;

Mary Beth MacBain; and Di Xu

Riken Contacts: Yasuyuki Ishii, Ph.D.
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Scheme 1. Final Route of Synthesis of RCAI-56
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Conditions: (a) TrCl, DABCO, DCM, 1t, overnight; (b) Et;N, BzCl, DCM, rt, overnight; (c) pTsOH, MeOH,
DCM, rt, overnight; (d) Imidazole, PPh;, I, toluene, 70 °C, 2 h; (¢) DBU, THF, 68 °C, 27 h; (f) NaOMe,
MeOH, rt, overnight; (g) NaH, BnBr, nBu,NI, THF, DMF, 0 °C to rt, overnight; (h) PdCl,, 1,4-dioxane, water,
60 °C, 6 h; (i) 2,6-utidine, TBSOTH, DCM, —18 °C to —28 °C, 2 h; (j) Tebbe reagent, pyridine, THF, —40 °C to
tt, 4 h; (k) BH; THF, THF, 0 °C to rt, 2 h; 2 M NaOH, 30% H,0,, 0 °C to 10 °C, 1 h; (I) NaH, BnBr, nBu,NI,
THF, DMF, 0 °C to rt, overnight; (m) TBAF, THF, rt, 40 h; (n) TBDMSCI, imidazole, THF, rt, overnight; (o)
PhCHO, NaBH(OAc);, THF, rt, overnight; (p) DMP, pTsOH, rt, 5 h; (q) TBAF, THF, 1t, 2 h; (r) E4xN, SOCI2,
DCM, , —35 °C to —45 °C, 1 h; (s) NalO,, RuCl;-H,0, CH,;CN, water, 0 °C, 1 h; (t) NaH, A, THF, DMF, 0 °C
to 70 °C, 32 h; (u) pTsOH, MeOH, DCM, 60 °C, overnight; (v) Pd/C, HCI, H,, 50 psi, ethanol, 24 h; (w) E;N,
C,DCM, MeOH, THF, 0°C, 1 h
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2.0 Introduction

The preparations of compounds A (Scheme 2), B (Scheme 3), and RCAI-56 (Scheme 4),
were carried out mostly by following the procedure provided by Riken, but there were steps
where it was deemed necessary to conduct a truncated development work. This involved
development of either the reaction conditions or the isolation protocol.

We have currently almost completed the familiarization of the chemistry toward RCAI-56
with relatively reproducible yields at most of the steps with exception in the formation of
compound 9 due to the close-eluted other isomer. The first two steps on the preparation of
compound B were changed because the reaction of protecting amine with benzyl group
which was the first step in the original scheme had failed to work. We are currently on Step
3 of Scheme 4.

We successfully developed process procedures in some of the steps on a large scale. While
currently carrying the intermediates through, based on the experience from the almost
completed familiarization, optimizations and developments in some of the steps will
continually be conducted. We are confident that 10 g of compound A and 50 g of RCAI-56
will be prepared and delivered.

According to the list of the subjects needed to be conducted in the proposal, we have
performed the work with the consideration. During the short time of the familiarization of
the chemistry and medium scale reactions, most of the items have been achieved. While the
project is on-going, some of the items are being looked at and some work is being planned
for the future. Below are the details.

o Improve throughput/yield whenever possible:
For Scheme 2:

The yields from each of the steps were reproducible throughout from the original procedure
except the Step 1 and 2 of preparation A (Scheme 2). We initially ran the reaction on 30 g of
compound 1, which was double scale to that in the provided procedure. The reaction was
monitored by TLC analysis which indicated that the reaction was sluggish and the starting
material persistently remained after 1 day. This was observed on the next 100 g scale
reaction, in which starting material remained even more shown by TLC analysis. Another
reason to seek different reaction condition was to avoid pyridine which was used in the
reaction as a solvent, since removing pyridine usually takes time and volumes on large
scales. DABCO and dichloromethane were then used in the reaction. By using this
condition, the reaction went to completion after 4 hours. In the following step, Et;N was
added due to it being less expensive. In Step 3, we found that amount of p-TsOH to use had
to be based on pH of the reaction instead of how many equivalents. The yield, after
replacing with different reaction conditions, was improved from 36% to 58% in three steps.
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Table 1. Yields Comparison on Steps in Scheme 2

Steps Yields from the Our Current Comments
Original Procedure | Yields (Average)
Step 1,2, and 3 36% 58% Changed original reaction conditions.
Step 4 and 5 76% 80% Currently use HPLC analysis for IPC
on Step 5.
Step 6 87% 92%
Step 7 68% 86%
On our 76 g scale reactions, about 14 g
o o of desired a isomer remained as a
Step 8 89% 64% mixture with p isomer. If it was
isolated, the yield would be about 80%.
Step 9 85% 88%
Step 10 80% 83%
Step 11 77% 76%
Step 12 95% 88%
Step 13 80% 80%
Overall 5.7% 9.2%

For Scheme 3:

The Step 1, reductive amination, was tried by following the procedure described in the
journal (JOC, 2004, 69, 7694—-7699) using the common borane reducing reagent, NaBH,.
There were none or trace product formed. Therefore, we chose to protect primary hydroxyl
group in the first step and then attach benzyl group to the amine group. On the 20 g scale of
starting material, phytosphingosine, the yield for the over two steps was 48%, which was
comparable to the yield from the two steps to compound 16 in the original procedure. We
are currently working on a larger scale to examine the repeatability.

Table 2. Yields Comparison on Steps in Scheme 3

Steps Yields from the Our Current Comments
Original Procedure | Yields (Average)
Changed original reaction
Step 1and 2 1% 48% condi%ions argld intermediate
Step 3 62% 71%
Step 4 N/A% 96%
Step 5 and 6 92% 83%

For Scheme 4:

The reaction of Step 3, deprotection of benzyl group, in Scheme 4 is current in progress.
After that, the familiarization of the synthesis will be completed after the final step, coupling

with compound C.
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Table 3. Yields Comparison on Steps in Scheme 4

Steps Yields from the Our Current Comments
Original Procedure | Yields (Average)

Step 1 62% 70%

Step 2 89% 77%

Step 3 N/A N/A On-going

Step 4 N/A N/A

e Whenever possible, replace column chromatographic purifications by recrystallization,
reslurry, etc.:

Compound 5 has been noticed as the solid. Purification of solid compound 5 by
recrystallization was examined. The preliminary recrystallization condition will be further
examined and implemented on the large scale. We will continue to seek possibility of
purification other than chromatography for other compounds during scale-up.

o Establish in-process control for all stages:

In-process control by HPLC analysis was examined. Due to the compatibility with the
certain HPLC columns and method, some of the intermediates were not able to show
properly. Besides, through the first time run-through the chemistry and without all the
intermediates available, the data of IPC was not the depended on the HPLC analysis unless
there was a necessity, for example in Step 5 for compound 6, Scheme 2, in which the HPLC
analysis showed the conversion of starting material. TLC and "H NMR analyses were the
main analysis tools to monitor the reactions. With all the intermediates in hands now,
developing HPLC method(s) for all the intermediates and final product will be performed.

e Analyze the in-process and isolated samples by HPLC or GC:

For analyzing IPC samples, see the comment above. For the isolated samples, some of the
intermediates were analyzed by HPLC analysis. Due to the compatibility of the compounds
and current methods, the purity is needed to confirm after the suitable method(s) are
developed. GC analysis will be checked.

* Avoid concentration to dryness, magnesium sulfate treatment, use of unfriendly solvents
from all steps of the process:

We have considered these in the project through. So far, dichloromethane has replaced

chloroform in Step 1 of Scheme 2. We will try to eliminate magnesium sulfate treatment as
much as possible unless it is necessary.

Page 7



o Conduct stress tests to determine safe hold points:

We have stressed reaction on Step 1, 2, 3, and 5 in Scheme 2. We found that the reaction of
Step 5 can not be heated for longer; reaction time for 200 g scale was 27 hours with starting
material, compound 5, less than 5% (AUC) by HPLC analysis. The reaction will be
continued to monitor on larger scale. With more amounts of intermediates, we will continue
to look into the hold points on other steps, especially Step 8 and Step 10 in Scheme 2, Step 5
in Scheme 3, and Step 1 in Scheme 4.

» Understand and control factors that impact process robustness:

We have identified some steps which could impact the process and scale-up, such as Step 8
and Step 10 in the synthesis of compound A (Scheme 2), Step 1 and 2 in the synthesis of
compound B (Scheme 3), and Step 1 and 3 in the synthesis of RCAI-56 (Scheme 4). More
development work is needed in these steps.

Step 8 in Scheme 2 generated stereoisomers which are difficult to separate by
chromatography on large scale, besides it is unknown if the stereoisomer ratio changes with
the scale.

Step 10 in Scheme 2 involved Tebbe reagent which is expensive and the work-up of the
reaction generated sticky solid. Alternative reagent or conditions, such as Petasis’s
dimethyltitanocene (DMT) and Wittig, are thought to try in the future.

Step 1 and Step 2 in Scheme 3 under current reaction condition provided 48% overall yield
on 20 g scale. The steps are being scaled up and will check if the yields hold up.

Step 1 in Scheme 4 employed multiple addition of compound B during reaction. We have
planned to optimize this step to reduce the amount of compound B once we have more
precursors available.

Step 3 in Scheme 4 is a tedious reaction under original reaction condition. Other reaction
conditions using Pd/C or Pd(OH),/C under pressurized hydrogenation conditions are being
examined.

¢ Prepare analytical reference standards and markers as necessary:

Intermediates from each step have been retained as analytical references.

e Evaluate safety of each operation:

Safe operations have been considered. In particular, Step 11 in the synthesis of compound A
(Scheme 2), hydroboration-oxidation, will be re-evaluated due to use of hydrogen peroxide
although it was properly quenched during work up. Also, other bases, such as potassium

tert-butoxide, have been planned to examine to replace NaH in a couple of steps in Scheme 2
and Scheme 4.
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e Determine safe hold points (both reaction mixtures and intermediates):

We have identified safe hold points for most of the reactions. Within the short period of the
project so far, the stability of the intermediates have not been examined.
o Demonstrate the final process on approximately 50 g scale:

The project is ongoing. We are projecting to have the 10 g of compound A prepared by next
week. Inthe meantime, we are continuing to work on the improvement of the process for
making 50 g of RCAI-56.

In summary, we are close to finishing the familiarization of the chemistry toward RCAI-56
and have developed process procedures on larger scale for some of the steps. More
development work will be carried out in the coming weeks before further scale-up toward the
completion of the delivery of 50 g of RCAI-56.

Scheme 2. Synthesis of Compound A
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Scheme 3. Synthesis of Compound B
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3.0 Results and Discussion

3.1  Synthesis of Compound A

Step 1 to Step 2
OH —OH OH OTr OBz —OTr
o  TiCUDABCO o BzCI/EtN o
HO —— HO — B0
HO Onme  Stepl HO (OMe  Step2 BzO OMe
1 2 3

The two-step reaction was carried out in one pot, without work-up after Step 1. The original
procedure for the Step 1 was run on 30 g and 100 g scales in pyridine (16.6 vol) as solvent
and 2.2 equivalents of trityl chloride. After 20 to 40 hours, the reaction was not complete by
TLC analysis. There was more starting material 1 remaining in a larger scale. The reactions
were continued by adding 5 equivalents of benzoy! chloride into the Step 1 reaction mixture.
The reactions were complete after overnight, at which time TLC analysis was indicated. The
reaction was worked up by extensive aqueous washes to remove pyridine.

The preparation of compound 2 was examined under different conditions. The results are
shown in Table 4. '"H NMR analysis in solvents such as MeOH-ds, DMSO-ds, CDCls,
cannot differentiate the starting material and the product. Therefore, the reactions were taken
to the next step without knowing how much starting material remained. The reaction in 2
equivalents of DABCO, 2 equivalents of trityl chloride, and 20 vol of dichloromethane
showed a complete conversion of the starting material 1 besides there was no pyridine
involved.

Page 11



Table 4. Examination of Preparation of Compound 2

Experiment Conditions Comments
1(10.0 g, 1 equiv), After 6 h, TLC analysis still showed 1.
24LL008SA TrCl (1.08 equiv), Reaction mixture was used in the next
Pyridine (5 vol), 100 °C, 6 h step without workup (24L.L008B).
1(1.0g,1 equ.xv), After 20 h, TLC analysis still showed 1.
241.L009A1 TrC;l .(2'0 equiv), Reaction mixture was used in the next
Pyridine (10 vol),

DMAP (0.2 equiv), 50 °C, 20 h

step without workup (24LL009A2).

1(1.0 g, 1 equiv),

TrCl (2.0 equiv), After 20 h, TLC analysis still showed 1.
241L.1.009B1 TEA (3.0 equiv), Reaction mixture was used in the next
DMAP (0.2 equiv), step without workup (24LL009B2).
DCM (20 vol), rt, 20 h
1(1.0 g, 1 equiv), After 6 h, TLC analysis showed almost
TrCl (2.0 equiv), no 1 remaining.
24LL005C1 DABCO (2.0 equiv), Reaction mixture was used in the next
DCM (20 vol), rt, 6 h step without workup (24L1009C2).
1(1.0 g, 1 equiv),
TrCl (2.0 equiv), After 20 h, TLC analysis still showed 1.
241L1.009D1 pyridine (5.0 equiv), Reaction mixture was used in the next
DMAP (0.2 equiv), step without workup (24LL009D2).
ACN (20 vol), 70 °C,20 h
1(1.0 g, 1 equiv),
TrCl (2.0 equiv), After 20 h, TLC analysis still showed 1.
24L.L009F1 pyridine (5.0 equiv), Reaction mixture was used in the next
DMAP (0.2 equiv), step without workup (24LL0O09F2).

ACN (20 vol), 1t, 20 h

After the reactions listed in Table 4 were taken to benzoyl protections under different
conditions, TLC and 'H NMR analyses in all of the reactions except lot 24LL009C2 showed
additional spot or peaks other than from product 2. The results are shown in Table 5. The
additional spot or peaks were possibly from the tetra-benzoyl by-product which was from the
unreacted starting material 1. "H NMRs of each crude reaction mixture was analyzed and the
mole ratio of 3 and the major by-product are listed in Table 6. The ratio reflected the amount
of starting material 1 remaining in Step 1.
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Table 5. Examination of Preparation of Compound 3

Experiment Conditions Comments
2411L00SB 2 (reaction mixture from 24L1.008A), | TLC showed no compound 1 remaining,
BzCl (5 equiv), rt, 20 h but product and one adjacent spot.
2ALLO09A2 2 (reaction mixture from 24L.LL009A1), | TLC showed no compound 1 remaining,
BzCl (5 equiv), rt, 20 h but product and one adjacent spot.
241.L009B2 2 (reaction mixture from 24L1L009B1), | TLC showed no compound 1 remaining,
TEA (6.0 equiv), BzCI (5 equiv), rt, 20 h | but product and one adjacent spot.
241.1009C2 2 (reaction mixture from 24LL009C1), | TLC showed no compound 1 remaining
TEA (6.0 equiv), BzCl (5 equiv), rt, 20 h | and one major product spot.
24L.1009D2 2 (reaction mixture from 24L1.009D1), | TLC showed no compound 1 remaining,

pyridine (5 equiv), BzCl (5 equiv), 1t, 20 h

but product and one adjacent spot.

24LL009F2

2 (reaction mixture from 24LL009D1),
pyridine (5 equiv), BzCI (5 equiv), 11,20 h

TLC showed no compound 1 remaining,
but product and one adjacent spot.

Table 6. Mole Ratio of Compound 3 and the Major By-product by "H NMR Analysis

Ratio of | 24LL008B | 24LL009A2 | 241.1009B2 | 24L.L009C2 | 24LL009D2 | 24LL009F2 | 19MEMO003
3 and the

major by- 1:3.9 1:0.43 1:0.47 1:0 1:0.14 1:0.12 1:0.35
product

* Starting material was the reaction mixture in which 100 g of 1 in 16.6 volumes of pyridine
and 2.2 equivalents of trityl chloride was stirred at room temperature for 40 hours.

The reaction condition in 24LL009C1 and 24LL009C2 was applied to the reaction on 30 g,
400 g, and 800 g of compound 1. The similar results were obtained with complete
conversion and less laborious work-up.

Step 3
OBz —OTr OBz, —-OH
BzO BzO
BzO (Ome Step3 Bz0  oMme
3 4

Deprotection of trityl group was carried out by using p-TsOH*H;O. Initially 0.3 equivalents
of p-TsOH*H,O were used, but the reaction was not complete after overnight. With
additional p-TsOH*H,O to pH =2, the reaction was complete in a few hours. The reaction
was then examined at different pH. The results are shown in Table 7, in which indicated that
pH =2 is the key for the reaction using p-TsOH*H,O. There was a major impurity spot
generated in the reaction using ferrous chloride.
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Table 7. Examination of Preparation of Compound 4

Experiment Conditions Comments
0.2 equiv of p-TSA was added initially and pH =~3.
2 h TLC analysis showed no reaction.
302 gﬁ‘g_‘ﬁi €2), Additional 0.2 equiv of p-TSA was added to pH ~2-2.5.
24LLO10A MeOH (16 mL), 1hTLC showeq some product.
p-TSOH-H,0 (0.2-0.6 equiv), Another 0.2 equiv of p-TSA was added to pH z.l S5-2.
.20 h 5 h TLC showed almost complete and the reaction was
’ stirred overnight.
'"H NMR analysis was consistent with the product.
3 (0.9 g, 24L.1.009C2), 1 equiv of p-TSA was added initially and pH ~1.5.
DCM (2 mL), 1 h TLC analysis showed some product.
241.1.010B MeOH (16 mL), Additional 2 equiv of p-TSA was added to pH ~1.
p-TsOH*H,O (1-3 equiv), The reaction was stirred overnight.
1,20 h 'H NMR analysis was not as clean as 24LL010A.
3 (0.9 g, 241.L009C2), 10 equiv of p-TSA was added initially and pH <0.5.
DCM (2 mL), 1.5 h TLC analysis showed some product.
241.1.010C MeOH (16 mL), The reaction was stirred overnight.
p-TsOH*H,O (10 equiv), 'H NMR analysis was not as clean as 24LL010B
,20h and 24L.1.010A
3 (1.15 g, 24L1.009C2), TLC analysis showed there was no starting material
2411011 DCM (12 mL), remaining, but small amount of product and a major
FeCls (2 equiv), rt,2 h impurity spot below starting material.

The results also indicated that the reaction would not be expedited using more p-TsOH*H,O,
but more impurities formed after prolonging the reaction time.

Using aqueous work up to remove p-TsOH was examined in the first reaction and it was
found that the product generated other by-product which possibly was a benzoyl-migrated
product. Therefore, without any workup after the reaction was complete the reaction mixture
was directly concentrated to remove solvent before column purification.

The over-three-step results from the reaction on 100 g, 30 g, 400 g, and 800 g of compound 1
are tabulated in Table 8.

Table 8. Preparation of Compound 4

Lot Input of Output of | Yield
Number | Compound 1 | Compound 4 | (%) Comments
Step 1 and Step 2: Original condition;
09GB003 0 16¢ 20 Step 3: Using aqueous NaHCO; work up
Step 1 and Step 2: Original condition;
14K1.0078 100g 65¢ 25 Step 3: Original condition
19MEMO008 30g 60 ¢g 52 | Optimized conditions in all three steps
14K1.0083 400 g 665 64 | Optimized conditions in all three steps
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Step 4

OBz OH By 1
O 1/PPhy/Imidazole z
BzO S 0
BzO z
OMe Step 4 BzO OMe

4 5

The reaction was carried out by following the provided procedure using Imidazole (3.1
equiv), PPhs (1.5 equiv), and I; (1.5 equiv) in toluene (18 vol). The reaction was completed
after 2 hours at 70 °C. The reaction was worked up by quenching with saturated Na,;S,03
solution and extracting with EtOAc. There were over 40 volumes of aqueous and organic
solvents were used during workup. The crude product was purified by column
chromatography. Since solid product was obtained from a larger scale, recrystallization can
be examined in the future for the purification.

Table 9. Preparation of Compound 5

Lot Input of Output of Yield

Number Comll))ound 4 Com:)l:)und 5 | (%) Comments

Purification by flash silica gel chromatography,

09GB004 155¢g 176 ¢ 96 a foaming solid.

! >99% (AUC) by HPLC at 254 nm.

: Purification by flash silica gel chromatography,

19MEMO010 30g 36g 99 a foaming solid.

' 96.6% (AUC) by HPLC at 254 nm.
Purification by flash silica gel chromatography,
lot 14K1.0130A, a white solid.

; Another 60 g, lot 14KL0130B, a waxy solid.

19MEMO16 665 g 518g 64 The yield was lower than usual due to low

5 potency of the starting material which was an oil.
The yield of over 4 steps was 41% which was
comparable to what was expected.

Step 5
OBz I DBU/THF OBz
B20 T B
BzO OMe Steps BzO OMe
5 6

By following the provided procedure, DBU (9.1 equiv) in THF (13 vol) was used in the
reaction. Ona 15 g scale, the reaction was not complete after 24 hours by HPLC analysis
and there was about 20% starting material remaining. The reaction was worked up and
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