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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

OH )Tr OTr ou OBz
O A, _11_, , d £
HO BzO BzO
BzO

HO  OMe Sy , OMe OMe B20° Ome BZ0 OMe
1
OBz OH OBnO OBng,
0 r 0 g j
B2O — HO — B0 L ——*Bno —_—
BzO OMe HO  Ome BnO - oMe B“O OH BnO  51pg
6 7
OBn OBn —OH OBn OB
k 1
Bno% > Bno% —B % — B %
BnO s BnO  G1ps BnO OTBS BrO oy
1 12
OH OH OH
H B ~ P
10 @, e 50 N e, o0 N ecn, T
NH, OH NH, OH L
n
14 15 16

- U q s
TBSO” 7 ¥ N(CHy,,CHy T HO W(CH ),,CH, — \/?IB/\/\ (CH,);,CH; ———>
5-NBn

NH _NH
Bn” Bn &

¥ he x

19

Y OBn OBn _OBn
u
Y % —_— BnO% OH
/Y\A(CHQ 2CH, BnO (CHZ) 1,CH, BnO O/YY\(CHz) 1,CH,
B

25 Bn~ 26

OH _oH OH __OH
v, HO% OH w  HO oH
HO : —_— HO

oY Y (CHy) peH, O Y ey eH,
NH, OH Os_NH OH

-HCl
27 (CH,),,CH; RCAI-56

Conditions: (a) TrCl, DABCO, DCM, rt, overnight; (b) E;N, BzCl, DCM, rt, overnight; (¢) 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, nBusNI, THF, DMF, 0 °C to rt, overnight; (h) PdCl,, 1,4-dioxane, water,
60 °C, 6 h; (i) 2,6-lutidine, TBSOTT, DCM, —18 °C to =28 °C, 2 h; (j) Tebbe reagent, pyridine, THF, —40 °C to
rt, 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; (1) NaH, BnBr, nBuyNI,
THF, DMF, 0 °C to rt, overnight; (m) TBAF, THF, 1t, 40 h; (n) TBDMSC], imidazole, THF, rt, overnight; (o)
PhCHO, NaBH(OAc);, THF, 1t, overnight; (p) DMP, pTsOH, rt, 5 h; (q) TBAF, THF, rt, 2 h; (r) Et;N, SOCI2,
DCM, , =35 °C to =45 °C, 1 h; (s) NalO4, RuCl3-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) Et;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.

e 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% 0% 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
of desired o isomer remained as a
Step 8 89% 64% mixture with f 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, NaBHa.
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

Yields from the Our Current

Steps Original Procedure | Yields (Average) Comments
Changed original reaction
0 0
Step 1 and 2 41% 48% conditions and 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.

e 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.

e 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.
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¢ 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 S 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.

e 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.

e 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.
e 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. In the 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

OH OH OH OTr OBz —OTr OBz —-OH
0 TrCI/DABCO 1) BzCI/E4;N 18] TsOH o)
HO ——— ™ HO ™ B0 BzO
HO

HO Ome  Stepl OMe  Step2 BzO (e Step3 B0 e
1 2 3 4
1/PPhy/Imidazole |7 oI DBU/THF 0Bz o _ NaOMeMeOH OH o NaH/BnBr
B e e —————————— [
BzO BzO HO
Step 4 BzO opme  Steps BzO OMe Step 6 HO OMe Step7?
5 6 7
OBn OB, OBy OBn
0] PdCl, TBSOTf Tebbe reagent
BnO BnO BnO > BnO
BnO  Apge Step8 BnO 4y Step 9 BnO  1pg Step 10 BnO  5r1gs
8 9 10 11
OBn_~OBn
BH, OBn,—-OH NaH/BnBr OBn_-OBn TBAF/THF
o
BnO BnO BnO
Step 11 BnO  (1ps Step 12 BnO (gs Step 13 BnO 4y

12 13 A
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Scheme 3. Synthesis of Compound B

OH OH OH
B TBSCI : PhCHO :
HO (CHy),CH y; ————= TBSO (CH pCHy ——— 7507 7 [ “(CHy),CH,
NH, OH NH, OH NaBH(OAc),; _NH OH
Step 1 Step 2 Bn
14 15 16
2,2-dimethoxypropane Q)O( TBAF QAO/ SOCl,
= EEE—— = B
POl TBSO” T (CHy) ,CHg HO™ TN CH)
Step 3 gy NH Step 4 gy N Step 5
17 18
(?o( RuCl,* H,0 (:>o(
0\/\(\/\ (CHy,CH;y  NalO, 0 “N(CHy) ,CH,
— \
,S~NBn Step 6 0,5~NBn
19 B
Scheme 4. Synthesis of Compound RCAI-56
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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
0 TrCI/DABCO o) BzCI/Eu;N 0
HO ™ HO > BzO
H

HO OMe  Stepl O OMe  Step2 Bz0 onMe
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 benzoyl 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-d,, DMSO-ds, CDCl3,
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.
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