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Abstract In order to improve the yield and reduce the cost in

the synthesis of antitumor drug vismodegib the key
intermediates are prepared and the Negishi reaction step is
examined. The effects of different molar ratios of reactants
dosages of catalyst and time for refluxing are investigated by
using single factor tests. The results demonstrate that when
the molar ratios of 2-bromopyridine 2-c¢hloro-N- 4-chloro3-
iodophenyl 4- methylsulfonyl benzamide zinc chloride n-
butyllithium and tetrakis triphenyl phosphine palladium are
changed to 1.0:0.5:1.5:1.1:0. 05 and the mixture is refluxed

for 24 h the production yield is improved to 72%. This

reaction condition significantly enhances the synthetic
efficiency avoids consuming excessive raw materials/
catalysts and meanwhile prevents a prolonged reaction

time. The optimization of the proportion of reactants and the
heating time is proved to be important for the efficiency and
economy in cross-coupling reaction to synthesize vismodegib.
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umor genesis and progress are highly relevant to the
biological signaling pathways between tumor cells or
between tumor cell and its extracellular matrix ' . Among
those signal pathways the Hedgehog Hh pathway is a
popular topic for molecular oncology research L During
embryogenesis the Hh pathway regulates development
information transmission for embryonic cells and plays
an important role in cell differentiation organ develop—
ment and body patterning °. On the other hand disor—
dered Hh signaling is also a pathological vital factor in
many human diseases especially neoplasms including
basal cell carcinoma medulloblastoma small cell lung
cancer and gastrointestinal carcinoma e
Vismodegib Erivedge HhAntag691 or GDC-H449 is
the first marketed small molecule Hedgehog signaling
pathway targeting drug. Approved by the U. S. Food and
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Drug Administration for treating adult’s advanced basal
cell carcinoma in January 2012 this synthetic agent has
a significant Hh pathway targeting potential and notable
antineoplastic effect " The drug has being undergoing
clinical trials for metastatic colorectal cancer small-cell
lung cancer advanced stomach cancer pancreatic canc—
er medulloblastoma and chondrosarcoma since June
2011. As a smoothened Smo inhibitor vismodegib is
also proved to be effective in leukemia " prostate canc—
er” and hepatocellular carcinoma " therapies.
The vismodegib molecule is chemically constituted by a

pyridin2-yl -aryl structure. Generally it can be synthe—
sized from a pyridine2-yl derivative with a certain phenyl
compound through cross-coupling reaction ' = . In parti—
cular the 2-bromopyridine is first lithiumized by n-butyl—
lithium and followed by zinc II
pyridin2-ylzinc II halogenide and then coupled with 2—
chloro-N- 4-chloro-34odophenyl 4- methylsulfonyl
benzamide under a catalytic amount of Pd PPh; , to give
the target vismodegib. This synthetic route is a typical
Negishi reaction which is a tricky process because under
different conditions the yield as well as the total cost of
the product is varied.

With reactant 2-chloro-N- 4-chloro-3-iodophenyl 4-

methylsulfonyl benzamide synthesized and 2-bromopyr—
idine commercially available we examined the Negishi
reaction conditions to achieve vismodegib and analyzed
the effect of different molar ratios of raw material
lyst dosage and reaction time on the yield by using single
factor tests. Through comparison of the tested reaction
conditions a favorable reacting molar ratio of compound
3/compound 2/n-BuLi/ZnCl,/catalyst was finalized as
1.0:0.5:1.5:1.1:0.05 and an optimum refluxing time
of 24 h was established. Furthermore under this peculiar
condition a relatively high yield 72% of vismodegib
was achieved.

salt treatment to form

cata—

1 Experimental
1.1 General

The synthesis reaction of vismodegib is shown in Fig.
1. Commercial reagents were used as received. Melting
points were measured in open capillaries and were uncor—
rected. Compounds were routinely checked by TLC with
silica gel GF254 glass plates and viewed under UV light
at 254 nm. 'H and "C NMR spectra were taken on a
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Bruker AM-300 spectrophotometer with tetramethylsilane

TMS as an internal standard and CDCl; as solvent.
Multiplicity is indicated as follows s singlet d dou-
blet t triplet m multiplet dd doublet of dou-
blets td triplet of doublets brs broad singlet etc.
and coupling constants are given in hertz. Mass spectra
MS were obtained from Finnigan MAT-95 Spectrome—
try Services.

Cl
I
S
HN\H/Q/
O (I
Compound 2

Fig.1 Synthesis of vismodegib named as compound 1 by
Negishi coupling reaction from 2-e¢hloro-N- 4-chloro-3-iodophe—

Cl

0O,Me SO,Me
Br (a)
+ |\ A HNT(Q/
~_N (b)

o
Compound 3 Compound 1

nyl 4- methylsulfonyl benzamide named as compound 2
and 2-bromopyridine named as compound 3 under the condi-
tions of a nBuLi ZnCl, THF -78°C and b Pd PPh; ,
THF r.t. to reflux

1.2 2-chloro-4- methylsulfonyl benzoyl chloride

2-chloro4- methylsulfonyl benzoic acid compound
4 3.0g 12.8 mmol and thionyl chloride 8.2 g 68.9
mmol were mixed in 25 mL THF solution and heated to
reflux for 2 h. After cooling to room temperature the
solvent was evaporated under reduced pressure to give 2—
chloro-4— methylsulfonyl benzoyl chloride compound 5
as white solid 2.9 g 91% .

1.3 1-chloro2-iodo-4-nitrobenzene

2-chloro-5-nitroaniline compound 6 10.0 g 58.1
mmol were dissolved in 30 mL HCl The mass fraction
is 36%  and mixed with 30 mL cold water and stirred
for 20 min at 0 to 5 °C. Later 10 mL water solution of so—
dium nitrite 4.2 g 60.9 mmol were added dropwise to
the mixture and the reaction was kept stirring for 1 h at 0
to 5 C followed by adding with 10 mL water solution of
potassium iodide 14.5 87.4 mmol dropwise at 0 to 5
°C for 30 min with vigorous stirring. The precipitate was
filtered and washed 3 times with saturated sodium thiosul-
fate solution. The filtrate was dried under reduced pres—
sure to give 1-ehloro2-iodo-4-nitrobenzene compound
7 as yellow powder 13.7 g 83% . 'H-NMR CDCI,

300MHz & 10° 8.70 d J2.61Hz 1H 8.16

q lH 7.61 d JS8.76Hz 1H.

1.4 4-chloro-3-iodoaniline

Ferrous powder 5.0 g 89.5 mmol was added slowly
to 40 mL acetic acid containing compound 7 8.0 g
28.3 mmol and heated to 80 °C with stirring for 30 min.
The reaction mixture was poured into 150 mL water and
the aqueous phase was extracted with chloroform 3

times 50 mL . The combined organic phase was washed
3 times with saturated sodium carbonate then dried by
magnesium sulfate for 12 h and evaporated under re-
duced pressure to give the crude product. Further purifi—
cation by silica gel flash chromatography gave 4-ehloro-3 -
iodoaniline compound 8 as brown solid 5.3 g

74% . 'HNMR CDCl,-d, 300 MHz & 10° 7.15
d J8.43Hz 1H 7.16 d J2.82Hz 1H 6.57
q lH 3.63 s 2H.

1.5 2-chloro-N- 4-chloro-3-iodophenyl 4- methyl-
sulfonyl benzamide

Compound 8 3.1 g 12.3 mmol was dissolved in 25
mL THF and added dropwise to 25 mL THF solution con—
taining compound 5 2.9 g 11.5 mmol at0to5 C un—
der stirring. Then 2 mL TEA was added dropwise to the
mixture and kept stirring at room temperature for 4 h.
The reaction mixture was poured into 150 mL water and
the precipitate was filtered. The filtrate was washed with
water and dried to give 2-chloro-N- 4-chloro-3-iodophe—
nyl -4- methylsulfonyl benzamide compound 2 as
light yellow solid 5.4 g 89% . 'H-NMR CDCl, 300

MHz & 10° 820 s 1H 8.02 s 1H 7.9
s 3H 7.62 s 1H 7.46 s 1H 3.09 s 3
H .

1.6 2-chloro-N- 4-chloro-3— pyridin2-yl phenyl 4-
methylsulfonyl benzamide

The manipulated different amounts of n-BuLi ZnCl,
compound 2 and Pd PPh; , as well as the refluxing time
are listed in Tab. 1. A 30 mL THF solution of 2-bro-
mopyridine 5 g 31.9 mmol was added dropwise with
n-BuLi in cyclohexane solution at —78 °C with stirring.
The reaction mixture turned dark and was kept stirring for
40 min. Then 40 mL THF solution of ZnCl, was injected
slowly to the mixture at — 78 °C. After stirring for 20
min the reaction was allowed to slowly reach room tem-
perature and then added drop wise to a mixture of com—
pound 2 and Pd PPh; , in 30 mL THF under nitrogen
protection. The reaction was then slowly heated to reflux
and kept stirring and after a certain time poured into 400
mL water. Extraction with ethyl acetate 3 times 50
mL and evaporation of the solvent gave the crude prod—
uct which was purified by column chromatography on
silica gel to give compound 1. '"HNMR DMSO-d, 500
MHz & 10°° 10.90 s 1H 8.70 d J4.4 1
H 813 d J1.55 1H 801 q 2H 7.92 m
2H 7.74 q 1H 7.69 d J7.9 1H 7.58 d
J87 1H 7.4 M 1H 3.34 s 3H . TOF-MS
m/z 419.1 M-1 =~ 421.1 M+1 ~

2 Results and Discussion

Utilizing compound 4 and compound 6 as starting mate—
rials we successfully synthesize the essential intermediate
compound 2 see Fig.2 . At the beginning compound 4
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Tab.1 Condition analysis of the Negishi-coupling reaction of the synthesis of compound 1

Entry Reactants molar ratio compared with compound 3 Refluxing Isolated
Compound 3 Compound 2 ZnCl, n-BuLi Catalyst time/h yield/ %
1 1.0 1.0 1.0 1.0 0.05 24 26.7
2 1.0 1.0 1.0 1.1 0.05 24 28.2
3 1.0 1.0 1.0 1.2 0.05 24 28.2
4 1.0 1.0 1.0 1.3 0.05 24 25.9
5 1.0 1.0 1.3 1.1 0.05 24 34.6
6 1.0 1.0 1.5 1.1 0.05 24 39.5
7 1.0 1.0 1.7 1.1 0.05 24 39.9
8 1.0 0.8 1.5 1.1 0.05 24 47.5
9 1.0 0.6 1.5 1.1 0.05 24 67.7
10" 1.0 0.5 1.5 1.1 0.05 24 72.2
11 1.0 0.4 1.5 1.1 0.05 24 73.3
12 1.0 0.5 1.5 1.1 0.01 24 24.1
13 1.0 0.5 1.5 1.1 0.03 24 48.9
14 1.0 0.5 1.5 1.1 0.07 24 73.7
15 1.0 0.5 1.5 1.1 0.05 8 38.2
16 1.0 0.5 1.5 1.1 0.05 16 65.4
17 1.0 0.5 1.5 1.1 0.05 32 73.1
18 1.0 0.5 1.5 1.1 0.05 40 72.3
* Under the optimal condition the cost and efficiency are also taken into consideration.
Cl Cl
HOOC gggfz’ TIHF cloc . o
91% I
SO,Me SO,Me | TgA THF
Compound 4 Compound 5 0 to 5C ,4h SO, Me
89% HN
¢l 1) NaNO, ,HCl cl o d
0t05C,1.5h I Fe, AcOH I _ Compound 2
2) KIOt05°C 1h 80C,0.5h
RO A
NO, NH,
Compound 6 Compound 7 Compound 8
Fig.2 Synthesis of 2-chloro-N- 4—hloro-3-iodophenyl <4— methylsulfonyl benzamide compound 2
is chlorinated to give benzoyl chloride compound 5 29r
91% . Compound 6 is converted to compound 7 by the
diazo-reaction in 83% yield. Compound 7 is reduced to 3
compound 8 74% . Then benzoyl chloride compound 5 § il
is reacted with compound 8 to give compound 2 under E’
TEA in 89% yield. By coupling compound 2 and com- 26k
pound 3 commercially available target compound 1 is
achieved through the Negishi reaction. While in this step 75l L ! !
with different reaction conditions the yield of compound 10 Mollarl ratio of nleuLl 1.3
1 is varied obviously. To approach a favorable synthesis : o )
Fig.3 Investigation into the role of reactant n-BuLi

condition single factor experiments are conducted to ana—
lyze the Negishi reaction see Tab. 1

We first examine how the ratio of n-BuLi influences
the reaction. The results display that a higher amount of
n-BuLi can increase the conversion rate of compound 2
but too much n-BuLi will bring a disadvantage because
this active organolithium reagent can easily cause side re—
actions see Fig.3 .

The effect of ZnCl, is also investigated. Under the con—
ditions of various amounts of ZnCl, the data of the syn—
thetic yield indicate that a higher molar ratio of ZnCl,/
compound 3 can result in a better outcome of the product
but when the ratio exceeds 1.5:1.0 the improvement be—
comes non-significant see Fig.4 .
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Fig. 4 Effect of ZnCl, on the yield of final product compound 1

In order to increase the conversion rate of compound 2
we attempt to decrease the compound 2/compound 3 ratio
and find that it can hardly further increase compound 2
utilization when the ratio is lower than 0.5:1.0 see Fig.
5.

80
70+

60

Yield/ %

S50

| | | |
0.4 0.6 0.8 1.0
Molar ratio of compound 2

Fig.5 Effect of the molar ratio of compound 2 on transforma—
tion rate

In addition the regulation of the catalyst ratio demon-—
the Pd PPh; ,/compound 3 ratio at 0. 05:
1. 00 is adequate to enhance the yield while higher cata—

strates that

lyst dosage shows no noticeable improvement see Fig.
6 .
51
60
®
3
T 451
pe
30F
0 | | | |
0 0.02 0.04 0.06 0.08

Molar ratio of Pd catalyst

Fig.6 Effect of Pd catalyst on the yield of final compound 1

A sufficient refluxing time is also an important factor
for the reaction efficiency. We examine the yield of com—
pound 1 using different refluxing times for reaction. The
results reveal that when the reacton mixture is heated for
24 h a relatively high yield of compound 1 is achieved

see Fig. 7 . Longer reaction time cannot further improve
the yield.

51

! ! ! |
35 10 20 30 40

Reaction time /h

Fig.7 Effect of reaction time on the yield of compound 1

Based on the above findings a molar ratio of 1.0:0.5
$1.5:1.1:0.05 compound 3/compound 2/n-Buli/
ZnCl,/catalyst and a refluxing time of 24 h is found to
be the optimal reaction condition. Under this condition
the yield of compound 1 is 72%  which is higher than lit—

11 16717
erature reported

3 Conclusion

In the medical chemistry scientific research and large
scale production in industrial manufacture an optimal
synthetic technology is always crucial and necessary to
achieve the expected target chemical molecule. A proper
preparative condition may not only enhance the produc—
tion yield but simplify the reaction procedure and mean-—
while lower the cost. Vismodegib is a popular com-—
pound because it is the first Hedgehog signaling pathway
targeting agent approved by FDA and it is proved potent
in a remarkable number of human tumors. The bottleneck
of its synthetic route is the cross-coupling reaction requi—
ring ultraJdow temperature anhydrous and anoxybiotic

conditions expensive catalyst as well as tedious han-—
dling procedure all of which make the reaction efficiency
very variable. The reported transformation rate of com-
pound 1 synthesized from compound 2 is around 60% . In
the present report we examined the reaction condition
carefully using single factor analysis and attempted to il—
luminate the relationship between each manipulatable con—
dition and the yield of compound 1. By separately regula—
ting the amount of ZnCl, n-BuLi compound 2 catalyst
and refluxing time our results demonstrate that the pat—
terns of each reaction condition in influencing the final
product are predictable and that when compound 3/com-—
pound 2/ZnCl,/n-BuLi/catalyst molar ratio is 1.0:0. 5:
1.5:1.1:0.05 with the refluxing time of 24 h the yield
of compound 1 can be as high as 72%
nificant improvement.

Our study indicates that the optimized reactant/cata—
lyst molar ratio along with the appropriate refluxing time

suggesting a sig—

does not consume excessive raw materials and catalysts
and in the meantime avoids a prolonged reaction time

thus it indeed increases the efficiency and reduces the
cost. The results will also be beneficial to industrial scale—
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up helpful for making the preparation process easier to

handle and more economical. Furthermore

the factors

we analyzed and summarized may also be applicable in
the optimization of other similar reactions.

10
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