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Scale-Up of a Reformatsky Reaction to an Indenyl Butanoatet
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Abstract:

A safe process for the Reformatsky reaction of 5-methoxy-1-
indanone and methyl 2-bromo butyrate giving an indenyl
butanoate was developed. It was scaled-up from the lab to the
pilot plant. The results from two campaigns on pilot-plant scale
are presented.

Introduction

The original synthesis of methyl 2-(6-methoxy-1H-inden-
3-yl)butanoateX) was carried out in a drug discovery project
(Scheme 1) by Zhang, Lei, and Masing the Zn-mediated
condensation of indanorzand bromoesteB. This type of
reaction is named after its inventor Reformat$kyhe

Scheme 1. Reformatsky reaction to an indenyl butanoate
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reaction sequence consists of three individual steps: (1)Scheme 2. Failed reaction of indanone 2 to butanoate 1

formation of the Reformatsky reagent from Zn metal and a
bromoester, (2) addition of this Reformatsky reagent to a
carbonyl compound, and (3) the acidic quench. The formation
of the Reformatsky reagent is known to be a synthetic
challenge in those reactiof&The Zn metal must be activated

to react smoothly with the bromoester. The literature
describes several methdde accomplish this problematic

step. Despite the fact that the Reformatsky reaction has been

developed as early as 1887 and is well-known even to

undergraduate students. this reaction is not used very often

on pilot-plant or production scale. The most serious
drawback for scalability is the highly exothermic reaction
after an unpredictable time of induction. This poses the risk
of a runaway reaction.

We needed access to large amountd @fs a synthetic
intermediate for a development project. Our first choices to

circumvent this problematic step were Zn-free approaches.

Knoevenagel reactiohsvith malonates such asor enolate-
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type condensations failed to produtgScheme 2). If the
indanon& was exposed to basic or Lewis acidic conditions,
we could only obtain the produch arising from self-
condensation o2.

Only the Zn-mediated approach proved to give access to
1. The production ofl was time-critical at that stage of
development. Therefore, we were faced with the task of
developing a pilot-plant synthesis dfbased on the Refor-
matsky reaction.

In the approach by Zhang et alan aliquot of already
reacted material was kept in the flask before feeding the flask
with a new batch of starting materials. While this “seed
process” worked very well on smaller scale, we decided to
guench every batch at the end of the reaction. We did not
want to charge a vessel containing unquenched material for
safety reasons. Our only option for a rapid scale-up with a
safe process was the development of a reproducible method
for activating the Zn metal to reliably initiate the reaction.
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Results and Discussion will further decrease it by factor three. Starting fraiiTag;

At the very beginning we established the general order = 178 K, we should end up witihT,g5 = 178 K/6 ~ 30
of adding the reagents. Experiments of preparing the Refor- K.1® We decided to add each sublot of the bromoester at 45
matsky reagent separately and adding indartdaéer failed °C.1! An increase in temperature would prove that the
to give anyl. Despite consumption of the bromoes3eno reaction had successfully initiated. After each addition of a
addition reaction ta2 could be observed. Therefore, we sublot of 3, we expected a maximum increase of 30 K
decided to perform the reaction in a Barbier-type fastiion, corresponding to only a few K above the boiling point of
meaning that the electrophil2 must be available to the the reaction mixture ofT = 66 °C. In a number of
Reformatsky reagent while the latter is formed. experiments performed this way, we observed no initiation

We tried activating Zn by heating it withy,l TMS-CI, after the third addition, while the first sublots 8finitiated
MeMgBr, 1,2-dibromoethane, CuCl, Cudither prior to the the reaction very well. This meant that the Zn was aging
addition of indanone& or in its presence. None of these during the reaction. While we had developed a safe process,
procedures resulted in an immediate initiation when applied it was not reliable with regard to conversion. To avoid aging
to our reaction. of the Zn, we would need to add the bromoester in a single

A typical first-generation process on 50-g scale was lot. However, to keep it safe, we had to dilute the reaction
performed as follows. The metal was activated by various mixture again by a factor of 5.
methods (vide supra). For instance, the Zn metal was heated When the process was diluted six more times in com-
in the presence of iodine. THF and indancherere added parison to the original procedure, it was still concentrated
after the mixture was cooled to room temperature. The enough for a reasonable throughput. While considering scale-
reaction mixture was heated to reflux, add/ias added. The  up to pilot-plant scale, we made final adjustments to the
reaction initiated typically after addition of 30/0% of the workup. The first was to add diluted sulfuric acid to the
total amount of3 and started to boil very violently. Although  reaction mixture after all indanoridwas consumed. First,
we had only one runaway reaction out of 200 experiments the acidic conditions will eliminate water from the tertiary
on lab scale, it was obvious that this process could not be alcohol formed during the addition of the Reformatsky
scaled up due to its unpredictable point of initiation, which reagent of3 to indanone2, and second the excess of Zn is
made efficient cooling impossible. oxidized to ZnSQ. After addition of sulfuric acid, Cu

Even when we tried ZrCW® couple as the activated residues and the ZnSG@ormed are filtered oft Toluene
metal, we observed an initiation of the reaction after only was added to the mixture in a second vessel, which was then
10% of the bromoester was added to the reaction mixture.concentrated by distillation and washed three times with
This slightly shorter induction period led us to try the water. Further distillation and addition of toluene yielded a
formation of the Zn-Cu couple in situ. When we added ca. 30 wt-% solution ol in toluene. We applied this method
sulfuric acid to Zn and CuCl in THF, we observed a slightly to three batches starting from 5 kg of indan@and a fourth
exothermic reaction accompanied by evolution of hydrogen from 4 kg of2 and observed almost ideal results for a dosage-
gas. Indanon& was then added and the mixture heated to limited reaction. The temperature prior to the addition of
reflux. On addition of bromoeste? to this mixture, we bromoester was ca. 4L and started to rise after the first
observed the immediate formation @f by HPLC. This drops of bromoester were dosed. We obsefligd = 56—
second-generation process allowed the syntheslsupf to 63 °C (cf. Figure 1) at the end of the addition (total dosing
350 g per batch. time 15—30 min). This resulted in an observad = 13—

To evaluate its suitability for further scale-up, a reaction 20 K, which is lower than our estimate from the calculated
calorimetry experimentwas carried out. However, the results AT,g after dilution of 30 K, and can be explained by the
were rather disappointing. The heat produced during dosingdosing time and a significant heat transfer to the vessel.
of the bromoesteB wasQr = —241 kJ/kg and resulted in During the campaign we rinsed the reaction vessel only
a maximum adiabatic temperature rise &f,q; = 178 K. with THF followed by drying in vacuo after every run. Small
Since at that time we could not be sure that the reaction amounts of sediments of Cu- and Zn-salts did not affect
would always start immediately when starting the dosing of further batches and were removed completely after the final
bromoesteB, this was not considered to be a safe process! batch by boiling with aqueous ammonia. This campaign

To always be on the safe side, our idea was to use a moreyielded 28 kg ofl in toluene corresponding to an average
diluted, iterative process. We used half the concentration of yield of 98%.
the original process while sequentially adding the bromoester We learned from this campaign that even on pilot-plant
in three equal amounts. Our rough estimate was that doublingscale, the reaction was strictly dosage limited. For the next
the dilution will halve AT,q;, and addition of three sublots

(10) This was supported by a further reaction calorimetry experiment: addition

(6) Oda, Y.; Matsuo, S.; Saito Kletrahedron Lett1992,33, 97-100. of first sublot3: Qr = —48 kJ/kg,ATaq;= 36 K; addition of second sublot
(7) The induction period and the necessary amount of bromo8steeded 3: Qr = —46 kJ/kg,ATaq; = 35 K; addition of third subloB: Qr = —42
for initiation of the reaction varied between experiments. No correlation kJ/kg, ATagi = 33 K.
to any reaction parameter (such as concentration or addition rate) could be (11) Addition of3 at 20°C failed to initiate the reaction; 48C was chosen as
observed. a compromise of safety and reliability.
(8) (a) For a use of ZnCu couple in a Reformatsky reaction see: Santaniello, (12) The results of the reaction calorimetry of this process are in good accordance
E.; Manzocchi A.Synthesid977, 698—699. (b) We prepared the-Z@u with our prediction: Qr = —58 kJ/kg,ATagj = 36 K.
couple according to McMurry, J. E.; Lectka, T.; Rico, J.J5Org. Chem. (13) Most of the Zn residues were precipitated as Zn&©estimated by mass
1989,54, 3748—3749. balance. The contamination of Zn ions in the aqueous waste was not
(9) No other acids were tried for the activation of the Zn metal in situ. investigated.
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Figure 1. Temperature graphs during dosing bromoester 3 (typical run of second pilot-plant campaign).

campaign, we returned to higher concentration to increasekg, 12 mol, 0.2 equiv) was charged into a 250 L alloy 59
throughput and efficacy of the process. In the same vesselsyessel. THF (40.0 kg) was added atZD. To this solution,

we performed 24 batches starting from 10 kg of indan®ne  Zn powder (US-Zinc, 7.1 kg, 106 mol, 1.7 equiv) was added,
for each. The reaction mixture was 1.5 times as concentratedfollowed again by THF (48.8 kg). Concentrated sulfuric acid
as in the first campaign. All 24 batches showed dosage- (1.1 kg, 12 mol, 0.2 equiv) was added, and the mixture was
limited behavior during addition of the bromoesterThe heated to 43C. When the target temperature was reached,
dosing .time varied between 6 an(_j 43 min, and the observedy solution of indanone (9.8 kg, 60 mol) in THF (88 kg)
AT varied between 7.8 K (43 min dosing) and 24.2 K (6 \yas added. This latter solution was prepared prior to the
min dosing). The large variations of the dosing time are a (a5ction and tempered at 4%. After addition of the

result of varying adjustments at the dosing pump and ;,yanone solution, bromoest(13.4 kg, 73 mol, 1.2 equiv)

emphasize the robustnes; of the process. The yield varieq, .« yosed over approximately 15 min. The pump and pipes
between 89 and 96%, while the average yield was 92%. Inwere rinsed with THF (2.0 kg). The reaction mixture was

total we obtained 329 kg (net weight) of the title compound stired with a jacket temperature of 4& for 1.5 h and

as solution in toluene. ) : .
In conclusion, we have developed a process that enables;ggseg;znsy cooledd:jo dZG: (;Dtllhuted. stulfunc au? & ; {20
us to supplyl in sufficient amounts for further synthetic b, 33.3 kg) was added, and the mixture was stirred a

steps. Furthermore, this process is an application of the C for 10 h. The mixture was transferred via a filter nutsche

Reformatsky reaction on pilot-plant scale and circumvents to a 650 .L alloy 59 yessel. The first vessel, the filter nut.sche,
usual drawbacks of this reaction. The key to a successful@nd all pipes were rinsed with toluene (64.8 kg). The mixture
activation of the Zn metal is the use of CuCl in combination Was concentrated in vacuo (150 mbar) by distilling off THF
with sulfuric acid. Our process is safe and dosage limited (90 kg). Water (3x 30 kg) was added, and the layers were
even on pilot-plant scale. The reaction can be performed atseparated. The aqueous layers were disposed of. THF and
a higher concentration to increase the throughput. Wastetoluene (97 kg) were distilled off in vacuo (150 mbar),
treatment with regard to Zn contamination should be resulting in a solution of in toluene (32.70 kg, 41.9 wt %
considered before further scale-up. of 1), corresponding to an assay-corrected yield of 92%
(13.70 kg ofl).

Experimental Section

Analytics. Methyl 2-(6-methoxy-1H-inden-3-yl)butanoate Acknowledgment
(1) was quantified by HPLC against an external reference

standard. HPLC analysis was performed on a Phenomenex W€ thank Dieter Heitkamp for performing the calorimetry

ODS IIl RP-18, 3um column (150 mmx 3 mm) at 45°C experiments and DTA-measurements and Clemens Bothe for
with a flow rate of 0.5 mL/min, UV-detection at 210 nm, his supportin preparing the pilot-plant campaign. We thank
and the following linear gradient (solvent A 10 mM Joachim Rehse and his team in the pilot plant for performing

phosphate buffer pHE 2.4; solvent B= methanol): 0 min two campaigns so well and for many fruitful discussions.
A:B 80:20; 15 min A:B 20:80. All other analytical data are
in accordance td (CAS-RN 496060-58-3)

Representative Procedure on Pilot-Plant Scale for
Methyl 2-(6-Methoxy-1H-inden-3-yl)butanoate.CuCl (1.2 OP049778L
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