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ABSTRACT: In this communication, we describe a new methodHe carbonylative synthesis of acylstannanes foyhiodides
and hexamethyldistannane. With Pd(BPhs the catalyst and toluene as the solvent & &hder 10 bar CO for 16 h, the desired
acylstannanes were obtained in good to excelleitlyi In order to facilitate isolation and analysfe obtained acylstannanes
were transformed into the corresponding benzoidsaloy simply stirring under air for 5 hours.
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Recently, acylsilanes as versatile synthetic bogdblocks Scheme 1. M ethodologiesfor Acylstannanes Synthesis
have been employed in various interesting transitioms in
organic synthesig! Since Brook and Corey independently report- & Triphenyitiniithium reacts with acyi chiorides
ed the first example for the synthesis of acyls&h® a number L, el %
of methods for synthesis of acylsilanes have bemreldped*® R s rsnhs
In 2012, a palladium-catalyzed carbonylative couplof aryl

iodides with TMS-TMS to give the corresponding AGWIS was

b. Tributyltinmagnesium chloride reacts with aldehyde

o
I

developed in Beller's group. However, their heavier congeners, BusSnMgCl + 2RCHO —= R-C~gng,, + RCH,OMgCI
acylgermanes and acylstannanes, group-14 elememparmnds,

don’t get much attention as acylsilanes, despigér ttheoretical c. Acidolysis of stannylated alkyl vinyl ethers

and practical interest in organic synthesis. Rédgewour group oMe i OMe 1y 0
reported a carbonylative method for synthesis gfgermanes? 7~ ﬁ’ anMea —’ﬂsnMea
From the same strategy, we envisage the synthéssytstan- o

nanes through a carbonylative reaction. From liteea some d. Hydrolysis of a 1,3-dioxane derivative

methods have been developed for the preparatiaoyd$tannanes N N

(Scheme 1). In 1968, Peddle reported the first gtarfior synthe- 0__0 1. BuLi 0.0 H" o

sis of acylstannanes by the addition of tripheniittiium to acyl s / H 2 Messncl e /SnMea e /SnMea

chlorides at -7@ (Scheme 18)Subsequently, Quintard and co-
workers able to prepare acylstannanes from aldehgdd a Sn-
Mg organometallic reagent (Scheme $b)n addition, Hassner

e. Palladium catalyzed coupling reaction

and co-workers developed a method for the premeratf o R R )] g
- . . I+ R2snsiR? AL R ey B
acylstannanes by acidolysis of stannylated alkylylviethers R>Cl R Re R" s, RO=Me Bu

(Scheme 1cf! In 1983, Klumpp and co-workers obtained R

acylstannangls] through hydrolysis of a 1,3-dioxaeevdtive
(Scheme 1d 91 |n 1990, Mitchell and co-workers got acylstan- MesSn. o N,  435nm MesSn\ _o MesSn o
nanes by reacting acyl chlorides with hexamethyldih the WH T\/)jH Feanensement N
presence of palladium catalysts (Scheme Me)additionally, =

f. Photolysis of stannylfuranes

g. This work

Sander and co-workers described a method for thgapation of Direct carbonylation of aryl iodide with hexamethyldistannane
acylstannanes through photolysis of stannylfuraf®sheme o
1f) 1121 ~ ! P

) R _J + CO + MesSn—SnMes P, Nr “SnMes

R
=



On the other hand, since Heck and co-workers regdtie
first example in 1970s, Pd-catalyzed coupling rieacof aryl
halides with CO and different nucleophiles has bewtely used
not only in academia but also in industry for thegaration of the
carbonyl-containing compounél§! In 1985, in their studies on
palladium-catalyzed synthesis of symmetrical kesoner
diketones from aroyl chlorides andg&ty, Bumagin and co-
workers described one example on palladium-catdlyg@thesis
of 4,4’-dimethoxybenzil (71% yield) from 4-iodoanls (2 equiv)
in the presence of E3n, under CO pressure (8 bar) at 1°C1**
The authors proposed acylstannane as the intertagehhich is
most likely the case, however, no detection of stayinane was
possible rather than diketone and ketone.

Based on our continual research interests in cgthton
chemistry, we report here a new method for the hegis of
acylstannanes by palladium-catalyzed carbonylatbraryl io-
dides with hexamethyldistannane.

The initial investigation was carried out with Wd®4-
methoxybenzene and hexamethyldistannane as th&atebs To
our delight, the desired product (4-
methoxy)benzoyltrimethylstannane could be detecredsC-MS
as the major product with Pd(Pfhas the catalyst in THF at 80
°C for 16 hours under 10 bar CO. However, the daglsaane was
sensitive to oxygen and light, we failed to isoléte acylstan-
nanes by column chromatography. In order to obtsatated
yield and spectroscopic characterization, the #mytene product
was completely oxidized under air to give the cgponding
benzoic acid. Then we screened parameters to isbtdbe opti-
mal conditions for this reaction (Table 1). In teereening of
reaction temperature, we found that temperaturecwtisal to the
reaction, too high or too low temperature was moiducive to the
improvement of yield and 60 was the best temperature for this
reaction (Table 1, entries 1-5). Low reaction terapee leads to
low conversion of substrates, while arylstannaneobes the
main product under higher reaction temperature.tNaxset of
solvents were tested, and the yield increasedfiigntly to 92%
when toluene was employed (Table 1, entry 6). ligkéine and
DCE gave moderate yields (Table 1, entries 7 and@)product
was detected in MeCN (Table 1, entry 9). When weaeed the
palladium catalyst or changed the catalyst to Cliptthis reac-
tion could not proceed at all (Table 1, entries1P)- It revealed
the unique and important catalytic role of palladiin this car-
bonylative reaction. The target product can stil froduced in
61% yield when we carried out the reaction undemnoapheric
pressure CO (Table 1, entry 13). Finally, we weeéigtited to
find that the catalyst loading can be decreased % while
gave a similar yield 91% (Table 1, entry 14). Idewto compare
with Bumagin’s system, 2 equiv of 4-iodoanisole wedded
under our standard condition and 4,4’-dimethoxyilebecome
the main product even under lower reaction tempegatHence,
the product selectivity between arylstannane anadreeis mainly
controlled by the loading aryl iodides added.

Table 1. Optimization of the Reaction Conditions?

o}
/©/I+CO+MS*SML> OH
MeO esonToniies 2) under air,E,hNIeo
1a 2 3a
entry catalyst solvent temp yield
(%)
1 Pd(PPh)4 THF r.t. trace
2 Pd(PPh)4 THF 400 5

3 Pd(PP}), THF 600 66
4 Pd(PP}), THF 800 34
5 Pd(PPH), THF 1007 7
6 Pd(PPY)., Toluene 607 92(83¥
7 Pd(PPH). 1,4- 60 [ 68
Dioxane

8 Pd(PPH), DCE 600 57
9 Pd(PPH), MeCN 600 0
10 - Toluene  60] 0
11 Cul/Bipyridine Toluene 60 0
12 NiBr,/Bipyridine  Toluene 60 0
1¥F  Pd(PPH), Toluene 601 61
144 Pd(PPh), Toluene 60 91

*Reaction conditionsta (0.2 mmol),2 (0.22 mmol), catalyst (2 mol %), solvent (0.5
mL), 10 bar CO, 16 h, then stirring under air SNMR yield. “isolated yield 1 bar
CO.%atalyst (1 mol %)

With the optimal reaction conditions in hand, werthtested
other aryl iodides in this carbonylative reactidralfle 2). First,
we tried iodobenzene as the starting materialefpected benzo-
ic acid was obtained with 71% yield under the staddonditions
(3b). As shown in Table 2, iodobenzenes with methyissituted
at different positions could be well tolerated ahelivered the
target products in good to excellent yield¥x-8f). When the
substituents were replaced with ethyl aed-butyl, the corre-
sponding products were achieved with 64% and 83&tdyi
respectively &g, 3h). Moreover, the reaction with 1-
iodonaphthalene proceeded smoothly as well and tevdesired
product in 87% yield Ji). Gratifyingly, N-pyrrole-substituted
iodobenzene was also well tolerated in this tramséion, deliv-
ering the corresponding benzoic acid in 54% yi8|J. When the
methoxy group located in theeta-position, the yield was lower
than in thepara-position @k). As the number of substituted
methoxy groups increased, the yield of the cornedp product
increased 3l). Unfortunately, substrates with electron-
withdrawing groups, such as -Cl, -F, -CFCOOMe, lead to low
yields of the target products (< 10%; see Suppdidrination).
One of the main reasons was that the acylstanrieoraselectron-
withdrawing substituted aryl iodides are easilygm to decar-
bonylation to give ArSnMgeven under low pressure of carbon
monoxide. ArSnMg were detected in these cases. Additionally,
(BusSn), and (E4Sn), were tested with 1-iodo-4-methoxybenzene
under our standard conditions as well, but no ddsproducts
could be detected. It is also important to mentioat a control
experiment without hexamethyldistannane was caroet as
well. Only trace amount of the corresponding caytioxacid was
detected in GC-MS which might due to the trace amhodfi water
in the solvent and produced via hydroxycarbonytatio

Based on our results and literatre® a plausible reaction
pathway is proposed in Scheme 2. First, oxidatigditeon of
palladium to aryl iodide to obtain arylpalladiumneplexA. Next,
acylpalladium compleB is generated by the migratory insertion
of carbon monoxide. Subsequently, intermediBtaundergoes
transmetalation with distannane to give stannyl glesaC, and
the by-product ISnMgcan be detected on GC-MS. The final
acylstannane products can be delivered by reduelingination
from complexC, and meanwhile regenerate the active palladium
species for the next catalytic cycle.



Table 2. Synthesis of Acylstannanes from Aryl lodides. Reac-
tion scale: 0.50 mmol, isolated yields.

(o]
I
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60°C, 16 h
1a 1 equiv 10 bar 2 1.1 equiv then under air, 5 h 3
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Scheme 2. Proposed Reaction M echanism
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In conclusion, an interesting procedure for thetlsgsis of
acylstannanes from aryl iodides and hexamethyidigtae by
direct carbonylation has been develop&d® with Pd(PPh), as
the catalyst and toluene as the solvent at'6Gnder 10 bar CO
for 16 h, the desired acylstannanes were obtaimegbod to ex-
cellent yields which can be easily converted ifte torrespond-
ing benzoic acids by simply stirring under air.
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1. Thefirst palladium catalyzed carbonylative synthesis of acylstannanes from aryl iodides and
hexamethyldistannane has been devel oped.

2. With Pd(PPhs), as the catalyst at 60 “C, the desired acylstannanes were obtained in good to
excellent yields.

3. The obtained acylstannanes can be transformed into the corresponding benzoic acids by simply
stirring under air.
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