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ABSTRACT: A tandem reaction of thioesters with vinyl-
magnesium bromide is reported. The initial acyl substitution
provides an a,f-unsaturated ketone which further reacts with
the liberated thiolate. This transition-metal-free synthesis of /-
sulfanyl ketones takes place under mild reaction conditions,
whereas the addition of a second Grignard molecule is almost
completely suppressed. The carefully chosen parameters
enabled the transformation of different substrates in moderate
to good yields.

hioesters are more reactive than alcohol-derived esters

due to the poorer orbital overlap between the sulfur atom
and the carbonyl group. They can be synthesized by various
methods based on acylation chemistry' or metal-catalyzed
transformations.” Therefore, they are of great importance in
numerous synthetic applications,” for example, in the synthesis
of ketones by a nucleophilic substitution with organometallic
reagents. In general, this transformation was 1ntens1ve1y
investigated using various carboxylic acid derivatives.” The
main issue is the control of chemoselectivity because a second
attack of the C-nucleophile to the desired ketone generates a
tertiary alcohol, which has to be avoided (overaddition).
Thioesters are less affected by this problem than oxoesters,
since they are more reactive than the resulting ketones, but the
overaddition can only be prevented by an inconvenient
controlled slow addition of the nucleophile.

Fortunately, transition-metal (TM) catalyzed cross-coupling
reactions can be used as an alternative. The oxidative addition
of the TM into the C(O)—S bond, followed by transmetalation
with an organometallic compound and reductive elimination,
enables the chemoselective formation of ketones (Scheme 1a).
In their pioneering works, Fukuyama, Liebeskind, and Strogl
reported a number of couplings employing different organo-
metallic compounds (based on Zn, B, Sn, and In)
combination with a palladlum catalyst.” Nickel-catalyzed
versions were reported, as well.” Moreover, the reaction of
thioester and Grignard reagent was shown by Marchese et al.”
The transformation was catalyzed by 4 mol % Fe(acac); and
conducted under mild reaction conditions (0 °C, S—10 min)
in THF using aromatic and aliphatic Grignard reagents.

Since the employment of some transition metals is
expensive, uncatalyzed versions are always of considerable
interest (Scheme la). Anderson et al. reported the generation
of ketones from S-alkyl and S-aryl thioesters with
organocopper(I) complexes (e.g., ("Bu),CulLi) in good yields.*
By the application of 1.0 equiv of "BuMgBr, the tertiary alcohol
and the starting material were obtained in equal amounts,
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Scheme 1. Transition-Metal-Catalyzed and -Free Synthesis
of Ketones from Thioesters

a) Previous work:

(1) Transition metal-catalyzed cross-coupling reaction

M = ZnX, [TM] = Fukuyama
1% R°M i M = B(OH)y, [TM] = Liebeskind, Srogl
R1JJ\SR2 [TM]cat. Rt “gs M=Sn"Bug, [TM] = Liebeskind, Srogl
M = In(X), [TM] = Liebeskind
M = MgBr, [TM] = Marchese
etal.
(2) Uncatalyzed ketone synthesis from thioesters
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(b) This work:
Transition metal-free tandem reaction (nucleophilic substitution + Michael addition)
ZMgBr Yiar T !
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Challenge: avoid possible second Grignard addition - side-reaction (a)

- side-reaction (b)

whereas use of 1.5 equiv of "BuMgBr-Cul led to the desired
ketone in >80% yield. A successful TM-free conversion of S-(2-
pyridyl)thioates (1) with Grignard reagent without the
formation of a tertiary alcohol was shown by Mukaiyama et
al.” They argued that these substrates are able to form a six-
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membered complex 2, with nitrogen being coordinated to the
magnesium ion. This complex reacts very slowly with a second
Grignard molecule in comparison to the starting material and
therefore enables a complete suppression of the side-product
formation. Thus, 2-pyridyl thioesters can be considered as
alternatives to Weinreb amides."”

Herein, we report a transition metal free tandem reaction of
thioesters with vinylmagnesium bromide (3) under mild
reaction conditions (0 °C, 1 h) (Scheme 1b). An initial
nucleophilic substitution of the thioester with 3 generates the
Michael acceptor 4, followed by a nucleophilic addition of the
free thiolate to furnish f-sulfanyl ketones, which show unique
synthetic'® and also potential medicinal'" applications. We also
proposed the formation of a six-membered complex, which
enables a chemoselective formation of ketones, whereas
overaddition is almost completely suppressed. This reactivity
was also inadvertently observed by Chen et al. in the synthesis
of (+)-biotin."* In the application of other Grignard reagents,
such as 1-propenyl- and isopropenylmagnesium bromide, no
selective ketone formation was observed, which emphasizes the
unique reactivity of 3 (see the Supporting Information for
details).”

The first experiments were performed using thioester 5a and
vinylmagnesium bromide (3) in THF. At the beginning of this
project, we struggled with reproducibility problems. We came
to the conclusion that crystallization of 3 from the reaction
mixture, which can already take place below 25 °C, might be
the source of the problem. Since crystallization is strongly
influenced by purity and temperature, it is extremely important
to ensure the same conditions for each reaction. Therefore, the
batch of purchased vinylmagnesium bromide (different
purities), cooling system (different cooling capacity of Dewar
and crystallizing dish), and reaction flask (different wall
thickness and volume of the flask) might influence
crystallization and cannot be varied during the comparison of
different reaction parameters. Thus, every new batch of 3 was
applied in a test reaction in order to see if the yield has
changed. If crystallization is taking place, the problem can be
overcome by increasing the amount of solvent.

In the initial optimization using Sa as a test substrate,
different temperatures, reaction times, and equivalents of
Grignard reagents and additives were tested (Table 1). As
expected, no reaction was observed at —78 °C because
vinylmagnesium bromide crystallized instantly. On the other
hand, side reactions became more likely at room temperature,
resulting in a yield of only 51% (Table 1, entry 4). The best
result was observed at 0 °C (Table 1, entry 3), providing 6a in
75% vyield with almost full conversion of thioester. Since a
lower amount of Grignard reagent might prevent a second
attack of vinylmagnesium bromide either to product 6a
yielding alcohol 8 or to the intermediate 4 (to give 7), 1.2
and 2.0 equiv of 3 were applied. However, the yields dropped
significantly (Table 1, entries S and 6). The combination of a
low concentration of the substrate (0.12 mol/L) and a large
excess of the Grignard reagent could facilitate the side reaction
(b) (Scheme 1), which might be avoided by the addition of
external EtSH (Table 1, entry 7). Interestingly, lower amounts
of the product were formed. Despite the small concentration of
free thiolate, the high selectivity for the nucleophilic addition
of EtSH instead of 3 to the Michael acceptor 4 is remarkable.
Therefore, we suggest the formation of chelate 10 via 1,4-
addition of intermediate 9, in which the thiol is not leaving the

Table 1. Initial Optimizations”

o (0}
THF
C5H11)J\SEt Y eMgT T 05H11M8Et
5a 3 6a
1.0 equiv 1.2-3.0 equiv

Side products: = OH _—_ OH
CSH/H></ Csf‘:></\SEt
7 8

entry temp (°C) time (h) 3 (equiv) additive conv (%) yield (%)

1 —78 1 3 0 0
2 —10 1 3 89 73
3 0 1 3 97 75
4 rt 1 3 100 51
S 0 1 1.2 70 48
6 0 1 2 88 64
7 0 1 3 EtSH" 92 66
8¢ 0 1 3 99 65
9 0 1 3 LiCl? 96 74
10 0 2 3 100 64
11 0 4 3 99 65

“Reaction conditions: Sa (163 mg, 1.02 mmol, 1.0 equiv), 3 (0.89 M
in THF), THF (5 mL); yields and conversions were determined by
quant GC—FID using n-pentadecane as an internal standard. EtSH
(1.0 equiv). “THF (1 mL). “LiCl (0.2 equiv).

coordination sphere and is able to attack the Michael acceptor
rapidly (Figure 1).

_MgBr /MQBF
S 0 skt
PN «

CSH11)\/ C5H11)\)
9 10

Figure 1. 1,4-Addition and proposed intermediates.

Lowering the amount of solvent and thereby increasing the
substrate concentration leads to lower yield due to the partial
crystallization of 3, which was observed during the reaction
(Table 1, entry 8). LiCl might accelerate the nucleophilic
attack to Sa or 4 (Table 1, entry 9) or modulate the reactivity
of 3,"* but no effect was observed. Longer reaction time led to
decomposition (mainly overaddition) of the product under the
reaction conditions. The general difference between con-
version and yield can be explained by the formation of small
amounts of several different side products, which were
observed by GC—MS of the crude mixture but could not be
assigned.

Since the reaction time plays an important role, the reaction
progress was evaluated in order to find the optimum balance
between product formation and degradation (Figure 2).
Indeed, highest yield and full conversion were observed after
1 h. In the further course of the reaction, the side reactions
became prevalent. Interestingly, upon treatment of isolated 6a
with vinylmagnesium bromide (3.0 equiv) in THF at 0 °C for
1 h, 8 was generated in 83% yield (100% conversion). In the
reaction progress study, only 11% of the product reacted with
the remaining Grignard reagent. Therefore, it can be assumed
that chelate 10 is formed in the reaction mixture, which
impedes the attack of the second vinylmagnesium bromide
molecule. In conclusion, the best result was observed using 3.0
equiv of 3 at 0 °C for 1 h. Compound 6a was generated in a
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Figure 2. Reaction profile for the conversion of Sa with vinyl-
magnesium bromide (3). Reaction conditions: Sa (160 mg, 998 ymol,
1.0 equiv), 3 (0.52—0.89 M in THF, 3.0 equiv), THF (5 mL), 0
°C, 2 h. Yields were determined by quant GC—FID using n-
pentadecane as an internal standard.

yield of 75%, which is satisfactory for a two-step tandem
reaction.

With the optimized conditions in hand, the substrate
screening was performed beginning with the investigation of
the influence of the S-substituent (Scheme 2). The same yield
was observed by using Sc instead of the ethyl thioester Sa. The
transformation of Sa was also conducted on a 10 mmol scale
with the same result (75% yield). The sterically more

Scheme 2. Substrate Screening”

o] o]
THF (5 mL)
R1J‘J\SR2 + Bng/\ 4-0 < 1h R1J\/\SR2
5a-r 3 6a-r
1.0 equiv 3.0 equiv
o R2= Et 5a  73% (75%)P
Pr 5b 53%

i "C,H;s 5¢ 73% 3
3 CH,Ph  5d  55% !

Cy 5e  39%
o Q o
S"C,H A(\,))k
SEt 715 =

5f 59 5h

traces 38% 45%
DA R :
! CeHs "C,H;s  5i 65% |
o ! 4-Me-CgH, "C;His  5j 53% |
L ! 4-OMe-CgH,  "C;H;5 5k 28% !
Ar” “SR? ! 4-CF3-CgHy C/Hys 5l 72% |
| 4-Cl-CqH, "C;His  5m 64% !
! 4-NOyCgHs  Et 5n 0% |

2-Me-CgH, "C,H;s 50 0%

o) o) o)
s”c7H15 Q/\)Ls Crtis N~ S"C7Hys5
5p 5q 5r
64% 70% 27%

“Reaction conditions: Sa—r (1.0 mmol, 1.0 equiv), 3 (0.52—0.89 M in
THEF, 3.0 equiv), THF (5 mL), 0 °C, 1 h. Isolated yields. bReaction at
10 mmol scale.

demanding thioesters Sb, 5d, and Se were less reactive,
generating a significantly lower yield. S-Phenyl-substituted
analogue led to a sluggish reaction and NMR vyield of 14%.
Then the carbonyl substituent was varied. Disappointingly,
only traces of the product were observed for the a-substituted
Sf, whereas fB-substituted Sg provided 6g in 38% vyield. The
long chain thioester Sh was also less reactive, furnishing 6h in
45% yield.

Furthermore, different aryl-substituted benzothioates (Si—
0) were tested. The unsubstituted Si showed a yield of 65%,
whereas the electron-donating substituents present in 5j and
Sk led to lower reactivity. Increasing the electron density at the
carbonyl center reduces the electrophilicity of thioester, and
therefore, the nucleophilic attack of 3 is slower. As expected,
the electron-deficient CF; group in the para-position increased
the yield to 72% (61). Chlorinated substrate Sm showed the
same reactivity as the unsubstituted one, which can be
explained by “chameleon-like” inductively electron-withdraw-
ing (—I) and electron-donating mesomeric (+M) effects. The
nitro group was not tolerated, which is not surprising since
reactions of nitroarenes with Grignard reagents are known in
the literature."® In addition, substitution at the ortho-position
seems to be a limitation of the catalytic system, since no yield
was observed by using So. Moreover, Sp showed a similar
reactivity as Si, with a yield of 64%, whereas Sq is more
compatible with Sa. Indole-substituted thioester Sr was
transformed in a yield of 27%, showing that a protection
step is not needed. The yield could not be increased by using 4
equivalents of 3. In most lower yielding reactions, the main
component of the crude reaction mixture was the unreacted
starting material and not one of the side products.

The synthesized f-sulfanyl ketones can be used to generate
P-sulfonyl ketones in one oxidation step with mCPBA, which
was shown in an exemplary way by using 6a as a substrate
(Scheme 3). p-Sulfonyl ketones are important structural

Scheme 3. Synthesis of #-Sulfonyl Ketones 11 from f-
Sulfanyl Ketones 6a

o
M __mcPBA
CsHaq S CH,Cl,
0 °C-rt
6
a 71%
NaBH,, MeOH DBU, CH,Cl,
0 °C, 30 min t,2h
66% 60% (GC yield)
OH (0]
Et
CsHys s” CsH11)J\/
12 13

motives in biologically active molecules'® and are also
common in organic synthesis."” Their treatment with DBU
led to the elimination of the sulfonyl moiety and formation of
valuable vinyl ketone 13. Moreover, 6a was reduced to the
corresponding 3-thio-substituted alcohol 12.

In conclusion, a transition-metal-free two-step tandem
reaction of thioesters with vinylmagnesium bromide was
investigated. The likely formation of a chelate complex hinders
the attack of a second Grignard molecule and, hence, the
formation of a tertiary alcohol. Low temperature (0 °C) and
short reaction times (1 h) enabled the transformation of
various substrates in moderate to good yields. The obtained
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products can be used as building blocks for other synthetic
transformations, e.g, the generation of S-sulfonyl ketones.
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