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SnCly-Zn complex provided a novel reductive system in the deoxygenative cross-coupling of
aliphatic, aromatic, chalcone epoxide and indanone carbonyl compounds to olefins in high yield
(55-86%) at reflux temperature in THF. The advantage of this reagent is inexpensive, short reaction time,
and high yield compared to the reagents used in the McMurry cross-coupling reaction.
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Introduction

In the carbon-carbon bonds formation, the McMurry reaction
plays an important role to obtain homo- and cross-coupled alkenes
from aliphatic and aromatic aldehydes and ketones in the presence
of in situ generated low valent titanium (LVT) reagents at reflux
temperature.! However, the reaction gave a moderate yield of
cross-coupled product due to homo-coupled product formation.
To enhance the yield of the cross-coupled products under mild
reaction conditions, the different reagents are explored for the
McMurry reaction. For example, magnesium-mercury couple,
NbCls/NaAlH,4* zinc-copper couple,® LiAlH,* dicyclopentadienyl
titaniumdichloride,” trimethyl aluminum.® Although, these proce-
dures have drawbacks like costly reagents, low yield, the longer
reaction time, and/or less functional group tolerance. In recent
years, tin tetrahalides (SnXy4, X = Cl, Br) have been widely used as
Lewis acids in numerous organic syntheses.” In many cases, they
have been reported as efficient catalysts and easy to handle as
compared to other metal halides such as TiX4 AlXs, ZnX,, and ZrX,.8

Generally, the metal alloys are prepared by the Rieke’s method
and used as a reductive deoxygenating agent for the carbonyl com-
pounds in the organic synthesis.® For example, in the McMurry
reaction Ti(IV) reagent reduced to Ti(Il) in the presence of Zn as
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reducing agent in THF. Thus, a complex of TiCl,-Zn-(THF), gener-
ated in situ known as low valent titanium (LVT) has been used in
the reductive deoxygenating coupling of aldehydes and/or ketones
to titanium pinacolates, followed by the removal of TiO, gave the
olefins, but the exact reaction mechanism is still debatable.'®"!
Likewise, we expect that it might be taking place in SnCl4-Zn (used
in 1:2 ratio) and THF to form a complex of SnCl4~Zn-(THF), in situ
low valent tin (LVT) as Sn(II) which converted carbonyl oxygen to
tin pinacolate, followed by the removal of SnO, to give the olefins.
Therefore, in continuation of our interest to develop new meth-
ods in the organic synthesis and the acid catalysis reactions'? here-
in, we report a novel and efficient reagent, SnCl4-Zn system for the
McMurry cross-coupling reaction in the conversion of aliphatic and
aromatic ketones, aldehydes, chalcone epoxides, and indanones
into olefins and also useful in the synthesis of molecules like tamox-
ifen analogs in good yield within 4-4.5 h at reflux temperature.

Results and discussion

Initially, we optimized the cross-coupling reaction conditions in
the reaction of chalcone epoxide 1 and propiophenone 2 used in
1:1.5 ratio and varying the equivalents of SnCl4;~Zn (used in 1:2
ratio). We obtained the cross-coupled product in 50% and 55%
yields in 4 h using 1 and 2 equiv of SnCl4-Zn, respectively (Table 1,
entries 1 & 2). Then, SnCl4-Zn was used in 3 equiv, the yield was
serendipitously improved up to 75% in 4h (Table 1, entry 3).
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Table 1
Optimized condition for the cross-coupling reaction using different equivalents of
SnCl4-Zn
SnCl4-Zn (eq.)
Q)H 64-66 °C
1 2

Entry SnCly-Zn Time (h) Yield?® (%)

1 SnCly-Zn (1 equiv) 4 50

2 SnCly-Zn (2 equiv) 4 55

3 SnCly-Zn (3 equiv) 4 75

4 SnCly-Zn (3.5 equiv) 4 60

5 SnCly-Zn (4 equiv) 4 35

Bold entries are indicated the most favored optimized reaction condition.
2 Isolated yield of cross-product.

Further, an increase in SnCl;-Zn equivalent decreased the yields of
the cross-coupled product and increased the homo-coupled prod-
ucts (Table 1, entries 4 & 5).

Similarly, we optimized the reaction time, by monitoring the
progress of reaction between 1h and 3 h at reflux temperature,
which gave maximum 60% yields (Table 2, entries 1-3). Further,
an increase in the reaction time to 4 h gave a very good yield up
to 75% (Table 2, entry 4). However, a further increase in the reac-
tion time to 5 h, decreased the product yield (35%) (Table 2, entry
5). After separating the homo-coupled (minor) products, we also
determined the ratio of E and Z isomers in the cross-coupled pro-
duct, where E-isomer and Z-isomer were found as major and minor
products, respectively. Due to the close Rr-values of these isomers,
we were unable to separate the Z-isomers using the column chro-
matography. However, the yields of Z-isomers (2-5%) were con-
firmed by '"H NMR and GC spectral analysis."*

Under optimal reaction conditions, the efficiency of different
McMurry reagents was compared (Table 2). Aluminum and Indium
complexes gave poor products yield (20%) at reflux in 14 h (Table 2,
entries 1, 2). However, the titanium complex (TiCly;-Zn-THF) gave
the yield (40%) at reflux temperature in 6 h (Table 2, entry 3), while
the tin complex (SnCl;-Zn-THF) gave the optimal yield (75%) at
reflux temperature within 4 h (Table 2, entry 4). Other reagents
gave poor yield (traces to 20-25%) in acetonitrile solvent (Table 2,
entries 5, 6, 7) (Table 3).

Table 2
Optimized condition for cross-coupling reaction by varying reaction times

O O
0
O o SnCly-Zn |
Q *

R —
64-66 °C/ time O (6]

Entry SnCl4-Zn Time (h) Yield® (%)
1 SnCly-Zn (3equiv) 1 20
2 SnCly-Zn (3 equiv) 2 35
3 SnCly-Zn (3 equiv) 3 60
4 SnCl;-Zn (3 equiv) 4 75
5 SnCly-Zn (3 equiv) 5 65

Bold entries are indicated the most favored optimized reaction condition.
@ Isolated yield of cross-product.

Table 3
Comparison of the McMurry reagents in cross-coupling of chalcone epoxide and
propiophenone

‘)J\R‘ ©)H McMurry Reagents O
O

Entry McMurry reagents Time (h) Yield® (%)
1 AlCl5-Zn (3 equiv) 14 20

2 InCl5-Zn (3 equiv) 14 20

3 TiCl4~Zn (3 equiv) 6 60

4 SnCl;-Zn (3 equiv) 4 75

5 AlCl5-Zn (3 equiv) 14 Trace

6 InCl3-Zn (3 equiv) 14 Trace

7 TiCly-Zn (3 equiv) 14 20

Bold entries are indicated the most favored optimized reaction condition.
2 Isolated yield of cross-product at 64-66 °C.

, 1 R2 Rr! RA_R!
R\n/R +)(j)\ SnCly-Zn-THF j( N R;[R' N I

64-66 °C

6a-6¢ 2ab-2ad 3aa-3cc 4aa
yield 80-85%  yield 5-10% yield 5-10%

Entry R' R’ Time (h) Yield (%)

I PH H 1 85(2ab)

2 PH CH; 1 82(2ac)

3 PH PH 1 80(2ad)
“Isolated yield.

Scheme 1. SnCly-Zn mediated deoxygenative cross-coupling of aromatic ketone
and aldehyde with acetone under optimized conditions.

In the case of aromatic aldehydes or aromatic ketones 6a-6¢
with acetone (1:1.5 ratio) and SnCly-Zn (1:2 ratio) gave the corre-
sponding cross-coupled olefin 2ab-2ad in excellent yield 80-85%
along with minor homo-coupled product 3aa-3cc and 4aa in yield
8-10% at reflux temperature within 1 h (Scheme 1). The reaction of
aromatic aldehydes or aromatic ketones 7a-7g with SnCl4-Zn gave
the homo-coupled olefins 8a-8g in excellent yield 70-86% at reflux
temperature within 1 h. Products 8a-8g were characterized on the
basis of their spectral data IR, 'TH NMR, and melting point and com-
paring it with those of authentic samples (Scheme 2).

R__R SnClyznTHF R R
\g/ 64-66 °C R,/\l[R
Ta-7g 8a-8g

Entry Product R R Yield(%)"
1 8a Me Me 85
2 8b Ph Ph 82
3 8¢ Ph H 85
4 8d 4FCH, H 83
5 8e 4-CIGH, H 80
6 8f  4MeCH, H 70
7 8g  4-OMeCH, H 86

“Isolated product yield.

Scheme 2. Deoxygenation of simple carbonyl compound to olefin by using SnCl4-Zn.
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0 R‘ ‘

RY__R! ]
I . SnCly-Zn-THF R Lt
64-66 'C O

9aa-9cc 10aa
yield 5-8% yield 5-8%

11ab-11ad

9a-9¢ 10 yield 70-80%

Enty R' R®  Time (h) Yield (%)
1 PH H 2 80(11ab)
2 PH CH; 2 77(11ac)
3 PH PH 2 70(11ad)

“Isolated product yield.

Scheme 3. Under optimized conditions, SnCl4-Zn mediated deoxygenative cross-coupling of aromatic ketone with propiophenone.

SnCl,;~Zn mediated deoxygenative cross-coupling of chalcone epoxides with propiophenone

[0}

4a-4j 5h

SnCly-Zn-THF

64-66 °C

‘ Cr

3ab-3ak . 4aa-4jj
yield 55-75% yield 8-10%

3
R 5bb
yield 8-10%

Entry 4a-4j 5b Cross-coupled products (3ab-3ak) Homo-coupled products Time (h) Yield® (%)
4aa-4jj 5bb
I i
(J o Q)H |
Cl
1 O O o 8 10 4 66
’ e
i O
O ° OMe ©)JW
2 cl O O °  owe 9 8 4 60
OMe O
OMe
OMe
3

i O
(J |
Br O O o 10 9 4 64
Me Br O
3ad Me

(continued on next page)
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Table 4 (continued)

Entry 4a-4j 5b Cross-coupled products (3ab-3ak) Homo-coupled products Time (h) Yield® (%)
4aa-4jj 5bb
(0]
(J
Cl
4 8 8 45 58
Me
Me
(0]
(J
5 Br O 10 10 45 55
Br
(0]
O
6 O 9 8 4 75
(0]
()
7 F O 10 9 4 72
(0]
()
8 O 9 9 4 70
F
(0]
(O
9 F O 10 10 45 68
F
o
10 9 4.5 67

(0]
w C
Cl

@ Isolated yield of cross-product at 64-66 °C.

Further, the reaction of aromatic aldehyde or aromatic ketone
9a-9c with propiophenone 10 (1:1.5 ratio) and SnCly-Zn (1:2
ratio) gave the cross-coupled olefins 11ab, 11ac, and 11ad in 80,
77, and 70% yields respectively along with homo-coupled products
9aa-9cc and 10aa in 5-8% yields at reflux temperature in 2 h
(Scheme 3).

The tin reagent (SnCl4-Zn) was further applied as an alternate
reagent in the McMurry reaction for the synthesis of various classes
of carbonyl compounds. For example, the cross-coupled products
3ab-3ak were obtained in good yield (55-75%) from different
chalcone epoxides 4a-4j and propiophenone 5b under optimized

reaction conditions (Table 4). Along with major cross-coupled
product some minor homo-coupled products 4aa-4jj and 5bb were
obtained in 8-10% yields. These homo-coupled products were iso-
lated and the yields of product were written as isolated yields. The
products were characterized on the basis of their spectral data. In
'H NMR spectra, the characteristic doublet signal appeared for
3ab-3ak in the range of 6§ 3.85-3.20 ppm, whereas for the com-
pounds 4a-4j was obtained in the range of 5§ 4.30-4.20 ppm, the
characteristic quartet and triplet signal of ~-CH,CHs appeared in
between ¢ 0.80 and 2.5 ppm, indicates the cross-coupling reactions
(experimental section).
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Table 5
Synthesis of tamoxifen analogs (E isomers) of indanone using novel SnCl4-Zn reagent

[0
O
R’ +

R'=H,R>=Cl

SnCly-Zn/THF

R

1559

64-66 °C
R1

3al-3a0
yield- 58-72%

2

Entry Indanone/ketone Propiophenone derivatives

Tamoxifen analog (3al-3ao0) Time (h) Yield® (%)

o

2 Isolated yield of cross-product at 64-66 °C.

The tin reagent (SnCly-Zn) was also successfully used in the
synthesis of tamoxifen and tamoxifen analogs (Table 5). Products
3al-3ao were synthesized in good yield 58-72% at reflux tem-
perature in 4-5 h using SnCl,/Zn (1:2 equiv) and the products were
confirmed on the basis of their spectral data (Supporting informa-
tion). For example, product 3al, the '"H NMR spectra showed the

characteristic double doublet peaks at & 4.70-4.60 ppm for
CH-CH- which shifted from § 5.30 to 5.23 ppm in the indanone
molecule and the characteristic quartet and triplet peaks of
-CH,CH; protons appeared at § 0.90-2.30 ppm, indicated the
cross-coupling product.'* The structures of all other compounds
were further confirmed by IR and HRMS.
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Table 6
Determination of E and Z tamoxifen analogs by using novel SnCl4-Zn reagent

OH
Q HO

R1=F, Cl, Br
R2= /O\/\’I‘/ /O\/\D

/©)‘\‘ SnCl, -Zn/THF
64-66 °c

4ab-4ac Sab-5ac
yield-52-55% yield-8-10%
Entry Indanone E-Analog® Z-Analog® Time (h)
O HO,
o 2
Br 4ab
0,
O’ oH yield- 55%
1 O 5
O\\\ !
/ (e}
N Ly
(0] HO,
o 0
Br
J
Q O’ o 4ac
2 yield- 52% 5

O\\N\D

¢ Isolated yield of E and Z isomers.

Compounds 4ab-4ac and 5ab-5ac were synthesized as a mix-
ture of E and Z isomers which can be separated by using column
chromatography and by comparing their spectral values in the
literature. We observed that the E isomer is the major isomer with
52-55% yields and Z isomer is the minor product with 8-10% yields
in 5 h, using SnCly/Zn (1:2 equiv) in indanone and propiophenone
(1:1.5equiv). The 'H NMR chemical shift (6) 1.0-1.3 ppm
for -CH3 and 2.0-2.3 ppm for -CH, indicated the E isomer of
products 4ab-4ac and ¢ 0.6-0.7 ppm for —-CH3 and 1.6-1.9 ppm
for —CH, gave the Z isomer for products 5ab-5ac. Similarly, 'C
NMR chemical shift (6) 13-15 ppm for -CH3 and 27-28 ppm for
—-CH, indicated the E isomer for products 4ab-4ac and 6 10-
12 ppm for -CH3 and 23-25 ppm for -CH, gave the Z isomer in
5ab-5ac.!® Similarly, the products 3ab-3ao were characterized
as E-isomer. The '"H NMR chemical shift () values of ~-CH,CH3 in
products 3ab-3ao are matched with the 4ab-4ac (E-isomer) and
not with 5ab-5ac (Z-isomer). We were unable to isolate the
Z-isomer due to close Ry values. However, the yields of Z-isomers
(2-5%) were further confirmed by GC analysis (Table 6).

Conclusion

In conclusion, we have reported a novel, efficient, and economical
tin-reagent for the reductive cross-coupling reaction of carbonyl
compounds under the McMurry coupling with aliphatic and aromatic
ketones, aldehydes, chalcone epoxides, and indanones in high yield

with minor homo-coupling products. To our knowledge, no studies
exploiting this reagent for such conversion have previously been
reported.
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