\- TETRAHEDR

Pergamon Tetrahedron 54 (1998) 10851094

A Straightforward Route to Polyenylsilanes by Palladium- or Nickel-
Catalyzed Cross-Coupling Reactions
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Abstract: An efficient conversion of bis-silylated dienes and trienes into polyenylsilanes
by cross-coupling reactions is described. The aryl substituted poiyenes are synthesimd
by ipso-borodesilylation with BCl; followed by Pd-catalyzed coupling reactions of th

recultmg boron derivative with arv] halides, whereas the qvmhpcm of alkvl substituted
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polyenes requires the conversion of the boron intermediate mto iodo-derivative and the
subsequent coupling with alkyl Grignard reagents in the presence of a Ni(II) catalyst.
© 1998 Elscvier Science Ltd. All rights reserved.
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In the last few years work performed in these' and other laboratories” has shown the synthetic versatility
of polyenylsilanes. Indeed, the synthesis of a variety of natural compounds presenting a backbone of conjugated
double bonds (e.g. ostopanic acid, ' parinaric acid,'® leukotriene Bs,'® SM-9064,'" various dienyl amides™) has
been made possible by 1

we have shown that polyenylsilanes can undergo an easy homocoupling reaction®! (eq. 1) which, by doubling

the number of double bonds in one step, permits to obtain polyenes of potential interest in the field of
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n=1-3 R=Ar, ArCH,CO or ArCO

With this background, we became interested in secking new routes to polyenylsilanes and, therefore, we
evaluated the possibility of operating a chemoselective substitution with an appropriate reagent of one of the
trimethylsilyl groups of (1E,3E)-1,4-bis(trimethylsilyl)-1,3-butadiene 1a and (1E,3E,5E)-1,6-bis(trimethyl-

silyl)-1,3,5-hexatriene 1b.

Me3SiW\QiM Me3Si\N\/\Q Me,
1a 1b
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In principle, the above bis-silylated compounds could be transformed into a mono-silylated system by
reaction with organometallic reagents in the presence of transit metals.’ However, it is worth noting that,

until recently, alkenyl silicon compounds, if compared with other organometaiiics, have not been considered
synthetically useful for transition metals-catalyzed cross-coupling reactions, with respect to generality,
efficiency and selectivity. In particular, the major drawback of the trimethylsilyl derivatives has been their
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carbon-silicon bond. As a consequence, only some cases are reported in the literature, in which trimethylsilyl

derivatives are coupled with aryl or vinyl halides.” Exam ples of the failure of the process are also known,®
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We have recentlv aovercome the above limitation. disclogine a novel and efficient method® for a2 simnle
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and rapid conversion of I-alkenyl-trimethyisilanes into substituted alkenes, by ipso-borodesilylation with BCls
and subsequent palladium-catalyzed coupling reactions of the resulting haloborane with organic halides.

Now we wish to repon our successful attempts to extend the novel methodology to bis-silylated systems,

With this aim, the silanes 1a,b were subjected to reaction with boron trichloride in methylene chloride and
we found that also for these conjugated systems an easy seleclive ipso-borodesilylation occurred, involving only

rotndecilvlation reaction wac found to
rologesuy:atio aclion was 1o )

trimethvisily ] oun. In the case of trienvl silane 1b an extensive
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ne trimethylsilyl group. In the
take place as a competing process. However, such a drawback was avoided by adding the boron trichloride to
the solution of 1b containing 2-4 equiv of sodium carbonate. Moreover, we found that the boronic esters 2a,b

could be obtained in good yields provided that the intermediate boron derivative was added to catechol in

benzene9 at room temperature (Scheme 1).

Scheme 1
4\
7\
Qo
MesSi\( AN 1) BCly/CH,Cl Oié{jlﬁ\,//f\
i SMes o techol/CH, nSiMes
1o (n— 1)\ 23 i=1) 64%
1a \i=1jy «8 (I1=1) 0470
1b (n=2) 2b (n=2) 61%

It is noteworthy that polyunsaturated boronic esters are usuaily prepared by hydroboration of enynes with
catecholborane.'® Therefore, our approach should represent an efficient and alternative choice for the synthesis
of these derivatives, starting from readily accessible bis-silylated polyenes.

Obviously, the boronates could serve as useful starting materiais for the Suzuki-Miyaura cross-coupling
reaction.!! However, we were able to set up a more simple cross-coupling procedure using directly the

intermediate deriving from the transmetallation step, as depicted in Scheme 2.
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Scheme 2
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Benzene 3
R = aryl, 2-thienyl or dienyl

nd tetraenylsilanes were o tained in fair
to good yields. In the case of the dienyl compound 1a, after the transmetallation step, methylene chloride was
evaporated and the intermediate boron derivative was dissolved in the new solvent (Table 1, entries 1-3). In the
synthesis of the trienyl and tetraenyl systems (Table 1, entries 4-6), in order to obtain fair to good yields of the
coupling product, it was found convenient to add 2-4 equiv of Na,COs to the solution of 1 before treating with
BCl;. The intermediate resulting from the treatment with BCl; was then reacted with an aqueous solution of
sodium carbonate and finally the cross-coupling step was performed in the usual conditions.

Diluansloilanas ey Crimnli AMMivniien MNencn Macaling Danatiane
TULYCHYISHALIC) UY SULURI-IVL

el 1 Arzen e
iT 1. tyaula i SS- !.,Uupllllg I\.CdbuUllb

Entry Compound Halide Product Yieldsa
1 3 (%)

MeO__~ AN
2 1 | 61
MeO NN NsiMes
(3b)
Z _Br Me_ N
3 1 gl | 7
* M NANFNF NsiMe,
(3¢)
A
4 1h bc ﬂ I [ " o 45
- NF WVV\QiMeg
(3d)
b.c N-Br (//,\l'
5 b (_S S/]\/\/\%\SM3 38
(3e)

lg)
(=¥

6 la”’ i i 70
Me;SW\I MesSin N\ AN SiMes

-

(30

a Yields refer to isolated products; b BCl3 was added to a solution of 1b containing 2-4 equiv

of Na,CO»3; € The boron derivative was reacted with a 2 M aqueous solution of Na ,COs3; d The
coupling reaction was performed in toluene:MeOH (1:1) as solvent.
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In view of the fact that alkyl halides having B-hydrogen atoms find a limited use in the Suzuki-Miyaura
cross-coupling reaction, 5,2 the synthesis of alkyl substituted polyenes required a variation of our strategy, as

shown in Scheme 3.

Scheme 3
1) BCla/CH,Cl,
2) Na,CO RMgX
M&S!\{{;N)R'/A\SM% 3; Iz/:JaO:{ L{\/Njﬁf “SiMe; Nl(fl) R‘(V/Alﬁ//\sm%
1a,b EL0 dam=1) 2% 5
4b(n=2) 710%
Indeed, following the procedure reported for vinyl boronic acids,” we found that a formal elcn:t.ophilic

treating an ethereal solution of the resulting boron derivative with iodine in the presence 0
the synthesis of alkyl polyenylsilanes, the iododerivatives were subjected to simple coupling reactions with

Grignard reagents in the presence of a Ni(Il) catalyst. Some representative cxamples are reported in Table 2

Table 2. Conjugated Dienyl- and Trieny!l-Silanes by Coupling Reactions with Grignard Reagents.

IWQ. . RMgX, NiCi 2('jPP‘3)= RWSMCQ

4 5

Iodide 4 R Product 5 Yieldsa
(%)

&

b SLVIC3
Sa
4a n-C10H21 /\/\Mona,‘ 72
|' ™~ ~ ~ Sivies
\/\/\
5b
4b n-Calg NN ~SiMes 70

a Yields refer to purified products.

n conclusion, the procedure described here should provide a highly stereospecific route to a series of
ic esters, iododerivatives, alkyl and ary bsmuted compounds) starting from the
y of the operations involved,
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EXPERIMENTAL

icle size 0.040-0.063 mm) for flash column chromat

ti .063 mm) for flash column chromatogr

Merck silica oel (60, na
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and Merck nlnchn
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sheets with silica gel 60 F.s4 for TLC were used. GC analysis was performed on a Hewiett-Packard 5890 series
IT gas chromatograph equipped with a SE-30 (methylsilicone, 30 m x 0.25 mm id) capillary column, GC/mass-
spectrometry analysis was performed on a Hewlett-Packard 5970A equipped with an HP-1 capillary column, 25

m and HP MCD S5970R. I NMR enactra w

ilty @iiva L ER AVIDOAr U7 T RATAVAVIRN D}qua wﬂfe nwﬁnue
spectrometer at 500 MHz and on a Varian XL 200 spectrometer at 200 MHz. The products were purified by
flash chromatography or by distillation with a Kugelrhor apparatus Biicki GKR-51. In order to obtain
reproducible results, it is recommended to store commercial (Aldrich) 1 M solutions of BCls in methylene

chloride under nitrogen in a cold room and over solid anhydrous Na,CO;.

Synthesis of Boronic Esters (2)
2-((1E,3E)-4-trimed|ylsilyl-buta-1,3-dienyl]-1,3,2-benzodioxaborole (2a)

PUURN LY ' g BN A PR S

A 1 M methylene chloride soluiion of BCl; (1.7 mL, 1.7 mmol) was added dropwise, under a nitrogen
atmosphere, to 1a (0.20 g, 1.01 mmol) at 0 °C. The resulting mixture was stirred at 0 °C for 3 h. The solvent

was then evaporated at reduced pressure and

addad dronwice to
AT wwr

mmaol) in nzene (10 mlI ) at room
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temperature. The reaction mixture was stirred until complete dissolution of catechol (1 h). The solvent was then
removed at reduced pressure and the crude product was dissolved in hexane and filtered to eliminate traces (if

any) of unreacted cathecol. After evaporation of hexane 0.16 g (64% yield) of a colourless oil were obtained.
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. H H
.68 (dd, J = 10.0, 18.3 Hz, 1H), 7.04-7.10 (m, 2H), 7.20-7.25 (m,
*, 46), 229 (100), 170 (8), 166 (9), 161 (10), 144

I

(Kugeirhor distillation, oven iemp
17.7 Hz, 1H), 6.24 (d, J = 18.3 Hz, 1H), 6
2H), 7.32 (dd, J = 10.0, 17.7 Hz, 1H) ppm; MS m/z 244 M

(17). 137 (11). 109 (38). 95 (48). 73 (17). 59 (72) 43 (24)
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2-[(1E,3E,5E)-6-trimethylsilyl-hexa-1,3,5-trienyl]-1,3,2-benzodioxaborole (2b)

Product 2b was prepared starting from 1b (0.22 g, 0.98 mmol), dissolved in 1.5 mL of methylene
Ahlastida Anntnining anhirdeniie andiniem nrarhannta M1 o 1 QQ maman and j1oinag T 1T mmnl Af tha RO
VIHULIUC CUNIWUIHTE aldiyQiuud SUULIULIL Lalbulldle (V.21 5, 1.270 11111UL), allu Udllly 1 LILs (1 HHHUL) UL Uy 113
solution. The reaction was carried out under a nitrogen atmosphere at -30 °C. After disappearance of the
starting compound 1b (GC, 0.5 h), the sodium carbonate was removed by filtration and the resulting solution

nd anhydrous Na,CO; (0.42 g, 3.96
mmol) in benzene (5 mL) under a nitrogen atmosphere at room temperature. After reaction completion (0.5 h)
the solvent was removed at reduced pressure from the same reaction flask, operating under a nitrogen
atmosphere. The usual workup led to 0.16 g (61% yield) of 2b. (Kugelrhor distillation, oven temp. 175° C, 4.5
x 10° mbar). 2b: '"H-NMR (200 MHz): & = 0.10 (s, 9H), 5.90 (d, J = 17.8 Hz, 1H), 6.08 (d, J = 17.5 Hz, 1H),

6.30-6.90 (m, 3H), 7.00-7.13 (m, 2H), 7.15-7.30 (m, 2H), 7.37 (dd, J = 9.6, 17.7 Hz, 1H) ppm; MS m/z 270
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ethylene chloride (1.7 mL, 1.7 mmol) was added dropwise and stirring to

°C under a nitrogen atmosphere. The resulting mixture was stirred at the

under reduced pressure and the crude oil obtained was dissolved in benzene (10 mL). The resulting solution
was added to a stirred solution of iodobenzene (0.21 g, 1.03 mmol) and Pd(PPhs)s (0.035 g, 0.03 mmol) in

OV Y Al LG 1G

benzene (8 mL). After a few minutes, a 2 M solution of NaOH was added (1.0 mL, 2.0 mmol) and the resulting

The synihesis of 3b was performed following the procedure described for compound 3a, starting from ia

(0.20 g, 1.01 mmol) and a 1

was performed in 18 mL of benzene (in the dark), using 1-bromo-4-methoxybenzene (0.19 g, 1.02 mmol),
3

Z
w

Cls solution in methylene chloride (1.7 mL, 1.7 mmol). The coupling reaction

P4(PPh;),
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workup, the crude product was purified by percolation on a Florisil column (petroleum ether as eluent),
followed by flash chromatography (elution with petroleum ether). (.14 g of a white solid (m.p. 75-76.5 °C,
from MeOH) were isolated (61% yield). 3b: '"H-NMR (500 MHz): § = 0.10 (s, 9H), 3.80 (s, 3H), 5.91-5.98

g S (CVAVAVEBA S § ¥.1), Lo A 11

(m, 1H), 6.49-6.57 (m, 1H), 6.62-6.70 (m, 2H), 6.83-6.90 (m, 2H), 7.31-7.38 (m, 2H) ppm; MS m/z 232 (M",
74), 217 (48), 202 (50), 175 (23), 159 (46), 158 (42), 128 (37), 115 (28), 89 (46), 73 (64), 59 (100), 45 (18),
43 (18).

(1E,3E)-1-(4-methyiphenyl)-4-trimethyisilyl-1,3-butadiene (3c)
The product 3¢ was prepared by the same procedure described above, starting from 1a (0.20 g, 1.01
mmol), a 1 M BCl; solution in CH,Cl, (1.7 mL, 1.7 mmol), p—bromotoluene 0.17 g, 1.00 mmol) Pd(PPh,),

(0.035 g, 0.03 mmol), an mL of a 2 M NaOH so
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7.30 (d, J = 8.0 Hz, 2H) ppm; MS m/z 216 (M, 31), 201 (22), 173 (11), 159 (22), 142 (62), 115 (9), 73 (52),
59 (100).

(1E,3E,SE)-1-phenyl-6-trimethylsilyl-1,3,5-hexatriene (3d)'*>!°

A 1 M solution of BCl; (0.9 mL, 0.9 mmol) was added dro

£ i -v- NRLaLa \ Vel Riiady Ve 2iiix ik

0.89 mmol) and anhydrous sodium carbonate (0.38 g, 3.58 mmol) in 2 mL of freshly distilled methylene
chloride under a nitrogen atmosphere at -30 °C. After disappearance of the starting product 1b (0.5 h), as
revealed by GC, the mixture was warmed to room temperature and 2.3 mL of a 2 M solution of sodium
carbonate were slowly added. A solution of iodobenzene (0.18 g, 0.88 mmol) and Pd(PPhs), (0.031g, 0.027
mmol) in 10 mL of benzene was then added, followed by the addition of a 2 M NaOH solution (0.9 mL). The
mixture was then refluxed for 12 h. After the usual workup and purification by flash chromatography, 0.09 g
(45% yield) of a white solid (m.p. 85-88 °C, lit."*" 84-87 °C) were isolated. (Kugelrhor distillation, oven temp.
14b

175 °C, 2.5 x 10™ mbar). The spectral data were consistent with those reported.

11“““-

(1E,3E,5E)-1-(Z-thienyi)-6-trimethyisilyi-1,3,5-hexairiene (.se)
The procedure was identical to that described for 3d starting from 1b (0.30 g, 1.34 mmol) in the presence
of anhydrous sodium carbonate (0.57 g, 5.38 mmol) in 3 mL of freshly distilled methylene chloride and using

1 ' nm ~F TN ‘_ L- s

M solution of BCls. hydr

=T £ I Vi | s ~

drolysi i1 3.5 mi. of a 2 M aqueous solution of
sodium carbonate. The coupling reaction with 2-br omothlophene (0.22 g, 1.35 mmol) required Pd(PPhs)4 as a
catalyst (0.046 g, 0.04 mmol), 1.30 mLofa2 M

olvent (12 h reaction time). After the usual workup and pu.ﬂ.,;canon. by percolation on a Florisil column, 0.12 g
of a yellow solid (m.p. 148-151 °C) were isolated (38% yieid). (Kugeirhor distiliation, oven temp. 125 °C, 3.0 x

.09 (s, 9H), 5.91 (d, J = 18.3 Hz, 1H), 6.28-6.33 (m, 2H), 6.57 (dd,
.3 Hz, 1H), 6.69 (d, J = 15.3 Hz, 1H), 6.93-6.98 (m, 2H), 7.12-7.17
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(M, 101) PP VLD FIVZ 254 (V1 , 18, 10U (13), 141 {16], /13 L), 3T (23), 453 (1), 43 (7).
(1E,3E,5E,7E)-1,8-bis-(trimethylsilyl)-1,3,5,7-octatetraene (3f)
The 1 M solution of BCl; (21.4 mL, 21.4 mmol) was added dropwise to diene 1a (2.50 g, 12.59 mmol)

dissolved in 56 mL of freshly distilled methylene chloride under a nitrogen atmosphere, at 0 °C, and the mixture
was stirred until disappearance of the starting product (GC, 3 h). The reaction mixture was then quenched with
33 mL of a 2 M solution of sodium carbonate and extracted with ethyl acetate. The organic extracts were dried
over anhydrous sodium sulphate and concentrated to give 2.14 g of a white solid. The crude product and 4a
(2.55 g, 10.11 mmol) were dissolved in 468 mL of toluene/methanol 1/1 mixture and Pd(PPhs)s (1.17 g, 1.01
mmol) was added. The mixture was stirred for a few minutes and, after adding dropwise 127 mL of a 2M
solution of sodium carbonate, was refluxed for 1 h, then diluted with water and extracted with ethyl acetate.

e was alind sxdth wxrntar and Aead Avrar anbo Aenive andin cnlnmha o 1N
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the solvent at reduced pressure, the crude product was purified by percolation on Florisil column (petroleum
ether as eluent) followed by distillation with a Kugelrohr apparatus (oven temp. 100 °C, 1 mbar). 2.21 g of
compound 3f were obtained (70% yield). 3f: "H-NMR (200 MHz): 8 = 0.10 (s, 18H), 5.90 (d, J = 18.1 Hz,
2H), 6.22-6.33 (m, 4H), 6.48-6.67 (m, 2H) ppm; MS m/z 250 (M*, 14), 162 (17), 161 (7), 147 (39), 74 (8), 73

(100), 59 (16), 45 (11).

(8]

Tododerivatives (4)
(1E,3E)-1-Iodo-4-trimethylsilyl-1,3-butadiene (4a)'f
A 1 M methylene chloride solution of BCl; (1.70 mL, 1.70 mmol) was added dropwise to diene 1a (0.20
g, 1.01 mmol) at 0°C under a nitrogen atmosphere and the mixture was stirred for 3 h, then quenched with a 2
M aqueous solution of sodium carbonate (9.2 mmol) and extracted with ethyl acetate. The organic extracts
were dried over anhydrous sodium sulphate and concentrated to give 0.17 g of a white solid. The crude product

L —_d - 3R

fier and a 3 M solution of NaOH (1.20 mL, 3.6 mmol) was added under

Pagy T _\YT 71

tt
stirring at 0°C. The addition of the base was followed by the dropwise addition of a solution of iodine (0.60 g,

2.36 mmol) in diethyl ether (4 mL) at the same temperature. After reaction completion (0.5 h, TLC, GC
analysis) the reaction mixture was quenched with a 10% aqueous solution of Na,$,0; and extracted with ethyl
acetate organic extracts were dried over anhydrous sodium suiphate and concentrated to give 0.18 g (72%

yield) of a yellow oil (Kugelrohr distillation, oven temp. 75 °C, 1 mbar).lf The spectral data were consistent

carbonate (1.43 g, 13.49 mmol), was reacted with a 1 M solution of BCl; in the same solvent (3.4 mL, 3.4
mmol) at -30 °C. The reaction mixture was quenched with 15 mL of a 2 M solution of sodium carbonate, and

the solid product, isolated by following the usual workup, was dissolved in 13 mL of diethyl ether. After

2 20

sith 2 MA oonianiao Na o
NGl 6 g, 3.57

with 3 M agueous NaOH (3.8 mlL, 11.4 mmol), a solution
mmol) in 13 mL of diethyl ether was then added dropwise and slowly at 0 °C, in the dark. The reaction mixture
was quenched with a 10% aqueous solution of Na,S,0; and extracted with cold petroleum ether. The organic
extracts were dried over anhydrous sodium sulphate and the solvent was removed at 0 °C under reduced
pressure and in the dark. 0.65 g (70% yicld) of 4b were isolated. 4b: "H-NMR (200 MHz): 8 = 0.10 (s, 9H),
6.00 (d, J = 18.2 Hz, 1H), 6.08-6.29 (m, 2H), 6.34 (d, J = 14.5 Hz, 1H), 6.47 (dd, J = 9.3, 18.2 Hz, 1H), 7.04

(

(dd, J = 10.1, 14.5 Hz, 1H) ppm; MS m/z 278 (M", 32), 263 (8), 185 (100), 151 (14), 123 (36), 73 (90), 59
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Alkyl Substituted Polyenylsilanes (5)
(1E AE)-1-cyclohexyl-4-trimethylsilyl-1,3-butadiene (5a)

Compound 4a (0.18 g, 0.71 mmol) in 5 mL of freshly distilled THF was reacted at 0 °C with a 0.86 M
solution of cyclohexylmagnesium bromide in THF (1.5 mL, 1.29 mmol) in the presence of NiCl,(dppe) (0.013
g, 0.025 mmol). After reaction completion (2 h, GC), the mixture was quenched with saturated aqueous NH,Cl
and extracted with ethyl acetate. The organic extracts were dried over Na;SO, and evaporated to give a crude
product which was purified by flash chromatography (petroieum ether as eluent) followed by distillation with a
Kugelrohr apparatus (oven temp. 150 °C, 25 mbar). 0.07 g (47% yield) of a colourless oil were obtained. 5a:
'H-NMR (500 MHz): 8= 0.08 (s, 9H), 1.00-1.35 (m, 6H), 1.56-1.80 (m, 4H), 1.95-2.05 (m, 1H), 5.68 (dd, J =
7.0, 15.4 Hz, 1H), 5.72 (d, J = 18.4 Hz, 1H), 6.02 (d
1H) ppm; MS m/z 208 (M*, 7), 193 (9), 134 (

59 (59), 55 (14), 45 (18), 43 (20) 41 (24).

3 ¥

d, J =
20), 125 (5), 111 (33), 109 (7), 99 (5), 91 (12), 83 (9), 73 (100),

Ty

10.0, 15.4 Hz, 1H), 6.48 (dd, J = 10.0, 18.4 Hz,

o~

(1E,3E)-i-trimethyisiiyi-1,3-tetradecadiene (5b)
The same procedure described above was followed using 4a (0.17 g, 0.67 mmol), a 0.82 M solution of n-
decylmagnesium bromide (0.9 mL, 0.74 mmol) and NiCly(dppe) (0.012 g, 0.023 mmol) as a catalyst in S mL of

r 1THN\ §72¢(dt JT="71
) . Ldiy RRRJy ToT T \Mly oJ = o1,

.4 Hz, 1H) ppm; MS m/z 266 (M", 15), 251 (43), 192 (5), 127 (23), 126 (32), 125 (34), 112 (25), 111 (43),
100), 59 (98), 43 (34), 41 (25).

~J
> =]
~

(1E,3E,5E)-1-trimethylsilyl-1,3,5-decatriene (5¢)

The coupling reaction was performed starting from 4b (1.01 g, 3.63 mmol), a 0.80 M solution of »n-
butylmagnesium bromide (9.0 mL, 7.2 mmol) and NiCl,(dppe) (0.12 g, 0.23 mmol) in 50 mL of anhydrous
THF (3 h reaction time). After the usual workup, 0.53 g (70% yield) of a colourless oil were obtained.

(Kugeirhor distiiiation, oven temp. 110 °C, 1.0 x i i0? mbar). Sc: 'H-NMR (500 MHz): & = 0.07 (s, 9H), 0.88 (t,
0

J =17.0 Hz, 3H), 1.19-1.41 (m, 4H), 2.09 (q, J = 7.2 Hz, 2H), 5.73 (dt, J = 7.0, 15.0 Hz, 1H), 5.81 (d, J =

18.3Hz, 1H), 6.05 (ddt, J = 1.4, 10.4, 15.0 Hz, 1H), 6.11 (dd, J = 10.0, 14.9 Hz, 1H), 6.20 (dd, J = 10.4, 14.9
Hz, 1H 0.0, 18.3 Hz, 1H) ppm; MS m% 208 (M*, 19), 193 (7), 152 (4), 151 (5), 137 (10), 123
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