Regio- and Stereoselective Synthesis of Vinyl and
Allyl Sufones-Toward the Elucidation of the
Origin of "Syn-effect"

BEE:jpn

HhRE
~EH:2017-10-03
F—7— K (Ja):
*—7— K (En):
YER

A—=ILT7 KL R:
Firi&:

http://hdl.handle.net/2297/11704




#% & & X

~

EZIV, PUIVZI KR QOAFRIRBIERE“Syn HER”

¥ kR B OB

Regio- and Stereoselective Synthesis of Vinyl and Allyl Sulfones—Toward
the Elucidation of the Origin of “Syn-effect”

Katsuhiko Inomata*

Regio- and stereoselective synthesis of (E)- and (Z)-vinyl sulfones, which made it feasible to investigate

the stereochemistry of the conversion of vinyl sulfones to the corresponding allyl sulfones under basic con-

ditions, was accomplished via iodosulfonization of 1-alkenes or 1-alkymes, It was found that (E)-vinyl sul-

fones preferentially afforded (Z)-allyl sulfones as kinetically-controlled products, while {Z }- and

a-substituted vinyl sulfones gave (E)-allyl sulfones, Such stereochemical relationship was rationalized by
“syn-effect,” and its relative degree for various substituents was determined by observation of E/Z ratios of
the allyl sulfones resulted from the corresponding y-mono- and disubstituted vinyl sulfones, X-ray crystal-

lography was performed for some vinyl sulfones and the related compounds to reveal the origin of

“syn-effect.” On the other hand, the convenient new methods for the preparation of allyl sulfones and desul-

fonylation of their alkylated derivatives were successfully employed for the syntheses of squalene,
(£ )-recifeiolide, coenzyme Q,,, (% )-lavandulo!, and isolavandulol .

Key words : Stereoselective synthesis; Vinyl sulfones ; Allyl sulfones ; lodosulfonization ; Tosylmercuration ;

Pd-catalyzed reactions ; Syn-effect ; Conversion of vinyl sulfones to allyl sulfones; X-ray crys-

tallography .
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Table 1 Preparation of allyl sulfones.
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Table 2 Desulfonylation of allyl sulfones catalyzed by Pd.
T8 2 Memodiory R? . R
RV\/\(R o ey H’W\ RN
oH A OH B OH
. Yield of Ratio E/Z of
R? R? Method Conditions A+B/% A-B main product
1 -15°C, 4.5h quant. 97: 3 91/9
H Ph
CH, CH.CH, I 20°C, 3 min quant 2:08 98/2
N T -18°C, 4h 96 97:3 90/10
CH, CH,(CH.): I 20°C, 20 min 98 8:92 98/2
_______________________ 1 | -4c, 25h quant. 93:7 89/11
PhCH, CHs I 20°C, 3 min quant 7:93 96/4
I -5°C, 3h 83 99:1 86/14
PhCH, CH, (CH.)- I 20°C, 3 min 92 1:99 98/2
PRCH, (CH,),CH 1 0C, 4h 98 84:16 76/24
I 20°C, 15 min 78 2:98 96/4
—45° . :
PhCH, PRCH,CH, I C, 18.h quant 99 :1 89/11
I 20°C, 3 min 94 4:9 96/4
1 -20°C, 7h 87 97 : 38 >99/—
CH,),CH | PhCH,CH ’
(CHs)s Bt I 20°C, 45 min 99 7:93 98/2

Method {: PdCl, (PPh;), (5 mol %), LiBH, (5 equiv.) in THF.
Method I: PdCl. (dppb) (5 mol %), PheSiH (0.2 equiv.}, LiHBE{, (3 equiv.) in THF.
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Table 3 Conversion of viny! sulfone to allyl sulfone,

Base (2 equiv.)
—_—

CH3(CHa)7 X Ts CH3(CHo)7 2~ _Ts
\' A

Entry Base Conditions \l;r ,O%UCt(Sé‘/aZti)o
1 t-BuOK t-BuOH, 30°C, 0.5h 5: 95 (41/59)
2 ” 2h 3: 97(63/37)
3 ” 15h <1:>99 (86/14)
4 DBU CH,;CN, r.t.,12h 3: 97 (30/70)
5 " DMF, r.t., 12h 5: 95 (27/73)
6 ” THF, r.t.,12h 29 : 71 (18/82)
7 " CH,Cl,, r.t.,12h 36 : 64 (22/78)
8 ” dioxane, r.t., 12 h 54 : 46 (21/79)
9 ” benzene, r.t., 12 h 68 : 32 (10/90)
10 " CHCl,, r.t., 12h 94: 6 (20/80)
11 ” CH,CN, -20°C, 48 h 77 : 23 (3/97)
12 ” CH,CN, 0°C, 30 h 4: 96 (22/78)
13 “” CH,CN, reflux, 1.5h 2. 98(78/22)
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Kz 225 (H19), B5D LI BHEEFBORE,

IO DERFZRIE ICHALERELOLE™H 5,
¥R, v BREOsyn HRETIE 20 DIEETEIT S
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ZEHBALP Lo,

Y=ob, TYNRIE Y OIEEEROEHE S “Syn R

ERLAEIICFT72/7F2-(69)BLU - b FY
EZWVANEZ(70)D“syn HEIZBDHTKRKEVWT &
PHERINLD, TNOLORLOBRBRELZHERTL &,

Table 4 Conversion of y-substituted viny! sulfones to

the corresponding allyl sulfones,
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ROIRLAL ) B OMMRRE THIIE Y Z &R
BAR LA, ChSDERIE, EEOV= VAN
BB SN BEOT kA~ s Y EFLTWAT
BMIEZENIZOT, 691200 T X B8 SEEEN
T8 T5, 21 069b ISR LA LS ICTFHEEY
SYn B R RA -3 YHPFERI NN, o
BrRLIEBEELZELL or EFROBEUREL

Base (2 equiv.)
Y. T Y. o T8
~NE in CH3CN, r.t. A base )
v A wH ” Ho Qs
“ep @ Ts - X = : +H" X Ts
N R Yo ——— H %\/
Time| Yield H Y W

Entry| Y Base (h) (%) (E/Z) X" 5y 63 64 ‘“syn-effect’ Y 65

1 | CH, DBU 3| 9 |(15/85) il

2 (C,H; DBU 12 89 |(24/76) yHOX 16 ¢ H. 81 .

.... " X *H, Y. Ts
3 |0C,H; |DBU 2 |quant. | (4/96) \,/:\H - &% = M
4 | OC:H, DBU 2 |quant. | (3/97) ¢ b e gy Sywefiect X e
decom- _ b

5 | OCOCH, |DBU 3 posed ase ‘

6 |CH(CH,),|DBU 17 | 92 |(57/43) Fig.19

7 |C(CH,;), |DBU 48 98 [(all E)

8 | CoHs DBU quant. | (all E) RO- (R=CHj, C,Hy) = ArO- (Ar=p-CH;OCsH,, p-CHCeH, CiHs-

9 | SCH, DBU quant. |(76/24)

10 |Ct i-Pr,NEt| 24 90 (4/96) p-NO,CgHy) 2 AcO- > Cl- 2 Br- > CH; > CH3S- 2 -CHy- (eyclic

11 Br i—PerEt 24 67 (21/79) and acyclic) > (CHz)yCH- >> (CHa)sC-~, CgHs-

12 | OC,H; i-Pr,NEt| 96 16 |(all Z) Fig. 20

Table5 Conversion of y-disubstituted vinyl sulfones to
the corresponding allyl sulfones.

X Base (2 equiv.) X
Y A Ts  inCH(CN,at25°C Y’&,/\ Ts
v A
Entry X Y Base Time/h |Yield/% | (E/Z)
1 |CH; C,H, DBU 6 68 (71/29)
2 |OCH, CH, " 12 81 (22/78)
3 | OCH, C,H, ” 30 75 (10/90)
4 {-0OCH,CH,CH,- " 24 88 (16/84)
5 | OAc CH, u 4 52 (29/71)
6 | OAc C.H, s 24 60 (20/80)
7 (Cl CH, i-Pr,NEt 100 93 (12/88)
8 |(Cl C.H; ” 100 86 - ( 8/92)
9 |Br CH, P 120 77 (13/87)
10 |Br C,H, " 96 59 ( 9/91)
11 | SCH, CH, DBU 1 quant. | (66/34)
12 SCH, C,H,; ” 1 quant. | (49/51)
13 OCH, CH, i-Pr,NEt 72 no reaction
14 OCH, C.H, ” 48 no reaction
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Table 6 Time course of conversion of y-phenoxy-, and
y-ethoxyvinyl sulfones to the corresponding
allyl sulfones,

A~ DBU (2 equiv.) .
RO TS Thcmenzec Re —Ts
v A
Products ratio E/Z Is%?;ie d
R | Time ratiolyeld of A
(E)-V(E)-Al(Z)-Alof A| (%)
0 min | 100 0 0 - -
30 min 0 3 97 |3/97| quant.
69,Ph| 2h 0] 3 97 | 3/97 -
12h 0 4 96 | 4/96 -
96 h 0 8 92 | 8/92 -
0 min | 100 0 0 - —
30 min 27 2 71 | 8/97 -
l1h 6 4 90 | 4/96 -
70, Et
0, 2h 0| 5 | 95 |5/05] -
3h 0 5 95 | 5/95 97
72h 0 4 96 | 4/96 -
H o
H OYS/ 2
Yy
o”_\&s CH,y 0 4
Oy Q,,
69a a

69b 71b
o)
ch o 2
2 S
Mo, T
HC H CH;
72a 74a

Fig. 21

(55p)c & B syn DI VR A— g v OREIEH,
DT, ANKFZNVED e fIOPPBEROY LS
Oy EBERTFLO - BENELFEFHEOK
FHE(60) 5 “syn HRE"OERTHATHEBEDIERZ S
Nie 22T, BEMLAEWTIaAIOWTHRBICXE
SRS E T -7 25, B synBoa kX —
g AR INA(F21-T1b)e ZOHEITE, B
Boha kA vFkovED e =70 b
LS BEREFOFRLEAEETF L OMOKEZE(60) 12
TEETH LY, SOBEEOHELERLY rBETROR
MEEGE DI L PRELEIFTETH S, 0T,

3-72/F-(69)BLU3-Z bFIYEZNV ALK
(FOE P EXEBFHE2ET L » BREOHEE S
“Syn R IRDTAKEHEEOO)ICLEbDEELS
ONEBEHTHY, A FLFFHEOsyn HR A
HASWEER20BR)VEHTEXD, 615, H2
DFDOIHICBDTHEN(Z)-BRELFLIz2-
F-1- F Y N-1-TFF (T2 ek RALEML L LT 2-F

}/Ts P\/Ts )

72 73, quant. (E/Z=8/92)

DBU {2 equiv.)
in CH3CN, 25°C, 20 h

HC | H oy

">=<“<H —_— ">=2<0H3 @

AH=0.53(20.42) kcal/fmol H H

75 (syn-form, 17%) 78 (skew-form, 83%)

Fig. 22

FFNANKRZNEFZEALLREA L 71 VLAY
(742) D X B SHEBIN 2T o728 25, WTFhOB
Ab synBoarix—a YyAEERIN(E2]),

MERISTAKEZSOTRESE X Dz vhiEE
OFE LTEBICET A, Thidssan k) il
EENMICLHRENDERELEL LN, BEOHER
Bty 2V AL AR EVLOLBDNED, 1-
TEYORERIVRA—Ta v id syn B(75)TH S
L OEe, WTREYT, ST %EE, MOCED 2
YORERTIE skew B(TB)DHFHBERET, TOREa
L—2avit83% ThHH(RM2-(R2))™ eHESH
DR ERBIFIHPATVLEFTICEREVERTH D,

B, “SYUn PR OFEFZEILEHTHA0IT, 55L&
SEEIEEFETLEZ NV ANVE Y FEEGSC)DXHE
EEEERITE FNOOBRFICBILIVEA-T 3
v B DWTRET L TW A HT R HIRAYE S5 RS,
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FHTHREL AV

5 (E)-BLU(Z)-FUIWRILKLD
SIERIRBE R

FRUIZEZ N ANF Y HET Y VAME Y ~DORY
EEEIEBVT, (Z2)- BT a-BREZVAVEK VI
FREN(E)-TYUNANEY ZBIRBIE LD EH
BHodbhoi(B15), HICHEOBEIE, HED
Yo VA ok v OISLEALRIIZERRICE FOA TR
RE52 B2 s, TOFEEEEM2B-(XDISRL
72 &3 R(E)-T U NAR KV (79) DBREYERENE
BWICEALAL S, BIECENYERLILHT
37—:33)0

H Ts -H0 | R Ts R_A~_Ts
R_ALY i *
0 GO,CHCCly CO,CH,CCla CO,CH,GCls
7 78
peu  RALTS i) ZnjAcOH
—_— ) ————— R A_Ts ")
1 CHyCN CO,CH,CCl; M4,-C0; g
78, 65 ~95% 79,79 ~ 94%
R — TaNa-szﬂz' R _>=<Ts EtN R—
In ACOEYH,0 i W inCHaCN Ts
rt,1d . ~50°C
80,75 ~95% 1-3d 81,87 ~95%
HyPd-BaSO Gmol%) B Ts ®
in MeOH, 25 °C -
05-3h H H
82,89 ~97%
Fig. 23

—F, (Z2)-T U WA NE(82) B 23- (K 2)ITRL

722 % — MIHE o T ABRIICER S L, 8IS, 1-
FhELEI- FALE VL TEORBMANY(80) %
FYZFATIvTRELLEZATONSVFVANE
ENEBDIBINETELN, ThEEMETTS
CEEINERBI(Z)-T I NANK Y (B)NFHT D
T ENTELY,

(E)-2-3— F-1-F Y -1-7 A4 2 (80)IZZD L
FasVEVANEZ(BNR(Z)-TINVANVEY
(82), BIRD{(Z)-¥ =V RNk ¥ (49)EHROHH L/
Bkt 2 D EBLIEN) T2, R2BITRLAELI,
1-F U R-1-T A F 2 (83) 24 O F-BRYE IV R IVER
+(84-86), B-o F ALK Y (BN EDEFHENIHDEH
HALREAEL 2 BAZ b o7,

Yob, TYNVRIVE Y DIEERRNER & Syn HE”
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R—\:_/TS
49 R
R Ts =/ Ts
->=/ ) 82
R - ‘R\zcu(cN)Uz Hp/ Pd-C /
[ H,/ Pd-BaSO4
R T: R Ts Ts
12—.Zﬁﬂﬁ '}:& _EBN_ p
RN g5 80 81
lﬂao" W:K
CHySNa
R\)J\,T =Ts
d R— Ts R 83
&7 CH;3S
Fig. 24
6. BBbUIC

BlE, ¥z, TYNRVEYDHNES L UAER
WS REDEREL, CZWANKY DT JIVAVF YN
ORBARE TRV SN "syn HR"OFEBHAD
1D AT 2 72V O P DERNHEOBE 2T,

SO X T AEERICAR SN EZ L, TULVA
Nk, i UDITRAT & 3 1T 2 vk LA IR
WhEED LRGSR ETHI 0D, HRREHREN
FLTELICEL W I s ND, $7,
VWhW B TEMEOELSICE T 5 syn PRI, T
MESFHT LERFFIMibo TWAEFELEEE D
Z£26h, PVEINEAHMORERIVEFA- Vs
VL L BE L TAERREV. SOX)REIFE,
H LW ABROREOBECERFBROZRIERAR
bt Bbhb,

R LSRR, IMTESLERIEO TEEOT
©, ATHEBEE2 O ICHKE - FEHBOBHZHET
LEENTLDTHY, BEERBEIIINLOHFLOFAD
BREL T DT ERV, BEEBHE) LTEHTE
HELETAKRETT, T/, XBERHLHERTIION
Tid, FEHEROTH FHEOMIBH L, BFERE
HE i NEIFES - I AMEZEOARRITZEL,
WHEEETOWEIZ L VDT L 2o/ SN
LOHAVESEHBELETI?
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