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Development of a New Method for Consecutive Activation of Conjugated
Alkynes Based on Intramolecular Silyl Migration
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A new method for consecutive - and S-activation of propiolates toward electrophiles has been developed, which is
mediated by suitable tertiary amines (e.g., DABCO) involving intramolecular silyl migration as a key step. Methyl 3-
trimethylsilylpropiolate was reacted with aromatic aldehyde in the presence of DABCO in refluxing benzene to give a
highly functionalized olefin product, in which new carbon-carbon bonds were formed at both o~ and g-positions of the
starting propiolate. On the other hand, when using aliphatic aldehyde the reaction course was dramatically changed to
afford a propargyl TMS ether as a sole product. However, we suppose that these reactions have a common reaction path-
way partly, including ammonium ylide-alkylidene carbene equilibrium, and that the former products arise from the ylide
form and the latter from the carbene form. These domino reactions were successfully applied for an intramolecular ver-
sion by use of substrates having both formyl group and TMS-propiolate structure derived from salicylaldehyde, leading

to a new formylcoumarin-forming reaction.

Key words——propiolate; domino-reaction; migration; ylide; carbene
1. [FL®IC IR EDRH SN TND. 3D ZOL 5 abE &IFFH

E S LEICE TN D A ME A LA YO MR
BESFEERLTOL BT, RN DBIRED
W R IR BRSSO DB RIS EA R RS
WoeETh 5. P THERHZHEE]NR WD
% R JBIRIRNZ, #7%%° atom economy /3 & D
RS EMRLERALEMERDIZD DEERF
HEEoTWwW3, EFIohET, Yot —h
HAIBD & BT IV F O EOLFNEEICER
U, ZOBREZETER U7 #HHLS OB FEFITHLD
HMATER BFREIFEEKEBLETIVFEHS,
R IR EDEATTRER C v, AEGRE
EWICEHRERFTFELELTHAHAINTETY
2.1 Fl 21X # O B nld, Michael 254K E L TH
RISREENCR L TEEZRL, £ affitBn
T, REFIO 1,4 imcs &< RETFHEOK

BILRFRFREFE LA (T930-0194 Tl
4% 2630)

e-mail: matsuya@pha.u-toyama.ac.jp

AL, TRR 18 FFE H AR E SR SR MR R &
DZEZHALTERLEDDTHS.

ORISR RTHRET I HIBWTIE, AH
IsRFE-RFBEBEBROEE LT, 3T I > XE
RAT 1 % H M & U 7= 7 H -Baylis-Hillman
RSB 2RF7E0, T E TR AIMICERINT
ETND, 5D RN, 37 I (EKRRA T4
) @ L4, REFA (FITIVTER) &
@ aldol Bifthn, Z L THUED BIHEEE WD —HD
7Ot Ak, b RaOF7IVFILERERE S
ABHEVNDIBHDOTHS (Scheme 1), AKIRIX, B
WHBEC K 2 OBEAENZEDETIIRS ZLEDTE
BNWRATy T EkoTHBD, ZNQAHEET IV >
HBMICHEORISTHD, afficryo b 2N
AT IV F EICFEENICEFATERWY, Ll
BB, REH GHlTIE O L4-fn&slE
ft < SRBTHI& D aldol BUfFNE TIE, H&ET IS
SR EFBRICETT A T ENiENS. FTT,
HBETIVF O BALICHE T 2 KREEBIC, BE)
LBWEBHBETH DY )JLE (migrating group)
ZEALTHBLLZEITED, BHBETCIEIAR< o Bk
W&o TREFIZEAET 28 LWKIRRZFHRE L

NI | -El ectronic Library Service



Phar maceuti cal Society of Japan

1208

Vol. 127 (2007)

+
RisX

o)

R'aX _ _EWG H B-elimination OH
EWG 3
i 5 /r’ RCHO R/ﬁj/EWG

EWG
R

%b R'sX

X=Nor P, EWG = COR, CO,R, CONR,, CN

[Catalytic cycle of R'sX can be realized by B-elimination]

EWG R,X

_ _EWG Regeneration of R'3X
I’l N /[ _RCHO _ R EWG  — | by B-elimination
3 . | can not proceed.

R'eX” H

H

Scheme 1.

a-activation

X = migrating group (= SiRz)

e )

R
R'sN - RCHO —
o e
| XLQR-S C I

X X O'NR

Scheme 2.

(Scheme 2). Zhid, K& D 1,4- fH0ic & 5
B7IVFHED a fLORETFHITHT 21EMHL
&, BTN YUIVERALIZED o Bt X 2 7L+
Us 2 AR (37 DO%MIR) O4&RE (B LD
EEL) DEFRLTEZS, R JBREF-REE
BRI DH LS ERDZHDTH S, 89

2. DYLEBRTOEFL—MELTILTE R
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Further
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R'sN
CO,Me
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X—=—CO,Me A
86% —
(X=H) MeO,C
DABCO, benzene, reflux
no reaction
TV 19
Scheme 3.
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triisopropylsilyl (TIPS) X & L/ZHd (1b, 1¢) T
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o ArCHO, DABCO Ar . CO.Me Ar CO.Me
X——CO,Me —M8Mm™ +
benzene, reflux Ar Ar

1a (X = TMS) X6 4

1b(X=TES)  (Ar=4-Me-C4H

1c(X=TIPS) | o) 2 3

Scheme 4.
Table 1. Reaction of Silylated Propiolates with Aromatic Al- 0 (0]
dehyde in the Presence of DABCO Ph COzMe Ph CO,Me
— DABCO
Entry Substrate Tlme Yield (%)@ Ratio (2:3) Ph benzene Ph
TMSO reflux, 24 h o
1a 40 min 78 78 : 22 2 66% 3
1b 18h 41 37 : 63 0
3 1c 24 h No reaction — \ Ph CO,Me J
@) Isolated yields (2+3) based on aldehyde. \ Ph
TMSO
Scheme 5.

¥ 2 % DABCO #F TN Lz &2
A, MRIUALEYMINEEHIND T ENH M E
7257z (Scheme 5). ZiUd, AFHTIBWTZ
EREAOREASEZD, AU YNNI/ —)b

(] z1F entries 2, 5 72 &) . ZiE, FIL NEHE
ONARREEICR D, AP 2 O _EEERELHHE

T—T VK fREZTmbDEEZLSNS. L
oMo T, L7« VIR Q) 2RRIEDS
=9Iz, MAKRYIZ /N X 72 TMS & %2 migrating
group t@‘%fﬁt"ﬂ‘l/%l\ (1a) &M, B
ZMABEDITERBRHEZRSZNSELSTDH I L
ﬁ\M\E’C%é.

NZATNTEeRELlaZREEBE LU THWZRIE
S M B b DM ETHE B % Scheme 6, Table 2 12 % &
O, RKEHERDIFT I ITDODVTI,
DABCO DS D H D TIEWT IS FUSEE DDA
AHHH, NEROETMEY 2 DERRLDHED &N
DHERE G ATz (entries 1-4). 7=, HHEICEL
ThE, NXEUNEDRIFEREZE A, R TIE
FINZFEEAEETLIRW I ENHONER S 2
(entries 5-9).

FWTHRHEEHTICT, BAOFHEFETIINTER
HEAHWTARISDO —EITDODWTHEF L &
(Scheme 7, Table 3). [t#METFEERTY N T
RESFT 7 FINTILTE REIZDWT, WinbE
FRDORIGDHETL, F L7« VMR 2) 24K
THIENERESI N, —h, BFARRTITE
ROBZERR, RIGRAERLL, ka2 o3 25
HZEMTERM> - (entries 12, 13), [FHIT X
ERNE, A MICEBEREZET 2 7))L REI

DWTC, {bkEMINEe<BELRIr>ZERTHD

EBINEHRREREEZDHIENTES.

—J5, HEWiE Y LT RZ2H WSS IERIED
RN KRELSALL, TIVFAR (4) %EESZ'&@
ZEMBHSMNER o = (Scheme 8)., Z Z T, 1k
A%ZXi3”ﬁmTé%%%ié<@méhTm
720y Gz Table 3 D3 RTOBEIZRNWT, bE
Y4 i3mit I niamor). _hbwﬂ%mmﬁ%
13, OB A ER TS ETHIRFENDBDTH 5.

BERE R DIEHEEFEETH 2T IVF AR 4)
ZRHML, ThEFhoIcEzELkRE L&
(Scheme 9). JENiEDH D (R=t-Bu) I, X¥
SR 7 )L K& DABCO £ FMEL TH
BETHOBMITR SN ZDITHL, FEK
Db O (R=p-Tol) WFFREHEF, FERWHMEIEL
M0, BHREGWES A, £z, T
k&2 (B3 de<mitianiarolz. 20
BRI, FEREYIVTE REAVWLERE (b5
Table 3) IZBW TR 2 (KU 3) DERICE
0, TILFRULEY @) 1TFN5 ORIERATIE
BNWZEERLTNVWS, £z, BB ZIT I
FTEREAEEEL THWEERTIE, #EAKEMN2D
HARAENZRBEAR2 (BXLU3) BMEENEHT L&
MHEFR T & /= (Scheme 10).

DEOWEREREZ, BRIBDANZALELT
DI DITHEE L7z (Scheme 11).
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CO,Me Ph CO,Me
=] 2 2
TMS—=—CO,Me —NCHO 4<—§; %—3‘
amine
1a
TMSO
Scheme 6.

ArCHO, DABCO  Ar—X _ CO:Me CO,Me
TMS——CO,Me ————— >
1a benzene
fl
refiux TMSO
Scheme 7.
Table 2. Investigation of Optimal Reaction Conditions RCHO, DABCO R
— TMS——==—CO,Me benzene ——CO,Me
. .. Yield Ratio 1a reflux. 0.5-1 h T™MSO
Entry Amine Solvent  Condition (%) (a:3a) )
R =n-Pr:63%
Et;:N Benzene Reflux, 2h 0 — R =iPr:78%
DBU  Benzene Reflux,2h 11 100:0 R = +Bu:60%
Quinuclidine Benzene Reflux,3h 68 21:79 Scheme 8.

1

2

3

4 3-Quinuclidinol Benzene Reflux,2h 43 37:63
5 DABCO Benzene Reflux, 40 min 73 74 :26
6 DABCO Benzene r.t., 24 h 0 —

7 DABCO THF Reflux, 40 min 24 100 : 0

8 DABCO DCE? Reflux, 40min 4 100:0

9 DABCO DMF r.t.,2h 10 100:0

@) 1,2-Dichloroethane.

Table 3. Reaction of Propiolate (1a) with Various Aromatic
Aldehydes

Time Yield Ratio

Entry Ar (min) (%)® (2:3)
1 Ph 40 73 74 : 26
2 2-Me-CgH,y 40 56 100: 0
3 3-Me-C¢H, 50 64 78 : 22
4 4-Me-C4H, 40 78 78 : 22
5 2-MeO-C¢H, 40 Quant.? 100: 0
6 3-MeO-C¢H, 45 50 76 : 24
7 4-MeO-C¢H, 50 83 83 :17
8 4-CI-C¢H, 40 43 37 :63
9 1-Naphthyl 120 44  100:0

10 2-Naphthyl 30 72 63 : 37
11 2-Br-4,5-(MeO) ,-C4H, 30 51 100: 0
12 4-NO,-C¢H, 120 0 —
13 Pentafluorophenyl 120 0 —

a) Isolated yields (2+3) based on aldehyde. b) Isolated in a desilylated
form.

DABCO @ 1,4- ftfmic &K v gk =70y
FL—=brDafZiZ7IVT e RAKIEL, ke
WERT S, ZO7)NaF T R EZTMS 2891
WNEMZL, 72EBEZULLY RTRUETILFUF
TR 8 DYEREWNELC S, ZOEE, &
DEMZETIRTA Y REICKELFAFLZ &M
WMESINTHBD, DAY RTO7=F VENIZIEML
SN BAMITHD —FFOTINTE RRKIEL T
EEW I NERT S, TZE T, TXNTHEERE
ThdEEZLND., ZOILEWI WBHFNT1,2-
b RY RBENC S T DABCO g T, +
L7a 28 Q) 2525281225, Lz
2T, ZOERY RBEOREID SN2 24T
DHLID. BTEERFEEY I TE ROBE,
NEVRE - BEFOHEGHRICL - THRBEMN
EITLEL<RD, BIRICT2 (U3 Z24KL
eEFZEAOND., —FK, BFREREEET N TE
RLEEY VT BOEE, R RU RBEHE
ZVEEL, TOBRRNIHEFET D7 IINFUF
AR (8) MBED 1,2- 12 LD 7 IVF MK
4) "NOEMWMNERTDHHDEEZ NS, 1410
Scheme 9 IZ;R L7280, BHERNFHRETH S

BETIVEADHRIZKD, BHRIEAYES A
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R — CO.Me RCHO, DABCO R = +Bu : no reaction
TMSO 2 benzene R = 4-Me-CgH, : rapid decomposition
reflux
Scheme 9.
— CO,Me
™S CO,Me _paBCO _ Jg_gc:QMe _DABCO _ AS_&Z
+
benzene benzene
PhCDO reflux, 40 min reflux, 14 h
62% T™MSO D 34% (recovery 60%)
Scheme 10.

decomposition O)

(R = aromatic) ‘l
( OTMS 4
rearrangement | COMe RN RN CO,Me
e 2 A
RsN

> N\

MeO,C
2 TMSO g
RCHO
isomerization
COzMe then hydrolysis R— _ CO:Me  p shift RSN) CO,Me
72)_3—0TMS
TMSO H R
9
Scheme 11.

HTEERD. CHO ) o
3. BFAREAOER, 77 S BRORE @o e - QI X
0

TNETERTELILY )L+ > OFBIEE(LE OA\ M
Z, #FANRGELTEETY 1 > 9hud, 374b 10 T™S
B TMS Bifi 704 L — MM &RV )V EZ2 6 Scheme 12.
TREOAEBICHATE, BIURENETTAI L
mifEE N5, 22T, FUFNTITERSE Table 4. Coumarin-Forming Reaction of the Substrate (10)
TMS 7O A+ — )Lt & OB AESICEZ DR ICH Under Various Conditions 7
HTE2{E 10) 265Kk L, TO3IRTIL Amine Solvent Condition Yield (%)
DRI DWW THE L 7= (Scheme 12, Table 4) . DABCO Benzene r.t., 24h 0
o @fé:ﬁf': HAERE D BV K S DT L, 3-Hh)V=3 DABCO Benzene Reflux, 8 h 63
IR YA EAERT B T EDH B LIS T, e e menh w
S FREFIGOBE & REKICER TIEETR I N DABCO THF Reflux, 3 h 64
WEMMH 50, DABCO OHETITTWL DM @fg Quinuclidine THF Reflux, 40 min 64
B 60% REDIEET 11 £ 527 272 0OHE, " 1,2-Dichloroethane.
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37 X > & LT quinuclidine &1 3 &, Kbk
ORI/ ETREDIA STz (Table 4), fhx DEH:
FHERITOWTHREI L /=& 25 (Scheme 13, Table
5), EEHIZEXOMSEBIZERZ DD, BBOR
RIFisfERE= 527~ 7ooBBARICONWTIZEY
DIATIHEE DRREDFAET 2200, INENME
TL.

K7 BIBRISED AT =X L0E, BTFOX
21ZFEZ 5% (Scheme 14), HFRIKIGEDES
EFERIZ, 3T I D 1L 4-ficknERT 2T
/7= b 2B FRITEET BRI I I)VEI AN
LTHRIEL, DWTTUINEBEHTTY K14 (X
W7 IFDFORILR IS BERT S, 22 TH
TFTHNBEDEEDELSIZHI 1 HTFTDOT7ILFTE RN

RIGIZEET DD TIERL, ZFNOH0I2L5%
fR2EZIT T T ) —IVORBEZE N SRV IV
IR VEBARN Z5252bDEEZATVWS. 2
DIKDOBEGE, ZRNICTEMAYIC HO Z2iFNT % 2
ETREENMETLDZE, ELFaF—2—F
ReIfFS 2 ENENRBIETTE2E, KON
DO ZimMT 2 LAY TH S 11 ORI )70

FOMTERII DIV THEIND ENWHFHEE
KOXFEINS.,

AP 2 KiGEAE (14 33 15) AH,0 Th S
VT EINEHEROTNWEN, ZZITHOLDD
BRL TRIEYT 2 kA IREFH 2 HEIEN
W, 5N UIT—23>0d5EBENESRRK
WRHFETE S, BfE, BEICEERLINEI<
UBEBARDEREBIE U2 EREL T3,

4. BHYIC

CHO N ¥ =~ . 4, ~ fvA Y
Al X amine, solvent, refiux A~ -CHO Al 38y I > aRWE®RRTIVF D EOHH
o A, EEGE AT OV TR L T e AL, o
o)\ 11 U )L % % migrating group & U TIEA T2 2 &ic &
10 ™S 0 #&H -Baylis-Hillman KGO 7 )L F > HEADH
Scheme 13. MZRRRELEZDDERAD I ENTE, 5127
W HEOBEITIEASNIRNW R ) BEESTERIK
IhE RS ELHEDTH D, BT ILF EHOERK
Table 5. Formation of Variously Substituted Formylcouma- == % &k - -
rine FTFELTOFHLWHEEZSIZHTZO, 545
- S BB U 7=,
R Amine Solvent Time  Yield(%)
H Quinuclidine =~ THF 40 min 64 . . . Nl N Tk e A b
e banco” qpn meoo MR AT B
4-MeO DABCO THF 1h 46 WZTEDTTONZHDTHD, UIHFEE DAL
5,6-Benzo  Quinuclidine THF 20 min 50 %&f%& 5 %@Z’_ A7 b\fﬁﬂ?ﬁ‘g r Tﬁu%%‘ %]‘E({)»—C%} v ¥
5-Cl1 DABCO THF 1h 28 o .
L7z, ZOBEBEDLT, E<HELzZEL LT
CHO (O e TMS
% — O — e
0 o _—— +
‘NR
o «Nh3 O” "0
© ‘\%/ 05N _TMS 13
10 ™S Y
12 iNR,
§ CHO OTMS OTMSﬁ
110 © O O o ~0
15 14
Scheme 14.

NI | -El ectronic Library Service



Phar maceuti cal Society of Japan

No.

1213

Y. Elz, AMFIRRRERICHERERICEHA TS

NFEHRROEHOBYMTH Y,

T IR < BH

DEZEZRLET.

1)

2)

3)

4)

5)

6)

REFERENCES

“The Chemistry of Functional Group, The
Chemistry of Carbon-Carbon Triple Bond,”’
ed. by Patai S., Wiley, Chichester, 1978.
“Modern Acetylene Chemistry,”” eds. by
Stang P. J., Diederich F., VCH, Weinheim,
1995.

Perlmutter P., ‘“‘Conjugate Addition Reac-
tions in Organic Synthesis,”” Pergamon Press,
Oxford, 1992.

Jung M. E., ““Comprehensive Organic Synthe-
sis,”” eds. by Trost B. M., Fleming I., Semmel-
hack M. F., Pergamon Press, Oxford, 1991.
Morita K., Suzuki Z., Hirose H., Bull. Chem.
Soc. Jpn., 41, 2815 (1968) .

Baylis A. B., Hillman M. E. D., German Pa-

7)
8)

9

10)
11

12)

13)

14)

15)

16)

tent 2155113 (1972)
34179q (1972)] .
Ciganek E., Org. React., 51, 201 (1997).
Matsuya Y., Hayashi K., Nemoto H., J. Am.
Chem. Soc., 125, 646 (2003).

Matsuya Y., Hayashi K., Nemoto H., Chem.
Eur. J., 11, 5408 (2005).

Winterfeldt E., Chem. Ber., 97, 1952 (1964) .
Acheson R. M., Ansell P. J., Murray J. R., J.
Chem. Res. (S), 1986, 378.

Medion-Simon M., Pindur U., Helv. Chim.
Acta, 74, 430 (1991).

Sueda T., Nagaoka T., Goto S., Ochiai M., J.
Am. Chem. Soc., 118, 10141 (1996) .

Ochiai M., Kunishima M., Tani S., Nagao Y.,
J. Am. Chem. Soc., 113, 3135 (1991).

Tobe Y., Iwasa N., Umeda R., Sonoda M.,
Tetrahedron Leit., 42, 5485 (2001).
Chernick E. T., Eisler S., Tykwinski R. R.,
Tetrahedron Lett., 42, 8575 (2001).

[Chem. Abstr., 77,

NI | -El ectronic Library Service



