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Nn-Butyllithium-Catalyzed Stereoselective Dimerization of 1-alkyne
and Hydroamination

Tomoe KIMURA, Syo TANAKA, Akemi, IJIRO, Toshiaki SUZUKI

Abstract:

n-Butyllithium can serve as efficient catalyst precursors in the presence of small amounts of amines for the catalytic
cis-selective head-to-head dimerization of 1-alkynes to give the corresponding conjugated cis-enynes; no adducts of
alkynes and amines are detected. For example, phenylacetylene dimerized to afford cis-1,4-diphenyl-1-buten-3-yne in
70% yield at 120 °C for 240 hours with 13 mol % n-BuLi and 30 mol % of diisopropylamine without formation of
enamines. However, in the presence of excess amount of pyrrolidine as solvent, the addition of pyrrolidine to 1-alkynes

occurred to give enamines. The plausible reaction mechanisms are discussed.
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Scheme 1. Various reactions of acetylene
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Scheme 2. Dimerization of phenylacetylene
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1b: Ln = Yb Ar R (thf),,
1c: Ln = Lu

2a:Ln=Y,Ar=Ph,n=2

2b: Ln=Yb,Ar=Ph,n=2
2c:Ln=Lu, Ar=Ph,n=2

2d: Ln = Lu, Ar = CgH,Me3-2,4,6, n =1
2e: Ln =Lu, Ar=CgH3sMe,-2,6, n =1

Scheme 3. Syntheses of silylene-linked cyclopentadienyl-amido rare-earth metal alkyl complexes 2a—e

Table 1. Dimerization of phenylacetylene catalyzed by alf-sandwich rare-earth metal complexes 2a—e?

__ Ph Ph
cat. 2a-e Ph
Ph——= - / + + + oligomers
. Soo 805G y /—\ /_/ /:
Ph Ph
4a 4b 4c

reaction conversion®  product distribution®
catalyst ) :
time (h) (%) 4a:4b:4c:oligomer
2a 20 80 89:0:6:5
2b 18 69 92:0:0:8
2¢ 18 >99 100:0:0:0
2d 5 >99 100:0:0:0
2e 5 >99 100:0:0:0

@ Conditions: phenylacetylene 3a (1.0 mmol), catalyst 2a—e (0.020 mmol),
in C¢Ds (0.45 mL) at 80 °C. ® Determined by 'H NMR and GC-MS.
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Scheme 4. Carbonylation of amine catalyzed by yttrium trialkyl complex under mild conditions
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Scheme 5. Carbonylation of amine catalyzed by butyllithium under low pressure of carbon monoxide
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Scheme 6. Inter- and intramolecular hydroamination of alkenes and alkynes
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Scheme 7. Hydroamination of phenylacetylene
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Table 2. Dimerization of phenylacetylene3acatalysed by trialkyl rare-earth metal complex 1a,c, 8a—e, and 92

1-5 mol % catalyst

525mol% [ NH (5a) Ph—= _
Ph——== E: > \> + PhT\\_Ph

3a THF 0.5 mL PH
r120°
rti_15% © 4a ab
Ln(CH:2SiMes)s(thf) Ln N Y%Nij > l
/\ 3 3in
1a:Ln=Y 8a:Ln=Sc 8d : Ln=Nd 9
1c:Ln=Lu 8b:Ln=Y 8e : Ln=Gd
8c:Ln=La

catalyst (mol %) am((r)nu(l)llt (;)f) 5a  reaction tEeonclr))eratureb time (h) yizlad/ ‘(‘:f))c
la 5 25 rt 15 93/0
la 1 5 120 1 96/4
la 1 0 120 10 91
1c 5 25 1t 15 3/0
8a 5 25 1t 15 4/0
8b 5 25 rt 15 81/0
8b 1 5 120 1 96/1
8c 5 25 t 15 10/0
8d 5 25 rt 15 98/0
8e 5 25 1t 15 92/0
9 5 0 t 10 95/0
9 1 0 120 1 92/6

2 Conditions: phenylacetylene 3a, 1.0 mmol; catalyst, 1 or 5 mol %,; pyrrolidine 5a; THF, 0.5 mL. ® rt : room
temperature. ¢ Determined by GC.

—J5, MEUERWEEAIE, CEERSITEL T Loz, EBR, bl iAoV A VT
AT I UEMATRIN-TTFAN) T LENZZE A, WRNSAE LR, Ziuin-7T 1) 5
TANT IV OKRFBEGEHENTER LI F VLT A YT ENLT I R MLV AR T o T
OICHBLI-ZbDEEZBbND, ZTD=), ML UEEETIE, 7vF L oo BRI ET LA
Mol bDOEHEIISND, ZHHEDZENG, TEF Lo BERIETHE, 72 rOaER=/bK
IR EFERRIS, VF LT S REBROAERNLEATHD Z ENHERISN S,

13 mol % n-BulLi

30 mol % i-Pr,NH Ph—— —
Ph—= SRR Ny PhT\\—Ph

THF 1.0 mL PH

3a 120 °C, 24 h

5.0 mmol 4a 4b
17% 1.8%

Scheme 8. Dimerization of phenylacetylene catalyzed by n-BuLi
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(3) N-TFNIUFTLET I U BEORF
(2) THR7=EIH1Z, TEFLUrOZELUSIZBWTIY FU AT I REERDOARDBMETH 5
EBEZOND, ZTIZT, nTTFAYF IR L TNADT IV OBEFHEIES Z &1L Y, cs-m>
AV da BWERRT DU 2SR E2 R LTz, 73 ELTYA Y7 rENT I {(CH;).CH}LNH 5b E Off
H.% Table 3 (2R,

Table 3. Effects of amounts of h-BuLi and amine?
13 mol % n-BulLi

o i-Pr,NH (5b) . Ph—= > Ph——
Ph—= THF1.0mL P: T Ly
5.0:;?mol 120°C, 24h 4a 4b
amine / n-BuLi yigl;i/g?)b cis-select. (%)P
1.2 9.0/0.7 93
2.4 17.1/1.8 91
4.8 11.5/1.3 90
6.0 10.0/0.8 93

2 Conditions: phenylacetylene 3a, 5.0 mmol; catalyst, 13 mol %;
diisopropyl- amine 5a; THF, 1.0 mL at 120 °C for 24 h. ® Determined
by GC.

TIVENNTFINI)FULD 2450 L X, LRMOIER) 4a, 4b L HITHRbmS R, TV
BRSTED ENRIMES 2D Z o Te, Fh, TIVEMEZTD cis-ROBRER T L AL
LN END, WTNOEHEL Y FULT I RO L LTIV TW S EEZ BN,

—J, n-TTFNIFILET 2= LT BF L2 3aDRISTIE, 7EFY RBERTDHZ ENH BT
% (Scheme9) . ZD7=, 7 IVENHINTLHE, 7TEF U ROERMPHEFEIN, MRl Tz
A2 3a-b DYLRE FIZO2 N5 L0 LHEHI S D,

n-C4HgLi  + @%H —_— Q%Li + C4Hqo

3a lithium acetylide

Scheme 9. Formation of lithium acetylide in the reaction of n-BuLi and phenylacetylene
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THF O AN EET66 CTHHZ EMnD, HE LY a2 L 7ENTHIGREZ 100 °CLL EIC
F2Z ENEEL W=D, 60~100 CCORNRE DRI 21T>72 & 25, 80 °CLL T Cldcis-—2 1 > 3a D
INRIZ 2% L F CTh otz LIEENR-S T, 7= LT BF LoD " BbISITIE, 100 °CLLEDIR A V31
Th5b,
(5) RUSFEE OGS
BOSKEH 24 BEfE IS, cissm 2 A & 3 OUCRIZD T 17% CTh o7, SUGRFRZ S ST L TRIG
EATolz b 2 A, ISKHE 240 FEEC 3a OULEN 70% F TH L7 (Tabled) . =D, GFRHE %
FEIX L CTHIERITHIM L2 o T, £72, RISHEZ RS LTH cis BIREIT 90%LL BITEE D, B8R
KORERETFIER SN ehoT,
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Table 4. Effect of reaction time in the dimerization of phenylacetylene 3a?
13 mol % n-Buli

30 mol % i-Pr,NH Ph—=\ Ph——
— » +
Ph—= ) \ o,

s THF 1.0 mL, 120 °C PH
5.0 mmol 4a 4b
time (h) yie;g /g)ﬁ’) i cis-select. (%)°

3 0.9/0 100

45 1.1/0 100

6 2/0 100

10 3/02 93

24 17/1.8 91

48 21/14 94

72 23/1.4 95

96 30/1.7 95

240 70/6 91

408 66/6 91

2 Conditions: phenylacetylene 3a, 5.0 mmol; catalyst, 13 mol
%; diisopropylamine 5b, 30 mol %, THF, 1.0 mL at 120 °C. ®
Determined by GC.

(6) Fir HIAGREGRMRE & O L

N-7FNDFTLE NI T XAy T LR 1a lZ OV THERT 5, ROSREIZERT 2L, n-
TFNYF T A TIE 80 CLLF CIHAIENFEE A EHEERODIZHL, v M) 7 AR 1a 2D &
FRICBOWTHRISPETT 5, £, JOSREE 120 CIZ LT 5 & n-TF U F 7 L0 1/13 Ofililts:
T96%E W) EINETZ A INELNTWD, FUSKRIZOWTHEZ T 5L, v MU U LABSE

A U T LA 1a TIEEIR CTRIGZIT> T 60 FERTIER 100% IZELTWDA, n-7F LY F
7 LA TIE 60 °C, 240 BE T 70%RETH 5, Lid-> T, fBEMEIL, 4 v b U oAk 1a DI1E 52
XD MITENY, cis BPUCRICOWTHERT 5 &, BIRE 100% LTV 7R20nb 00, n-7F N FU L%
FAWESEAIZBWLTE 90-95% Th o,

A b TLEER e LT FANFULELT DL, 5K 1a OFBMENLTNDR, U T 0 Ll
DI TFERIE L Y @M TH D 2 L, 85K 1a ITEKRT OMENRNDHDH 2 &, GRITITEER
Bl wEmETH 5 Z L, M HEARBMBAR O IIXRHER v 7 AENVETHHI L, —h, n-TFIL
UFULEHIRSNTND Z EEEEET L L, A HEMBIC -, AN FERN A TH 5 &
W2 b,

(7) RKBEIOT I FET TORS

ATFED & 912, THF WP CRIGZAT D &, cis-mi AV da DNEERINICE B, 7= T7k®F L
Y3 ltr Uy Sadh T T ERMITESER LRV, T T, KERIOT I 2 Saf & IHLE
EE UTHY, A filC 2 bR o s 7 E D it L,

v 22 (CHy)NH (5a), ¥4 Y 71 ELT 2 2 {(CH3),CH}NH (5b), E-%U 27 2/(CHy)sNH (5¢), ¥
TF /LT 2 (CH;CHo)NH (5d), E/L7R U > O(CH,CHa)NH (5e), U =F /L7 2 2 (CH;CHy):N (5H)D 6
FEICOWTRRET L7e, T ORRZ Table 51253, 7EF L 3at7IV501: 1 THS 3
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Table 5. Hydroamination and dimerization of phenylacetylene?

R,oN Ph _ Ph Ph
n-BuLi R2N Ph
Ph—— : - \:\ + / / + \\ + / /
Amine 1.0 mL Ph P —
100 °C Ph
3a NR2 Ph
— 4a 4b 4c
Ph
7a-c
n-BulLi amines reaction yield (%)b
(mol %) time (h) Ta—c 3a 3b 3¢ others
13 5a 24 37 0 0 0 51
13 5¢ 24 1 10 1 0 0
13 5¢ 48 1 15 3 1 0
26 5¢ 24 1 12 2 0 0
13 Se 24 0 8 1 0 0
26 Se 24 0 8 1 0 0

2 Conditions: phenylacetylene 2, 5.0 mmol; catalyst, 13-26 mol %; amine, 1.0 mL at 100 °C for 24-48 h. ® Determined by GC.

DT F I 9a—c [ZOWTIFRENREER =D, IRITEGDOE TR L,

13 mol % O n-7F /U F T LEHG, KO P2 5a ZIRBEEREIE & LT 100 °CT 24
IS SED &, 72T ®F Lo 3attnl) P 5ad A THDTF 22 Ta— D 27%lX
FTHLN, 72=ATEF LU B8R dae TESERLRDSTZ, ZOIED, Tz AT EF LY
3alt'rUTr 5ad 12 04 10 &b 5 i é&%(MMm)#ﬂ%éﬁbfwkoeﬁ,y
AV TRELT IV Eh, VEFATIE, MUZFAT IS EHWEGEICIEIOSITIEE A L
TL=hodz, BEr Uy 5a ERIUSERIRE 7 2 /T%étAU//&,%wT)/&%%w
&, [ABROSA: T Tl cis-enyne da 23 TR & LT 10%RREARK L2, =) Tarc OmihR/E
¥ (others) | S Lo 7z, AEEZHECLZY, OGKZIEIX U720 L CHIROERIE
IZRE BT o T2,

L EDFERD, Scheme 10 12T L 91, TIvE L TREROEY R Y 5az2flnid e, 7=
NTEFL2OEELD b Fe 7 I MR L TRZ YV =) I Ta—e BAERL, 2NHAEHIC
Erl Yy sa bR LT 72T ®F L 3albtnl vy 5a O 12 M8 BNEKTHEEZD
N5, KEFIOERY 2 5¢ RFNARY U 5e  HWEGEITIE, 7==ATEF L 2D &g
FLTEZD, e a7 I bt AEETLAAWE b, £, "B da—c 37 IV TS
L7222, mha AR bR SN ol LIS D, LIRS T, n-7TF ALY FuLEHNT
D7 2= VTEF L 3a T IV 8af DOKISIE, T 2 OO et EO N AEE D DT R
HEWZE YW RELSELEND Z RGN0, KGEHET 5 2 L3 B TEHE LW & W ) FEmIcE o7,
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n-BulLi Ph\j n-BulLi Ph\n
- IMNG : i N
excess E:NH excess E:NH 2
LY:}

Ta-c 5a 8
Ph—— —
3a
n-BulLi /_\
excess x NH
X =CH, (5¢)
O (5e)

Scheme 10. Reaction of phenylacetylene 3a with excess amines in the presence of n-BuLi

4. PEVBFETTON-TFILFOLERANWS I ZILT7EFLUOOZEL/E FAT7 I/ ERIEDRIG

e

DRV ﬁ/ﬁm«/&/iﬁw 7 M TEERT VXKL ZHWESE, TETF L EDK
S Z 0 TEFY KR **f%ﬁ—‘#i%ﬁkb F DN EMEFE & L C head-to-head, cis EERIMENIEEL L TV D
ZEMS, n-TTFY ?:WA%)EHI/\K IH T BTV NG SR A SR & U CRISDHEIT T D
k%i%héoﬁmém5ﬁmwﬁé&Mmul_mﬁo

N-TFALYFILE T2 LT ¥FLr3aDEGICEVESNS T2 FY FEAICTEFL LY 3an
AL L, ZE7 2T U RO—HOMENUIEND Z L2k, BHDOWEBNEKRT D, ZOETIE
fi S RS A AR L7 E EOGDEIT T A Z ENEETHY, B OENLT AF AT EF U R “F
" FICHEBET D52 LI VR C AR L, BloT7EF L 3a & T 5 2 &2 L Y head-to-head, cis-—
VA daMREBEL, TEFY FEADPHLETD, 5, PEIORCEZRETIUE, head-to-tail =21 > 4e¢
BELND, 728, ZORRIBWTET I VOFERRAIRTHL Z b, UVFUAIET I U AENL
LTWDZERMELBbib,

F72, ZOKIGTIFEDED head-to-head, trans- I//l’ v 4b BAER LTS, DRSS % Scheme 12 (2
R, UG, HEYFULTEFY RERBE LT “O7FN INckv a1 4b BELND EHERIE
NnNo, 2720, ZOGAELT I VDFERRRAIRTHLZ b, VFUANIIT IVBENLL TS & A
Lis,

—J5, ¥nUYr sa ZKEBRICHWZEAICITE R 7 2 MR LTl 5, HEHI S D SOGSHME
% Scheme 13 (2~ 9, 7, n-7TF NI FULLER DU Sanb T ULAT I RPRAERL, TN T ==
ATEFLU 3L, enl vy sa bndThZLIiV Iy Tae BEEEL, VT VLT I RN
BAET D LIS D,

5. £&6H

KRG TIET L UFEFTO n-7F L) F 7 L% AT 1-7 % head-to-head, Cis-TEINA) B &
v Ra7 I JAERISIZOW TG L, EOFEE, THF st ch &y 4 Y 7a e L7 Iy 5b F/EF T
FOitz%4T 9 &, head-to-head, cis-BRAY — EALSICAESERNCHEIT L, Cis-14-2 7 = =/V-1-7 7 -3-1 . 4a
WER T0% R TH LI, =F I 7 OERITHER SR -7z, —F, KiERIOEr Y P 5a & G
BB LTHWA E, B Ra 7 I ERUSPBELTEZY, =F I 78 37%E 51, =21 v 4a-
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2 CH3CHoCHoCHaLi

2 Ph :\

3a

[Li]=-.

[Li] = Li(amine),,

Scheme 11. Plausible mechanism of formation of enyne 4a and 4c¢ by dimerization of phenylacetylene 3a catalyzed
n-BuLi

c I SN ehotz, ZOX I, ARIGIE, 7 2 Ob Tt OZECIS S O H T E WIS
FORELELASNDZENINY, ISEGIET D Z &P TEHE LW E W) fEmIcE o7,

i PGB ARAE L n-7 F L) FU LRSS &, SO E S JONLERERIRMEE, & TSR
PEAAIEEDIE S DX D MITE, £i2, n-TTFNY FULAOELEIZE, AVD7 I VofEIc k- T, Kk
PERRELSEAEND EVHIREES ALY, LnL, B0 R NOMIESHRONE# S 72 C2RALTER
i, PEOVA YT ENLNT 20 5b FAE FTeis-1,4- 7 = =)L-1-7 7 3-1  4a D3 K T0%ILR T

BN L, FERICRERBEELH D, £, T TNV FULERANT -7 AF O ZEBLISELT
Il BMICIHME Lo NERNZ ETHY, VEOT I UEMAS AT 1-T AR O T BALDHEST
T AT TR, MER X ONSRIREIC head-to-head, cis-— > 1 MG H 72 Z L1, (LSRRI BT K&
|
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CH3CH,CH,CH,Li

Ph——
3a
- Ph C4H10 Ph
" /
Ph 4c

)\P

-

Ph

3a
[L|]>_\ [LI]/_\

[Li] = Li(amine),

Scheme 12. Plausible mechanism of formation of enynes 4b and 4¢ by dimerization of phenylacetylene 3a catalyzed
n-BuLi

CH3CH,CH,CH,Li
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