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Selective Syntheses of Primary Alcohols Using anti-Markovnikov
Hydration of 1-Alkynes Catalyzed by Ruthenium Complexes

Aya Kawarada, Toshiaki SUZUKI

Abstract:

Highly regioselective, efficient, and substituent-tolerant anti-Markovnikov hydration of terminal alkynes and successive
reduction of aldehyde occurs to give primary alcohol in the presence of formic acid by use of a catalytic amount of
easily available cyclopentadienylruthenium complexes bearing appropriate bidentate phosphine ligands. Typically,
RuCpCl(dppm) catalyzes the addition of water and the successive reduction by formic acid to phenylacetylene at 100 °C
to give 2-phenylethanol quantitatively. In the reaction of 1-alkynes with water, acid catalyst gives ketones; ruthenium
catalyst gave aldehydes in 2-propanol and gave primary alcohol in formic acid, respectively. The plausible reaction

mechanisms are discussed.

1. [XL®HIC

KT b HETRERHIED 1 5>TH Y, ZHEFH LIZROSTRENE, ZENE, BRE~OEER 8%
DETENTND, TDD, 7V —2H% AT AF 704 I A U — (Green Sustainable Chemistry, GSC) '™
BAD Y, KEFH LICKSITABERICBW TEDbO THERKIGTHDH, ZOHFTH 1-7 /7 DK
FNTARANCEE R ARSI T 5,

FEEFE AbF] OFEREZB O TL, BROARL LT =rary=aroiEd]) AiEfishtnsg,
i, BT OfbFE Markovnikov SRR LTZ (e X080 X 918, o EEs " EEA IR LTk
MTRWT 7 AZHX A (H-Cl, H-OH 72 &) O 2546, 77 O ZEiEG &R T %R
FIRTFD L, KERFDOLNFIZH R, KERFDODRNFITX BAIMLLT V] (Scheme 1) &9 %
BHITHD, LIENoT, B LD 1-7 vy (mF Ly ZR<) ~OKROMHINTIE, H—HT7va—
IVEFFDH T EIXTE R0,

catalyst )I(
CH3CH=CH; + HX ————>  CH3CHCH3
Scheme 1. Markovnikov addition of HX to double bond of asymmetric alkenes
BT N a— L EEL7-0I00E, TERIZE, a0 hea P AL VR Vit Z VW e Fak

AIRIZE VT AT e REERRL, TNEETTDHIEICLVAFEINTWS (Scheme?2) 2, B Fak/L
SIURIZEBWTIE, BT LT E REESPNOT LT RBNAERKRT AD, FOHITRISEMC L F#Hgic
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X7, b RakLIuplE, i@E, 200~450 kelem?, 100~200 COEE « BED FTITb 7%, MitE
FEENIRTIUIEKRT 5 Z L IIRETH 5,

[Co] or [Rh] CHs

RCH=CH, + CO + H, » RCH,CH,CHO + RCHCHO

[Ni] or [Cu] CHs
. > RCH,CH,CH,0OH + RCHCH,OH
2

Scheme 2. Industrial method for producing primary alcohols

—Ji, FEREHEOFEBRIZBNT, 1-TAT a2 HE—RT NV a—/WIEHRT 5 5L LT, B RrAkv#
{LZFIHT D HENM LR TV, £7, 1-7 V7% Fudsv#ELL TR 7R LRy FEEAKL,
ZNET K UIFE T TR bkEE VTR L=, IKSET 55D THSH (Scheme3) . LovL,
ZDOFEE, ERMISTOHDTDFRTENENT L0, KEORVEENRIAT 572 EORERH - 723,

T, ABFETIE, 1-7 1% @ anti-Markovnikov KFINZ E D7 V7 v ROEGRS S ZFIH L7285 —ifk
TV a— )L DE ROV THRFTT 5,

(BH3), RCH=CH,
RCH=CH, ———» RCH,CH,~BH, —————>, (RCH,CH,);B

Hy0,/OH" H,0
—2727 » (RCH,CH,0}:B —2—> RCH,CH,OH
3

Scheme 3. Hydroboration of 1-alkenes and oxidative hydration to primary alcohols

2. 1-7ILXADKD anti-Markovnikov [Z& B T7ILTE KOER

TIT e REFARY ET 5 -7 V% 2 OKFISRE 1998 A, ik HIC K- THIO TS Szt
K B IE, il & L T [RuCly(CsHe) {PPha(CsFs)}] (1a) & PPhy(CeFs), & 2 W I%[RuCly(CsHe)l» (1b) &
P(3-C¢HsSOsNa); Z 4G OB 7o ilir 2 Tl Y, BIERME LT hURTETWDLHOD, TATE
RaFAEMME LTHRDLZ EICHRATYD TR LIz, BlziE, 1-4 7 F o ~OKROHMEINZIBWT,
RuCly(CsHe) {PPha(CsFs)} & PPhyo(CeFs)Z il & U CHWTCRISZAT o 1288, 1-4 7 X F— V& UUR 75% T
DI EIWEEI LTS (Schemed) ., LU, ZORIRIE 10 mol %D /LT =7 A, 30 mol %K A7 4
VEVEL L, DX — A — b T 75 EWH SRS o, e, BIAERME LT b
AT D720, RISORIRPECONT S RES SRS TV,

10 mol %
[RuClx(CeHe)(PPh2(CgFs)] (2a) ’ o
30 mol % PPhy(CgF n-Cehqs
n-C6H13 — 4+ HZO ° 2( 6 5) I n'CGH13/\H/ + m/
2-propanol e}

75% 4.5%

Scheme 4. First anti-Markovnikov hydration of 1-alkyne to aldehyde

D%, BARDOIMD ST N —T 1BV TN ER LN R, “JERRA T 4 Ui+ %2 b
RuCpCl(Ph,P(CH2).PPhy) (n = 1 (2a), 2 (2b), 3 (2¢), 4 2A)D 7R EH 1 ODT NAFNEE L OF /KA T ¢
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[
1 mol % thp/su\CI

L-PPh,
(3a) _ M(H /\/\H/
/\/\ + HZO - +
2-propanol e} 0]

>99% 0%
Scheme 5. Exclusive anti-Markovnikov hydration of 1- alkyne to aldehyde

L EE % 2515 RuCpCl(P(CH3)nPhs ) (N = 1 (3a), 2 (3b), 3 Be)/2 E DL 7 B X VT = )LLTF =7 A
(ID$4EE NS Z LIk Y, WRTHDT, 7 hr a2 @ET 5 2 LR T AT FOR%ERH 2 LIC
Hesh L7 (SehemeS) . ZHUCE Y, MR E SHUTVE S — 2 g —/S—HIE 100 ZHI, SUSOBIRIEZ >
WCBBR STz, ARkx 22007 =0 D T2 1% & 2 OZRFIBOE DORERIZ-SUNT Table 1R,
F7, #AR5IE, RuCpCldppm) (2a) Zfill: e LTV, Fix D 1-7 L% L OKFIIRICOWCREA4T
S>TW5, EHEIERT L3 P TIRRL, DEFEWV T FABRLEZ L OT VXY, HFERT VX,
T—T N, TAT, = RUADEDREREREEZ B OT VX L TH IR TT LT b ROAE EIR
TTRDLZ LI LTS (Table2)

Table 1. Ruthenium complex-catalyzed anti-Markovnikov hydration of 1-hexyne?

1-5 mol % RuCpCl(Phosphine), @
/\/\ + HZO > /\/\)J\
H

i-PrOH, 100 °C, 12-36 h
under argon

ruthenium complex® mol % time (h) yield (%)°©

RuCpCl(dppm)  (2a) 1.0 12 >99
RuCpCl(dppe) (2b) 4.0 12 >99
RuCpCl(dppp) (2¢) 5.0 36 73
RuCpCl(dppb) (2d) 5.0 36 97
RuCpCl(dppbts)  (2e) 5.0 12 84
RuCpCl(dmpm)  (2f) 5.0 36 38
RuCpCl(depe) 2g) 5.0 36 47
RuCpCl(PMePhy), (3a) 5.0 12 >99
RuCpCl(PMe;Ph), (3b) 1.5 12 97
RuCpCl(PMe3).  (3¢) 3.0 12 97

@ Conditions: alkyne or dialkyne, 1.0 mmol; RuCpCl(dppm), 1-5 mol %; H20, 0.75 mL;
2-propanol, 2.5 mL in a sealed tube under argon at 100 °C for 12-36 h. ® dppm = bis-
(diphenylphosphino)methane, dppe = 1,2-bis(diphenylphosphino)ethane, dppp = 1,3-bis-
(diphenylphosphino)propane, dppb = 1,4-bis(diphenylphosphino)butane, dppbts = 1,2-bis-
(di-4-sulfonatophenylphosphino)benzene tetrasodium, dmpm = bis(dimethylphosphino)-
methane, depe = 1,2-bis(diethylphosphino)ethane. ¢ Determined by GC.

3. 1-7ILF~ADKD anti-Markovnikov ZF|FA L 1=E—HRT7IIL2—ILDERK

TN —UIEEERICB W T O EERLEW TH D, TAa— XTIy, ~all ALTvFL, 7
N, ZATI, TATR KL, 2 OFEEEMNOLEKT DI ENTE, o, T Va—iLnhs
fOFE M EM~ERS HZ L L AETH 5.

TN VDOERIED 12T, T/ATE ReF M2 BT 2 HERD D, ITHETIE, AHEEMEZ H
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Table 2. anti-Markovnikov hydration of 1-alkyne catalyzed by RuCpCl(dppm)?

0
R— + o 2-19 mol % RuCopCI(dppm) - QOJ\
i-PrOH, 100 °C, 12 h H
under argon
1-alkynes products 2a, mol % yield (%)"

n-CgHizs—— n-C;H;sCHO 2.0 93
n-CigHio—— n-C1 H,;CHO 3.0 94
= (CHy)g——=—= OHC(CH;)sCHO 10.0 89
FBu——= t-BuCH,CHO 10.0 81¢
PhCH,—— PhCH,CH,CHO 3.0 93
PhCH,O(CH,),—— PhCH,0O(CH,);CHO 3.0 94
PhCO,(CH,),—— PhCO,(CH,);CHO 8.0 85
NC(CHy)3— NC(CH,)sCHO 10.0 88

2Conditions: alkyne or dialkyne, 1.0 mmol; RuCpCl(dppm), 2—10 mol %; H20, 0.75 mL; 2-propanol,

2.5 mL in a sealed tube under argon at 100 °C for 12 h. PIsolated yield, except entry 4 which shows

GC yield. ¢ Heated for 24 h. ¢ At 130 °C in 2-methoxyethanol.
T 1-7 /13 @ anti-Markovnikov KFISUGIC &0 85—k 77 /L 3 — /L GRS HHF7E SHU TV 5, 2014 4F,
Seth B. Herzon &1, /b7 =7 Al 4 FAWNT 1-7 L% BBk 7 /L 3 — LA TRIRANIC GRS 2 2 LI
L7 (Scheme 6) ¢ , ZOLJETIE, TAF A% LT 4 ¥EDFXEE L OMEIOKEZINZ TRIGEIT>
T2, ZORETHOTODAT =0 AEEAMENE, BAFHE LUz sd, Hilkod RuCk2>b
AT 5121, [RuCly(CeHe)ala’s [RuCp(CsHe)]PFs®, [RuCp(CH;CN);|PFe™%%: & #2135 ZEPED Bkl a B9 5,
ARG ERIZES L Cid RuCly 70 5 2 B¥pECA R C & % RuCpCl(dppm) (2a) D5 2MENMEE £ > (Scheme 7) 10,

+
CI —
\N/R‘U"'N\ // |PFe (4)
%N X ©/\/OH

HCO,H
N-methylpyrrolidone-H,O

Scheme 6. Syntheses of primary alcohols using anti-Markovnikovhydration of 1-alkynes by Herzon (2014)

1) PPhs
2)@ PhoP” > PPh,
RuCl;-nH,0 > RuCp(PPh > RuCp(dppm
s CH3;CH,OH p( 3k toluene, reflux P(dppm)
reflux 2a

Scheme 7. Synthesis of chloro(ctclopentadienyl)(bis(diphenylphosphino)methane)ruthenium (II)

ZIT, AFETIE, voraRXe ATV AEBN T ERL, ISEOY CEERTLHHRAT 0 ALEY, R
\ZZJER AT 4 VBN A E AT BT = AEEAAEE RuCpCl(dppm) (2a) ZHWT -7 AF Ui bE—kT
IV — )L DA RSN DN TR 21T 572, $5K 2a X, Scheme 7 12779 X DA HERIES TH Y,
ZERP CHRERSERTH D, BRD L 512, $8K 2a ZAlEE L L7- 1-7 /L5 > @ anti-Markovnikov ZKFi 5
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T, 100%DFRKETT AT REAHTH I ENTE, I F AU MEOKIGHREEREZLZENEIED PR X
B(CeHs)s 72 EDME AN Z D MBINT 2, ORI, BILAITH DL XA INZ D72 THE— 7T v a—L%
BRRTE D ETHUE, SR 2a Ofit e LCORMAMENIENY, o, FEREHEOF—ET La—Lof
R7e Bk 720155,
F T, BHFFETIE, 1-TF L ~DKD anti-Markovnikov ZFIH L, MIGRISETHI TH 5 XEea LE
SHDLZ LIV EAET N a—VOREE R,
(1) fREA7ZRFEERT1E (Scheme 8)
A nlEL 12 AdU7- 20 mL #2fF & 3B IZ 5 mol % RuCpCl(dppm) (2a) & A, 235 CTEH L7=14,
BEBRFHK[FT2-7 18—/ 25mL, FHE 0.15mL (4.0 mmol), 7RE/K 0.75mL, 7 ==LT7&F L
> 1.0 mmol Mz 7=, B L%, BIRLARND, Ao "2, FrEiiiE CorER s SE 7z,

IRIT GC o R L v B L7z,
H
GRS
5 mol %

Z RuCpCl(dppm) Phenylacetoaldehyde
+ H,O + HCO.H > .
solvent
100 °C, 24 h

OH
Phenylacetylene in a sealed tube ©/\/
1.0 mmol 0.75 mL

2-Phenylethanol

Scheme 8. Syntheses of primary alcohols using anti-Markovnikov hydration of 1-alkynes catalyzed by
RuCpCl(dppm) (2a)

(2) BOGEREE L FRE OIS JONEIRERIC T2

1-7 /1% > @ anti-Markovnikov KFIZ L 5 7 /L7 & ROGRTIL, S8 2a Zfiflit & L CTHY, AL
LC2-7u ) — L fWTHRFLTEZ (Table 1,2) , £2C, @ 2-7 03 —L&2FEEE LTH
VY, FEEAE 1T AF AR LT 4 MEINZ D, @ Bl LT2-7a N — L E WY, R0
WESREETTHE LTHWD, W) 200 5EEREI L., 174 F e LT 2= 7 BF L&
WTCSEBRZ1T - 7255 % Table 3 (2777,

-7 R ) =V EEEEE U, 4 Y EOXEE AW, 7 =T B F LT 100%ER{(E L2 b DD,
TT e RBFEERD E LTI 91% THLIL, TAa—LOERITOT N 9% Tho7z, —F, Kifd
B O XA AR A LTHWESESITIE, TAa—ARnE Y & LTIER 718% TA b, 7L
T RILRIT 21% THo7T-, ZOFREENS, £, 72=ATEF LU ARG LTZ==LT & b
TITE RBAERL, ROT, TBPKERER->TERLEZT AT E RBETENT2-7 = =)L X
J IV LT EHERI SN D,

ARIBROFER L, RuCpCl(dppm) (2a) X FHERZ L0, LKBOFEBRTIE, FMeiIGHEE R

Table 3. Effects of the amounts of solvent and formic acid for yields?

amounts of solvent and formic acid yield (%)P
2-propanol formic acid PhCH>CHO PhCH,CH>OH
2.5mL 0.15 mL (4.0 mmol) 91 9
0.0 mL 2.0 mL (53 mmol) 21 78

& Conditions: phenylacetylene, 1.0 mmol; RuCpCl(dppm), 5 mol %; H20, 0.75 mL;
2-propanol; formic acid in a sealed tube at 100 °C for 24 h. ® Determined by GC.
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W& L Clat a7 o 72,
(3) RUSFEE OGS

ATREOHER 2 AT 5720, FWMAREHOECH & LTHY, USRI OEBLZ BT L, ZO/E
Z Table 4 (Z"d, FOGKFH A 24 BFEIN D 48 FFRIICIEIX T &, 7 == Tk 77T RIS
T, -7z =X ) A BIREEENICHE SN (Tabled) . ZORERND, 7= T7FL UL
KRG LTT7 ==L 78 T AT e RBAERKRL, IRWNT, FEBKERE > TER LT VT E R
DIEILEINT2-7 = =)V B ) — VISR D &0 9 SRS HERR S 47z,

LIS T, ROGHRZ R 35 LIENEL 78D~ TC, BIEBWEERLTZY, RN 53R
L7EVT 2V RINRHLM, TORISTIHE, ERLEZ2-T 2=V ) — VR LTEY, thowElc

BTV $ 22 LidenoTl,

Table 4. Effects of reaction time.?

o yield (%)°
reaction time (h)
PhCH,CHO PhCH,CH,OH
24 21 78
48 0 100

@ Conditions: phenylacetylene, 1.0 mmol; RuCpCl(dppm), 5 mol %;
H20, 0.75 mL; 2-propanol; formic acid in a sealed tube at 100 °C for
24-48 h. ® Determined by GC.

(4) BAKGR TOMEt
WeSURlES 12 A7z 50 mL 1) A7 F 2 225K 2a 185 mg (0.25 mmol) & AL, ¥ Am— MaHlks
BRI CEFRER L%, EHEFHKFCEE 10 mL, /K 375 mL, 7==L7%F L 055 mL (5
mmol) & Az, BHET A NIORWTHBCRIZ LIIREET, ML 5 100 COAA NN AHT
24 BEEI RS STz, USHE T4, Gc\ﬁwﬁ%ﬂ6W$%mbto%@F%%Twm R,
BEARTIL, 24 BB OIS TIET V2 —18 718% LovE b e, E'RANCED i%ﬁﬁ%%b
7oo ZAUZREL, BARCRTIE 24 REfECTEERIC 7Uvﬂ—w/ﬁﬁ@éhjw\_@ kﬁﬁs X
B TIE IR ENEAET H720, BIBCROERXFRIC I DI AFTHD EHEHI SN D,
(5) MBWHIE 1-7 V% L ~D /KD anti-Markovnikov ZFIH L7258 —#k 7 /L o2 — /L OSSO
JEISHE 1-TAF v & LT, 1-AF Y rBION -4 7 F o2 H0TRRILIZE Z A, Wb b

THTIATE ROLNE LI, T/a—idit Snihot-,

Table 5. Effects of equipment?

) yield (%)°
equipment
PhCH,CHO PhCH,CH,OH
in a sealed tube 21 78
opened flask 0 100

2 Conditions: phenylacetylene, 1.0 mmol; RuCpCl(dppm), 5 mol %;
H20, 0.75 mL; 2-propanol; formic acid at 100 °C for 24 h. P
Determined by GC.

4. 1-7)L* > ® anti-Markovnikov KRS EFFA L1=F—H 7L 2 —I)L D AERHEE
TIHERAT 4 VBT R O 7 u X Z o LT = AR 2a LT -7 AT D

anti-Markovnikov ZKFN i D SRS 2 D I FHEREIZ DWW TIE, ERERB L OGHERZRIC L 2 ERNMD
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BAR O DOBIGE 7 N —T I Ko TTTIZHE SN TV D, SRR D, ARISIZBWTIE, 747 R
R LT=t%, BTNV a—PNERTDHEEZ LD Z LD, Scheme 9 | Z/R T USHEIZ L > TT LT
b RDAERCL, RWT, FERIC L 2iELH T (Scheme 10) & HEHI S5,

£, A 2a DOEAA AU NREEL THF A LML T =7 K (DKL 220, FDZEN BN
1-7 V3 O ENL LT T VS CEUEBETR A DAL D IRWT, e hAb ST A =T =0 A (V)
BL72Y, B RY RPLT=0 A RZEERELTE=U T AT =0 A (V) CEKRT 5, FiV T, By
JRENE R A AL DREMMEZ T Ce Raxo T Ar=1l7=A0V) D BMERT D E, T
ST NV T =0 (V) EIZEMALT 5, thic, 74T b RONETTHOEES L, 28V 7o BNz 1-77 v
X UNENLT D ET R ‘/ﬁﬂufﬁﬂiA DAL, M1 7 VRTERRT B,

F7-, Scheme 10 (2777 X 912, 5K 2a TFMA(F/E F T /L7 & ROBEILAMBEE L TH@< & o L HERIS

[RUIV] 2+

R H

B RTIV]
+ R
H \/ H

R—=H 1I

Ru" ]+

[Ru'l]—Cl K > | ]

22 \ R—=——H

OH

R [R‘u”]
R\)L |]4
[RUIV] /

H

[Ru'"] = [RuCp(dppm)]* E

Scheme 9. Plausible mechanism for hydration of 1-alkyne to aldehyde catalyzed by RuCpCl(bppm) (2a)

[RuH] H
HCO,H >_
o
[Ru]—Cl
2a [RuH]—o
HCI F
[Rul—Q
H
H

HO
H

Scheme 10. Plausible mechanism for reduction of aldehyde in the presence of formic acid and catalytic amount of
RuCpCl(bppm) (2a)

[Ru'] = [RuCp(dppm)]*
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N5, BEIK 2a 1THACW A A L BONLF-INE S IRBES 2728, FHEE IS L THRL A — MEIR F 23ERKRL,
WA NR=zkve RY FEHAG L7ed, ZOKG BT IVTE REKIELTT/Vasxy REHAH B34
L, ¥BEEDRISIZE D 7L a— L FEET 5 & & BICEER F N EAT D,

5. £&6

AL WK% RS SETT L a— 0 b ViR = AL S BT A RG1E, WD CEEARKMIGTH
Do 1-TINF U ~OKDOAINBIETIE, %, Markovnikov AN L7=23o TH MU MBIE L CTART 523,
UT4E, RuCpCl(dppm) (2a) filifiiA A% & anti-Markovnikov S5 E#4T L, 7/LF & ROZBMEHND Z &M
WE S 22T, AIFFETIE, 1-7 0% 2 EKDORISIZB W TR A REIE Al E LTHWD Z &I
kv, BHE—HBT N a— L EBIRNCART A HECOWTHRHL, FOME, 7oA TEFL NG 2-7
=)V H ) — L% 100% IR TS Z LI LT,

ZOGNE, RFEEZ % E, RuCpCl(dppm) (2a) fillfta FHIWT 1-7 V% v EKERIS S D & &, A
Z 2T ) =)L EXBEBFNFTHZ LT, TATE REE—RTLa— L EEV 3T H 2 ENTELS
EEREMET 280 THD (Scheme 11)

i H
i-PrOH R/ﬁf
0]

RuCpCl(dppm) (2a)

R—= + H,0

HCO,H

Scheme 11. Syntheses of aldehyde and primary alcohol from 1-alkyne

AL TRBAFRALKFE DOKFIIS ] 2> TWD EWH AT, [EEER L] o TE#eamo
PEE SR OHITTONE EBENH D, @HEFRTIE, AREAZRBWNTT B F Lo Offix DORIGZ F.5,
BT Mbs) OBFRECBOTE,  [HEEAKER (D) 22 E &l LT F L AIKEMMEES &,
REEIRE=ZNAT N a— Va2 R T, LEBIZREROTE N T AT RIZZEDS ] (Scheme 12) & ftdk S
nTng,

_ HgSO, H H HaCr o H
H-C=C-H + H,0 ———> | C=C — C
H OH 0

Scheme 12. Hydration of acetylene catalyzed by HgSO4

Flz, TNT 0T INF L OkkA RRINCINZ, FERRNZ & LT Markovnikov HIZ4 5, Z4uE, =
T DALEEFH Markovnikov 233K L1z [7a_Xu 7 ED X HIz, &N TEESICH L TR TRV
N AZHX A (H-Cl, H-OH 72 &) O+ 2546, 77O ZEiEGZ BT D RFERFD D
B, KFBFEFDOZNFIZHD, KEFRFODRNHFIZ X BT (Scheme 1) &0 9 BRERAITH 5,
Lo C, B LD 1-7 v 7y (2 F Lo ZBRLS) ~DOKROMINTIE, M7 va—nz2/(sl e
IXTER,

U EOWNFIZAHIEONKEZ B S5 Z ENAIRETH 5, AL CILE IEEZ LD 1-T X &2 T
WBHTZ, TEFLUOKMBUSIIA T, 7 b Z2RRT D068 TVT e REARRT 2 KOG % Bl S &
DI EMMTE D, Markovnikov AN L7223 » TKBEHINT UL, REELRFEIEDO =L T L a— L& T,
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TRUNFEAERME L THELND, L, VT UMD Z LI XTI AT e RIS EAERME L
THRLI, IDITEFBAE T CRNEIT) ZEICEVERT NV a— AR GO0 LD, fillofH
PEOBFRIZ D72 03% (Scheme 13)

AWFZETIE, AR L IV TR Y, BRFEAK T TEREZIT>TCWNDHID), AEERE LTHI D
FREECH D, LL, TEF L ORIER Markovnikov HIl &2 F 584~ 2 BRI2I1E, ARIFEAEL TTAF O
IKFIRGSC anti-Markovnikov ISR E&FIE L ORLBRD LRETHRAD I LT, HRETESKEN
LV EEMICR D EEZOND,

<3
R™ “CH,
[Ru] H
R—=——H + H,0 - R
(CH3),CHOH o
[Ru]
. OH
HCO,H R

Scheme 13. Syntheses of ketone, aldehyde, and primary alcohol from 1-alkynes
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