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Hydrogenation of Alkynes to cis-Alkenes with Hydrazine in Air
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(Key Laboratory of Medicinal Chemistry and Molecular Diagnosis of Ministry of Education, Key Laboratory of Chemical
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Abstract Transfer hydrogenation is a mild and effective way in reduction reaction. In this paper, a simple approach of selec-
tively hydrogenation of alkynes to cis-alkenes with NH,NH,*H,O as a transfer hydrogenation agent in the presence of air
without any catalysts or metals was developed. Furthermore, the configuration of cis-alkene was confirmed by the 2D NOESY

spectrum.
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AR, AT 2 S LK & E(NH,NH,H,0) N
AN, BT — RAEA 25 (A AL N 1
WG T HAL RGBSR SL. BTSRRI, KAk
(NH,NH,*H,O)1E A R i 7 S Ak 7, 7E38A AL
FIRIZAE TR, 78200 ool poke 18 TR 28 )i =007 42
ifid 2D NOESY i # 7t 1 MM e e Y. 12 i 45 R
N PLIK A BENHoNH, s H,O) A #4655 S A S 3 7] 30 5 1
I JR I 22 I 1 H I TR T 00 24

1 &R511R

T T8 K B I IAS TR Jo A 2 0 0 1) e 9 3 3o 85 A
Hii /1R (Gabriel) & B fill & AR R ROBE. ABIT ) i, Ik &
JHFR 7K i 408 24— FR gk SO e A & 0 2 ) 2% A G R AL &
RN, B S5 A E R A iU, 78 AT AT I AR 7T
TAEH, B KA BEKELA T 1 & s 1 — i
WA 1a IS (Eq. DAEIUE &K = HEAT A 2R A
Wi, SEREE. GRS 1a~1e, H 1a~1c
FIELA 3 3N 22%. 29%F1 50%, RSV s &Y
1b i@id "H NMR 1A, 6 5.89, 5.26 A1 5.15 I T AN
WL A, #E—P@id HRMS N T =ik &

la~1c I T8, =MEY la~1c K& EET 'H
NMR 1% 5 (1) 37 B S o & B g A, FEEefelom 1 e
1.29 : 2.24. 245 BB W /KA WHE K MR 48 28 — F BRIV fi
(1 3ok R Hp ot o R O TR R T 0 R R e R, U T K A
(NH,NH,*H,0)7E 2 S Hh il A i # E Al 7).

BEIM, AT T RIEBM = H &Y 2 RS
SN W 1 R, £ ORERFIF, 16 5 E
IBUN 80%IK AN, NIEIY 4 h, BEEIRE T,
IHIEATAEY) 2a I & RIZWTEINGER 1, Entries 1~6), FF
HSEAIR R =) 2b (& Emagn. 75 2R R %
PR, BBV NIEIRNEY) 2a AR LEY
2b IS A 26%H1 44%, AR MEEYI & &
MR TH NMR g, bR N 4, BOAs I
B0, S FILBE S S S (A) PR, 56 4038 SR H =4 2b 1]
TEIRWTAN, 2NN 24 h i, HIEL S 2 &
R B AT AER) 2b (3R 1, Entries 7~12). #E1f, 2
ARG BN S5, KB 16 58, tha1 2 ik
RigmIt st &40 2a ()& &5 (3R 1, Entries 13~
15). 54h, Bimbib A8 N IR EY) 3, M
12 h A 13%MREA &) 3 AR &1 3aGER
2).

O
80% hydrazine hydrate
: N\/\ SO H,N o
(o) O N 2 \/\o/\/ \/\o +
(¢} /\\ Ethanol, reflux \
1 1a 22%
H2N\/\O/\/O\/\o/\/ + HN \/\0/\/0\/\0/\/
1b 29% 1c 50% M

K1 AW 2 ARSI SN RRK A 82T 0 S 4

Table 1 Temperature, time and equivalent effects on the reduction of compound 2

80%

HO\/\O/\/O\/\O/\\ hydrazine hydrate HOL~o O ™F + HO g O g™
X Ethanol
2 2a 2b
Entry t/h T/°C NH,NH,*H,0/equiv. 2/2a/2b* Conv.“/% of 2a/2b
1 4 20 16 1/0.03/0 2.9/0
2 4 40 16 1/0.06/0 5.8/0
3 4 50 16 1/0.2/0.03 16/2.4
4 4 60 16 1/0.44/0.16 28/10
5 4 70 16 1/0.74/0.70 30/29
6 4 Reflux 16 1/0.85/1.48 26/44
7 2 Reflux 16 1/0.44/0.19 27/12
8 4 Reflux 16 1/0.85/1.48 26/44
9 6 Reflux 16 1/1.21/2.53 26/53
10 8 Reflux 16 1/1.44/3.99 22/62
11 12 Reflux 16 1/1.79/9.35 15/77
12 24 Reflux 16 0/0/100 0/100
13 4 Reflux 2 1/0.18/0.02 15/1.7
14 4 Reflux 8 1/0.48/0.19 29/11
15 4 Reflux 16 1/0.85/1.48 26/44

“ Determined by "H NMR spectroscopy.
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Table 2 Time effects on the reduction of compound 3

K3 ALEY 4 AN SBIIN [E] R H S B 45

Table 3 Times effects on the reduction of compound 4

HO o] 80% hydrazine hydrate o .
~ o \/\O/\ o o \ _ 80% hydrazine hydrate
3 Ethanol
4
HO\/\O/\/O\/\O/\) + H H
3a — HO R
HO oH m OH
HO\/\O/\/O\/\O/\/\ 4
a 4b
3b
Entry  Time/h 3/3a/3b” Conversion’/% of 3a/3b Entry t/h 4/4a/4b" Conv./% of 4a/4b
1 4 1/0.08/0.01 7.3/0.9 1 1 0.74/1/0 58/0
2 6 1/0.12/0.03 10.4/2.6 2 2 0.46/1/0 69/0
3 8 1/0.11/0.01 9.8/0.8 3 3 0.13/1/0 89/0
4 12 1/0.16/0.04 13.3/3.3 4 4 0.09/1/0.04 89/3.5

¢ Reaction temperature: reflux; NH,NH,*H,O: 16 equiv. b Determined by 'H
NMR spectroscopy.

W AR AU R AT, KE e B R
e AR IR bR, I HLRE ] 24 v 1838 B 7= A
fe, BRI, BEALRBUR, JHA R ke 4.

PRI, AT BRI S5, WEFE T — R FIX
e AERIE AR B AL 54 4~T (IR S5, Wl Eq.
2 JI7R, SRS IRk P i A0S L AT — S 1) 2 ) AR FHL %K
JoL.

R\ /R 80% hydrazine hydrate R S
HO——==—OH Ethanol HO ﬁ;{ @
4~7 4a~T7a

R = CH3 4, CH,CH3 5, CH,CH,CH3 6, CH,CH(CH3), 7

&Y 2,5- W HE-3-He-2,5- O W (4) 7 Z B VR
W, 16 RN 80% /KA, BT, B [ S [H
M1 hE 4 h, EREIEEY 4a N LR 550 58%
(1 h). 69% (2 h). 89 (3 h)H1 89% (4 h)(E 3). 4N}
B4 4 h B, ERIEFERETENEY) 4b FEAEN
3.5%, ULHASONI A 3 h et 0 s B2t ), FbAs
JRIIFEARIG IR G da TIEALRILE] 89%. IIEHT
W) da BREENTE, BELTIN CH,Cly/CH3COOEt
(V1Iv=3/1), tEWERZ 'THNMR. °C NMR Al HRMS
GRAL.

BT, WAL T A AL BN 5 R B A R R,
I HLL 3,6- " HFk-4-He-3 6-F “FE(5). 4,7- - FFFE-5-
He-4,7-%% “FE(6)F 2,4,7,9-DU0 FHJE-5-4k-4,7-28 —FE(T) A
NEJEYD, 18 CBEEFIT, 16 15 2481 80% K& 41
T, FEAFER B [E A ARG Sa. 6a Fil Ta(3
4). WAL REY, Hl&MERENEY Sa. 6a Il 7a )
ALY R 92%- 90%A11 94% (35 4), i B 2% [A) for
PELISE R, bR G R AT E R A = T .
Ah, BT R BRI S B ALBHIE K, RIS ] Ak &
) 4a 1 3 h IEK 3 21 (5a). 24 (6a)F1 26 h (7a). 1 IEAT
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“ Determined by 'H NMR spectroscopy.

£V 5a. 6a Fl 7Ta ALENT B, PeliiA CHLCly/
CH;COOEt (V/V=3/1), th&WEEMZ "H NMR, °C
NMR I HRMS 25 £1F.

a4 B 5~T FEARR ONA R ) s b 45 5

Table 4 Reduction of compounds 5, 6 and 7 with different reac-
tion times

R R 80% hydrazine hydrate
HO>—=—0
5~7 Ethanol
H H
RY:S(R , HO R
HO OH R OH
5a~7a 5b ~7b
Alkyne R g Allonelalkene/ 0 a0 of arb
alkane
2 1.3/1/0 44/0
4 0.73/1/0 59/0
6  0.44/1/0 69/0
5 CH;CH, 8 0.30/1/0.02 76/1.5
12 0.11/1/0.03 88/2.6
17 0.07/1/0.04 90/3.6
21 0.02/1/0.07 92/6.4
4 0.58/1/0 63/0
8 0.52/1/0 66/0
6 CHCHCH, 24 0/1/0.11 90/9.9
48 0/1/0.23 81/18
2 3.82/1/0 21/0
12 0.53/1/0 65/0
7 (CH)CHCH ) 05/1/0.03 93/2.8
26 0/1/0.06 94/5.7

“ Determined by 'H NMR spectroscopy.

AR TR RN G, (2)-2,5- ZH 3-3-
175-2,5-3F —¥(5a) %) "TH NMR 1 °C NMR 5 SCERIRIE 1)
g R —gU FARANIE T T AR A 2-F
FE-4-FRFE-3- 27T B (8) I R 1 iR M I AR 1) S M (Eq.
3), KRB 12 F1 24 h AR IR A 8a (L%
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Bl s
HA 26%A0 25%, BEE RNVIIEIER, “5E4” dJE NH,NH,
P 8b RN, IR T BRI R . | 02
PR A 2 A HoS=Lon + My

80% hydrazine hydrate

¢ M= Lo
— Ethanol
8
H H
+ 3
OH OH
8a 8b

WAL &Y 8a LA EHT 0, 'TH NMR Il °C NMR
T RAE. MRt &4 8a i) "H NMR i fi /s C=C XUk ()
R A RIAE 0 6.47 A1 5.77, 1B&HECH 12.6 Hz, Pl
HoNI e 4. #Ef7, 2D NOESY 7t 11k &
V) 8a (AL, FRIEMIFHIERT 40 7.23 1 7.32) 5 Rk
IR FE(6 1.36)FFRRIER 20 1.57)Z [AFFFE
AESC, il 1 Fs. 54k, SBEIRHER T4 5.77)
H5HENRTFEG 1.5 WAAEHEMMEE, Wi 1 pr
. IXEegE UG A ) 8a 2 N

| |
S (L J
= -
—= [1] B — -
A B pat 2
/"‘/ 4
i - 6
B T
A.ﬁﬁ+r
........ 542
S

B 1 L& 8a ) 2D NOESY i
Figure 1 2D NOESY spectrum of compound 8a

KB Bk 32k % 4 3 J R e 2 K0 S 1Y) S R AL R
(Scheme 1)5 SCRR[4 1458 F)7K & BRI 238 R 9 e ke i)
BUERSAL, BROKE BHE 2 S B E R R NoH, 73
U BRI U NoH, 20§ 5 MR IR 43 % S J0 3R
WD, SR T 5Bk, SR 7 H5% 2) hos
b BT RRIEY) > T A AL BN, FRAR T A R
WA S DI ORISR B AE IO A
B

2 Zhig
W T — B 51 WUk 2 A0 0 B 1B 1R (R M 2Rk B,
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B 1 KEWHE R SR R A i S B R L ER
Scheme 1 Oxidation of hydrazine to diazene in the air and
transfer hydraogenation of alkynes to alkenes

£ VA7K A I (NH,NH,*H0) 0 6 # S A Wl 7 i 264 T
A8 2T e R AR S IR PR L. e AL
BOWKEPHER R EER = EM NoH, 727, =&
i NoH, 70 T S BRIGIRY) 0 7 SO Te IR A, &
AN AR, BT 0 1 BRI 10 2 e (2 B SRE, F
& 1 AR S A 5 WD SO SEE 1, e 287 W DR B AE I
AR B, HEif, i8id 2D NOESY 1 IEM T4 A
SRR R A S IR RO IR B % Fe 4 SR 9 BL
TR B e % A TR 0 % R bRk 3 DR 2 e
T T B8

3 SIS

31 HE5EHA

'H NMR. "*C NMR #1 2D NOESY i/ RT-NMR
Bruker AVANCE 600 MHz (TMS A5l &; w503
K JF 3% F FTICR-MD (Tonspec 7.0)il 5E.
3.2 XWHE
321 (2)-2,5-=%F HA-3-1-2,5-T =B (4a) 89 & A%

25 mL [BJELEHF, HIA 710 mg (5.0 mmol)ff] 2,5-
TUFAFE-3-bk-2,5-C T (4), 4.9 mL (80 mmol)KsK A
(NH,NH,*H,0) (80%), M 20 mL ZFEEAEF]. 1%
RIS R 3 h, (1R RVRA R =R, e
TV, FIRDDHRAE 10 mL & HeiwHF, B 5 mL
IKBER IR, B ZEFIREIKERE, AYAE TR R T
fe. FEENT &, By CH,CL/CH;COOEt (V/V=
3), 153 A E LAY 4a (628 mg), 7=F 87%. m.p.
68.2~68.8 C; '"H NMR (600 MHz, CDCly) J: 1.39 (s,
12H, CH3), 4.25 (s, 2H, OH), 5.34 (s, 2H, C=CH); “*C
NMR (150 MHz, CDCLy) d: 31.59 (CH;), 71.14 (C—C=
C), 135.41 (C=C); HRMS calcd for CgH;sNaO, 167.1048,
found 167.1043.
322 A mib s 5a. 6aAe Ta 6k

725 mL [FJRFMF, A 5.0 mmol HIfLE&H)5~
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7, 49 mL (80 mmol)f¥1Ji &5 4L 80% 7K & F(NH,NH,e
H,0), MMA 20 mL ZEEREF. RIEEN 21~26 h,
1 RS, R SRA IR, T, RS R
10 mL & Heia R, A S mL KBEM IR, BRERIAH
KGR, A VA TCKER RN T, A ENT 5, et
#4 CH,Cly/CH;COOEt (V/V=3/1), #l#%L&Y 5a~
Ta.

(2)-3,6- - F B:-4-075-3,6-2F —BE(5a): 7F 90%. A
B4R, "TH NMR (600 MHz, CDCl;) §: 0.91~0.94 (m,
6H, CH3), 1.33 (d, J=4.2 Hz, 6H, CH;), 1.59~1.63 (m,
4H, CH,), 4.13 (s, 2H), 5.21 (s, 2H, C=CH); “C NMR
(150 MHz, CDCly) d: 8.55 (CH3), 29.26, 29.34, 36.46,
36.55, 73.44, 135.06, 135.12; HRMS calcd for C,,H,0NaO,
[M+Na]": 195.1361, found 195.1353.

(2)-4,7- I BE-5-475-4,7-2% [ (6a): 7% 88%. i
FAWAK. "H NMR (600 MHz, CDCl;) d: 0.92 (t, J=7.2 Hz,
6H, CH;), 1.34 (d, J=3.6 Hz, 6H, CHj), 1.33~1.43 (m,
4H, CH,), 1.54~1.58 (m, 4H, CH,), 4.06 (s, 2H, OH),
530 (d, J=1.8 Hz, 2H, C=CH); *C NMR (150 MHz,
CDCly) d: 14.48, 17.50, 29.75, 29.81, 46.39, 46.47, 73.23,
135.05, 135.11; HRMS caled for Cj,H,s0, [M+H] :
201.1855, found 201.1851.

(2)-2,4,7,9-VU FH 3E-5-45-4,7-2% —[(Ta): 773 94%.
m.p. 52.2~53.8 °C; '"H NMR (600 MHz, CDCl;): 0.95~
0.97 (m, 12H, CH;), 1.35 (s, 6H, CH;), 1.51 (d, J=6.0 Hz,
4H, CH,), 1.83~1.87 (m, 2H, CH), 4.06 (s, 2H, OH), 5.32
(s, 2H, C=CH); “C NMR (150 MHz, CDCL;) 6: 24.54,
24.62, 24.69, 30.80, 52.73, 73.93, 135.33; HRMS calcd for
Ci4H2sNaO, [M+Na]": 251.1987, found 251.1985.

323 fuéds 8a a9 Ak

7 25 mL [BJEFEHF, I 800 mg (5.0 mmol)ff] 2-
FH L -4- 2R -3k 2- T 1(8), 4.9 mL (80 mmol) 7K A i
(NH,NH,*H,0) (80%), M 20 mL ZEEAER], f£5S
RN 12 h, RMNRA B =R, TR, BREm
7510 mL Z& F R A, B S mL KRR IR, BRERIR
KA e, AU KRR T8, 2T s, ok
Jii 7 A CH,ClL/CH;COOEt (V/V=3/2), 18 A & [ &
(2)-2-H H-4- IR B -3- 475 -2- T BE(8a) (225.8 mg), /7 H
25%. m.p. 57.5~58.2 ‘C; '"H NMR (CDCl;, 600 MHz) ¢:
1.36 (s, 6H, CH3), 1.57 (s, 1H, OH), 5.77 (d, 1H, J=12.6
Hz, CH), 6.47 (d, 1H, J=12.6 Hz, CH), 7.23 (t, |H, J=7.2
Hz, ArH), 7.31~7.35 (4H, ArH); C NMR (CDCl;, 150
MHz) o: 31.20, 72.12, 126.98, 127.89, 128.08, 129.01,
137.55, 139.34. Anal. calcd for C;;H,40: C 81.44, H 8.70;
found C 81.32, H 8.79.
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