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Direct Conversion of Alcohols to Alkenes by Dehydrogenative 
Coupling with Hydrazine/Hydrazone Catalyzed by Manganese 
Uttam Kumar Das, Subrata Chakraborty, Yael Diskin-Posner, and David Milstein*

Abstract: We have developed unprecedented methodologies for the 
direct transformation of primary alcohols to alkenes, in the presence 
of hydrazine, and for the synthesis of mixed alkenes by the reaction 
of alcohols with hydrazones. The reactions are catalyzed by a 
manganese pincer complex, in absence of added base, or hydrogen 
acceptor, liberating dihydrogen, dinitrogen and water as the only by-
products. The plausible mechanism, based on preparation of 
proposed intermediates and control experiments, suggests that the 
transformation occurs through metal ligand cooperative N-H 
activation of a hydrazone intermediate. 

Transition metal catalyzed synthesis of alkenes is a central 
synthetic strategy in organic chemistry, as alkenes are essential 
building blocks for the construction of many important complex 
molecules.1 The most common methods for the synthesis of alkenes 
are mainly based on C-C coupling reactions and on classical 
olefination of carbonyl compounds (Scheme 1).2 Among others, 
widely used approaches are Wittig reaction,3 Julia olefination,4 
Peterson reaction,5 and Tebbe olefination.6 In addition to 
stoichiometric metal-mediated coupling of carbonyl compounds,7 
there are several reports on transition metal catalyzed olefination, 
such as Ir, Pd, Rh, Ru, Ni, and Cu catalyzed Wittig-type reactions with 
in-situ generated carbonyl compounds.8 These procedures are 
typically restricted to the use of stoichiometric amounts of additives 
and/or bases with a carbon equivalent source.  

The direct transformation of alcohols to alkenes can offer an 
attractive ‘green’ route for the synthesis of C=C bonds.9 In several 
reports alcohols were used as alkylating agents towards C−C bonds 
formation.10 Our group reported the Wittig-type and Julia-type 
olefination of alcohols to form alkenes using ruthenium pincer 
complexes.11 However, the highly desirable, green and sustainable 
direct catalytic transformation of alcohols themselves to alkenes using 
a well-defined catalyst is, to the best of our knowledge, unknown. 

The application of complexes of earth abundant metals (Fe, Co, 
Ni, Mn) in homogeneous catalysis has attracted much recent 
attention.12 Manganese offers an attractive alternative to noble metals. 
We reported the dehydrogenative coupling of alcohols and amines, 
catalyzed by the manganese complex 1 (Figure 1)13 and further 
noteworthy progress has been made by other groups in the area of 
homogeneous (de)hydrogenation catalysis using manganese.14 We 
have reported that catalyst 1 also efficiently catalyzes C-C bond 

formation via conjugate addition of non-activated nitriles at room 
temperature, in absence of added base.15 Several groups reported 
manganese catalyzed C-C bond formation reactions using alcohols 
for the sustainable construction of important compounds.16 We have 
also demonstrated that the manganese pincer complex 3 (Figure 1) is 
an efficient catalyst for the unprecedented α-olefination of nitriles by 
alcohols.17 Very recently the Kempe and Maji groups independently 
reported the manganese catalyzed olefination of substituted 
heteroarenes with alcohols.18 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 1. Prevailing methods of alkene synthesis. 
 
 

 
 
 
 
 

Figure 1. Manganese pincer complexes explored in this study. 
 
Direct use of hydrazine in homogeneous catalysis is a 

challenging task. Deoxygenation of alcohols using hydrazine, 
catalyzed by ruthenium and iridium complexes, was reported by Li 
and cowarkers.19 They also reported very interesting ruthenium 
catalyzed C-C bond forming reactions using carbonyl compounds 
and preformed substituted hydrazones as alkyl carbanion 
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equivalents in the presence of base.20 Our group reported 
dehydrogenative coupling of alcohols and hydrazine to form azines 
catalyzed by a Ru-PNP pincer complex, and deoxygenation of 
alcohols using hydrazine catalyzed by complex 3.21 Very recently we 
have reported manganese-catalyzed coupling of alcohols and 
hydrazine to form N-substituted hydrazones through a ‘partial 
hydrogen borrowing’ process using complex 4 (Figure 1).22  

 Inspired by the above reports we have developed a catalytic 
process for the direct conversion of alcohols to alkenes by 
dehydrogenative coupling with hydrazine/hydrazone catalyzed by a 
well-defined pincer complex of the earth-abundant manganese. This 
reaction proceeds under base free conditions and generates 
hydrogen, nitrogen and water as the only byproducts. To the best of 
our knowledge, catalytic conversion of alcohols to alkenes by 
reaction with hydrazine/hydrazone has not been reported. 

Reaction of benzyl alcohol (0.5 mmol) in 1 mL of 1M hydrazine 
in THF in the presence of complex 1 (3 mol %) at 120 °C in a closed 
Schlenk tube resulted after 24h in 91% of alcohol conversion to form 
of azine in 86% yield (Table 1, entry 1). However, using complex 2 
as catalyst resulted in formation of stilbene in 22% with azine in 53% 
yield, as measured by GC-MS and 1H NMR (Table 1, entry 2). Under 
the same reaction conditions, use of complex 3 as catalyst resulted 
in formation of stilbene in 59% yield after 12h (Table 1, entry 3) and 
91% after 24 h with 65% and 99% of alcohol conversion, 
respectively, as revealed by GC-MS and 1H NMR (Table 1, entry 3 
and 4). The 1H NMR of the crude product is in accord with the E 
geometric isomer. Only traces of the deoxygenated product, toluene, 
was detected by GC-MS. Analysis of the gas phase by GC indicated 
formation of H2. It is noteworthy that the reaction does not require 
any base or hydrogen acceptor addition. Complex 4 was not an 
effective catalyst for alkene formation, leading to only azine (N-
substituted hydrazones) in 80% yield (Table 1, entry 5). Using 
hydrazine hydrate instead of hydrazine in THF was less effective 
(entry 6). 
 
Table 1. Manganese catalyzed dehydrogenative coupling of benzyl 
alcohol in presence of hydrazine.a  
 
 
 
 
 

 a0.015 mmol catalyst, 0.5 mmol benzyl alcohol, 1 mL 1M N2H4 in THF in 50 ml 

Schlenk flask heated at 120 °C. bConv. and yield were determined using GC or 

NMR using N,N-dimethylaniline internal standard. cAverage of two runs. 
dIsolated yield. eReaction was in presence of hydrazine hydrate instead of N2H4 

in THF. f1,2-diphenyle ethanol was the product. gSee mechanistic part and 

Scheme 3. 

Table 2. Conversion of primary alcohols to alkenes catalyzed by 3.a  
 

 
 

 

aConditions: 0.015 mmol catalyst, 0.5 mmol alcohol, 1 mL 1M hydrazine in THF 
in 50 ml Schlenk flask heated at 120 °C. cConversion determined by GC or NMR 
analysis using N,N-dimethylaniline as internal standard. cYield by GC or NMR 
analysis using N-N-dimethylaniline internal standard. dIsolated yields. eUsing 
25% tBuOK as base. fMajor by-products were azine and 4-octanol. 

 
Next, the scope of this unprecedented catalytic transformation 

of alcohols to alkenes was explored using various benzylic alcohols. 
As shown in Table 2, benzyl alcohol and substituted benzyl alcohols 
with electron donating or electron withdrawing groups give stilbenes 
in very good yields (with less amounts of  deoxygenated product 
and/or azine as side products). Reaction of benzylic alcohols bearing 
electron withdrawing groups in the para positions (p-F, p-Cl, P-Br and 
p-CF3) afforded the corresponding alkene products in good yields 
after a reaction time of 36h (Table 2, entries 5-8). The corresponding 
stilbenes, obtained by use of 3, 4-dimethoxybenzyl alcohol and 3-

Entry Cat Time 
(h) 

Conv 

(%)b 
        Yieldb of  
alkene         azine 

1 1 24 91 - 86 
2 2 24 90 22 53 
3c 3 12 65 59 - 
4c 3 24 99 91(84)d - 
5 4 24 95 - 80 
6e 3 24 76 35(23)f 10 
7g 5 24 86 78 - 
8g 6 24 81 72 - 

En
try 

Alcohol Product t(h) Conv. 
(%)b 

Yield 
(%)c 

1  

 

24 99 91(84)d 

2  
 

24 99 90 

3 

  
24 99 87 

4 
  

24 99 82 

5  

 

36 99 89  

6  

 

36 99 89(81)d 

7  

 

36 99 87 

8  
 

36 68 55 

 
9 

 
 

 
36 

 
97 

 
78(75)d 

 
10 

 

 

 
36 

 
95 

 
85(80) d 

11 

 
 

 
36 

 
88 

 
77(74)d 

12e   
36 96 17f 
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methoxybenzyl alcohol and hydrazine was 78% and 85%, 
respectively (Table 2, entries 9 and 10). Using 3-(dimethylamino)-
benzyl alcohol, the corresponding alkene was obtained in 77% yield 
(Table 1, entry 11). However, heteroaromatic alcohols and nitro 
substituted alcohol produce mixture of products with no alkene.  

Aliphatic alcohols such as 1-butanol also underwent 
dehydrogenative coupling with hydrazine. However, the azine was the 
major product under standard conditions. Using 25% tBuOK as base, 
17% of the alkene 4-octene, together with azine and 4-octanol were 
formed as determined by G.C and 1H NMR spectroscopy (Table 2, 
entry 12).20a See SI for details. 
 
Scheme 2. Dehydrogenative coupling of alcohols and hydrazone to 
form cross alkenes catalyzed by complex 3.a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a0.0075 mmol catalyst, 0.25 mmol alcohol, 0.25 mmol benzylidenehydrazine 
(hydrazone) in 1 mL THF in a 50 ml Schlenk flask heated at 120 °C. bIsolated 
yields. cYield was determined by GC and NMR using N,N-dimethylaniline as 
internal standard (see SI) 
 

The synthesis of mixed alkenes from the coupling of hydrazone 
and alcohols is also an attractive process. Recently Li and coworkers 
reported very interesting Ru-catalyzed cross alkene synthesis from 
carbonyl compounds and preformed hydrazone.23 However, 
stoichiometric amounts of additives and base were used. We now 
report the first example of a manganese-catalyzed coupling of 
alcohols and hydrazone to form mixed alkenes. The reaction is 
catalyzed by 3. Heating a THF solution of benzylidenehydrazine (0.25 
mmol) and alcohol (0.25 mmol) with 3 (3 mol %) at 120 °C resulted in 
formation of mixed E-alkene in good yield as determined by G.C and 
1H NMR spectroscopy. To explore the scope of the cross coupling 
reaction, different alcohols were examined, producing mixed alkene 
products in acceptable yields (Scheme 2). In most of the cases the 
secondary alcohol (easily separated) was a side product obtained 
from the cross coupling of hydrazone and the primary alcohol as 
described by Li (see SI). 20a However reaction of aliphatic hydrazones 
with alcohols yields azines and no mixed alkenes.  

Regarding the mechanism, we believe that the amido complex 
5 (Scheme 3) is involved in the catalytic cycle.14g Indeed, when freshly 
prepared 5 (3 mol %) was employed as catalyst in the 
dehydrogenative coupling of benzyl alcohol, stilbene was obtained in 
78% yield after 24 h (Table 1, entry 7). Significantly, treatment of 5 
with benzylidenehydrazine (1 equiv.) in THF at room temperature 

resulted in formation of a new complex 6 (Scheme 3, a), which 
exhibited two doublet signals in 31P{1H} NMR at δ = 59.8 (2JPP = 129 
Hz) and 89.5 (2JPP = 129 Hz) ppm, indicating N-H activation at room 
temperature. Abstraction of the acidic -NH from benzylidenehydrazine 
by the basic amido moiety of complex 5 generates the N-H activated 
Mn(iPr-PNHP)(NHN=CHPh)(CO)2 complex (6), which was structurally 
characterized by NMR, IR spectroscopy and X-ray crystallography 
(Figure 2, see also SI). This represents a rare direct N-H activation of 
hydrazone by MLC (MLC=Metal Ligand Cooperation).24 To further 
support these assignments, benzaldehyde was reacted with complex 
6 in THF at 120 °C and leading to formation of stilbene in 83% yield 
as well as complex 5 after 16h (Scheme 3, b). Benzyl alcohol was 
converted to stilbene in 72% yield using complex 6 as catalyst (Table 
1, entry 8).  

 

 
 
 
 
 
 
 
 
 
 
 

Scheme 3. (a) Hydrazone N-H bond activation by 5. (b)Reaction of 6 
with benzaldehyde to form stilbene. (c) Water activation by 5. 

 
 
 
 
 
 
 
 
 
 

Figure 2. Structure of complex 6. Thermal ellipsoids are drawn at 50% 
probability level. Hydrogen atoms are omitted for clarity except N-H 
protons. 

         
 
 
 
 
 
 
 
 
 

 
Scheme 4. Proposed mechanism  
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Considering our experimental findings, and our recent reports 
on Mn-catalyzed dehydrogenative coupling of alcohols and 
hydrazine,21 and deoxygenation of primary alcohols catalyzed by 3,20 
we propose a plausible catalytic cycle (Scheme 4). Hydrogen 
liberation from 3 forms complex 5 which undergoes O-H activation by 
MLC to generate the alkoxy intermediate A.20 Hydride elimination from 
the alkoxy ligand leads to formation of an aldehyde which reacts with 
excess hydrazine to produce hydrazone.21,22 Reaction of the 
generated hydrazone with complex 5 forms the N-H activated 
complex 6, which reacts with the aldehyde to produces olefin via a 
concerted pathway, without use of any base or additives, forming the 
intermediate manganese hydroxo complex 7 and N2 gas.23 Complex 
7 then releases water, regenerating the active catalyst 5. It is 
noteworthy that in a separate experiment it was observed that 
complex 5 can reversibly add H2O/D2O (Scheme 3, c and SI).  

In conclusion, unprecedented base-metal catalyzed direct 
transformation of alcohols to alkenes by acceptorless 
dehydrogenative coupling of alcohols with hydrazine, as well as 
dehydrogenative coupling of alcohols with hydrazones to form mixed 
alkenes is demonstrated. Moreover, the reaction is catalyzed by a 
complex of an earth abundant metal (Mn). This E-alkene formation 
proceeds in absence of added bases, or hydrogen acceptors, using 
the manganese pincer catalyst (iPr-PNHP)Mn(H)(CO)2. A plausible 
mechanism is provided, based on preparation of postulated 
intermediates and demonstration of steps though to be involved in the 
catalytic cycle, including N-H activation by amido-amine metal-ligand 
cooperation. 

Acknowledgements  

This research was supported by the European Research Council 
(ERC AdG 692775), and by the Israel Science Foundation. U. K. D is 
thankful to The Science & Engineering Research Board (SERB), Govt. 
of India for the SERB Overseas Postdoctoral Fellowship. 

Keywords: manganese pincer catalyst• dehydrogenative 
coupling• alcohol• hydrazine • E-alkene  

[1] (a) S. D. Rychnovsky, Chem. Rev. 1995, 95, 2021-2040; (b) S. Matar, L. 
F. Hatch, Gulf Professional Publishing, Houston, Texas, 2001. (c) J. 
Prunet, Angew. Chem. Int. Ed. 2003, 42, 2826-2830.  

[2]  (a) I. P. Beletskaya, A. B. Cheprakov, Chem. Rev. 2000, 100, 3009-
3066; (b) V. N. Korotchenko, V. G. Nenajdenko, E. S. Balenkova, A. V. 
Shastin, Russ. Chem. Rev. 2004, 73, 957-989; (c) M. Oestreich, John 
Wiley & Sons, Ltd.: Chichester, 2009; (d) R. Dumeunier, I. E. Markó,  
Wiley-VCH, Weinheim, 2004.  

[3]  (a) G. Wittig, U. Schollkopf, Chem. Ber. 1954, 87, 1318-1330; (b) G. 
Wittig, W. Hagg, Chem. Ber. 1955, 88, 1654-1666. 

[4]  M. Julia, J. M. Paris, Tetrahedron Lett. 1973, 14, 4833-4836.  
[5]  D. J. Peterson, J. Org. Chem. 1968, 33, 780-784.  
[6]  F. N. Tebbe, G. W. Parshall, G. S. Reddy, J. Am. Chem. Soc. 1978, 100, 

3611–3613. 
[7]  (a) J. E.McMurry, M. P. Fleming, J. Am. Chem. Soc. 1974, 96, 4708-

4709; (b) J. E. McMurry, Chem. Rev. 1989, 89, 1513-1524.  
[8]  (a) H. Lebel, V. Paquet, J. Am. Chem. Soc. 2004, 126, 11152-11153; (b) 

M. Davi, H. Lebel, Org. Lett. 2009, 11, 41-44; (c) H. Lebel, V. Paquet, C. 
Proulx, Angew. Chem., Int. Ed. 2001, 40, 2887-2890; (d) H. Lebel, C. 
Ladjel, L. Bre´thous, J. Am. Chem. Soc. 2007, 129, 13321-13326; (e) F. 
Alonso, P. Riente, M. Yus, Eur. J. Org. Chem. 2009, 6034-6042; (f) H. 
Lebel, C. Ladjel, Organometallics 2008, 27, 2676-2678; (g) E. U. Lee, Y. 

Kim, J. S. Lee, J. Park, Eur. J. Org. Chem. 2009, 2943-2946; (h) G. Kim, 
D. G. Lee, S. Chang, Bull. Korean Chem. Soc. 2001, 22, 943-944.  

[9]  T. P. Vispute, H. Zhang, A. Sanna, R. Xiao, G. W. Huber, Science 2010, 
330, 1222-1227; (b) K. Barta, P. C. Ford, Acc. Chem. Res. 2014, 47, 
1503-1512.  

[10]     (a) M. H. S. A. Hamid, P. A. Slatford, J. M. J. Williams, Adv. Synth. Catal. 
2007, 349, 1555-1575; (b) Y. Obora, ACS Catal. 2014, 4, 3972-3981; (c) 
G. Chelucci, Coord. Chem. Rev. 2017, 331, 1-36. 

[11]   (a) D. Srimani, G. Leitus, Y. Ben-David, D. Milstein, Angew. Chem. Int. 
Ed. 2014, 53, 11092-11095; (b) E. Khaskin, D. Milstein, Chem. Commun. 
2015, 51, 9002-9005. 

 [12]  Reviews on catalysis by Fe, Ni, and Co complexes: (a) R. M. Bullock, 
Science 2013, 342, 1054-1055; (b) P. Chirik, R. Morris, Acc. Chem. Res. 
2015, 48, 2495-2495; (c) I. Bauer, H. -J. Knoelker, Chem. Rev. 2015, 
115, 3170-3387. (d) R. H. Morris, Acc. Chem. Res. 2015, 48, 1494-1502; 
(e) P. J. Chirik, Acc. Chem. Res. 2015, 48, 1687-1695; (f) S. Chakraborty, 
P. Bhattacharya, H. Dai, H. Guan, Acc. Chem. Res. 2015, 48, 1995-
2003; (g) W. McNeill, T. Ritter, Acc. Chem. Res. 2015, 48, 2330-2343; 
(h) D. Benito-Garagorri, K. Kirchner, Acc. Chem. Res. 2008, 41, 201-
213; (i) T. Zell, D. Milstein, Acc. Chem. Res. 2015, 48, 1979-1994; (j) J. 
L. Renaud, S.  Gaillard, Synthesis 2016, 48, 3659-3683.  

[13]  A. Mukherjee, A. Nerush, G. Leitus, L. J. W. Shimon, Y. Ben-David, N. 
A. Espinosa Jalapa, D. Milstein, J. Am. Chem. Soc. 2016, 138, 4298-
4301.  

[14]  (a) F. Kallmeier, T.  Irrgang, T. Dietel, R. Kempe, Angew. Chem. Int. Ed. 
2016, 55, 11806-110809; (b) S. Elangovan, C. Topf, S. Fischer, H. Jiao, 
A. Spannenberg, W. Baumann, R. Ludwig, K. Junge, M. Beller, J. Am. 
Chem. Soc. 2016, 138, 8809-8814. (c) S. Elangovan, M. Garbe, H. Jiao, 
A. Spannenberg, K. Junge, M. Beller, Angew. Chem. Int. Ed. 2016, 55, 
15364-13368; (d) N. A. Espinosa-Jalapa, A. Nerush, L. J. W. Shimon, G. 
Leitus, L. Avram, Y. Ben-David, D. Milstein. Chem. Eur. J. 2017, 23, 
5934-5938; (e) M. Garbe, K. Junge, M. Beller, Eur. J. Org. Chem. 2017, 
4344-4362; (f) B. Maji, M. K. Barman, Synthesis 2017, 49, 3377–3393; 
(g) S. Chakraborty, U. Gellrich, Y. Diskin-Posner, G. Leitus, L. Avram, D. 
Milstein, Angew. Chem. Int. Ed. 2017, 56, 4229-4233; (h) N. A. 
Espinosa-Jalapa, A. Kumar, Y. Diskin-Posner, G. Leitus, D. Milstein. J. 
Am. Chem. Soc. 2017, 139, 11722-11725; (i) A. Kumar, N. A. Espinosa-
Jalapa, G.  Leitus, Y. Diskin-Posner, L.  Avram, D. Milstein, Angew. 
Chem. Int. Ed. 2017, 56, 14992-14996; (j) S. Fu, Z. Shao, Y. Wang, Q. 
Liu, J. Am. Chem. Soc. 2017, 139, 11941-11948; (k) D. H. Nguyen, X. 
Trivelli, F. Capet, J -F. Paul, F. Dumeignil, R. M. Gauvin, ACS Catal. 
2017, 7, 2022-2032; (l) F. Kallmeier, R. Kempe, Angew. Chem. Int. Ed. 
2018, 57, 46-60. (m) T. Liu, L. Wang, K. Wu, Z. Yu, ACS Catal. 2018, 8, 
7201−7207; (n) M. K. Barman, A. Jana, B. Maji, Adv. Synth. Catal. 2018, 
360, DOI: 10.1002/adsc.201800380. (o) A. Kumar, T. Janes, N. A. 
Espinosa-Jalapa, D. Milstein, J. Am. Chem. Soc. 2018, 140, 7453−7457; 
(p) A. Kumar, T. Janes, N. A. Espinosa-Jalapa, D. Milstein, Angew. 
Chem. Int. Ed. 2018, 10.1002/anie.201806289; (q) Y-Q. Zou, S. 
Chakraborty, A. Nerush, D. Oren, Y. Diskin-Posner, Y. Ben-David, D. 
Milstein, ACS Catal. 2018, 8, 8014−8019. 

[15]  A. Nerush, M. Vogt, U. Gellrich, G. Leitus, Y. Ben-David, D. Milstein, J. 
Am. Chem. Soc. 2016, 138, 6985-6997. 

[16]  (a) M. Peña-López, P. Piehl, S. Elangovan, H.  Neumann, M.  Beller, 
Angew. Chem., Int. Ed. 2016, 55, 14967-14971; (b) M. Mastalir, M. Glatz, 
M. Pittenauer, G. Allmaier, K. Kirchner, J. Am. Chem. Soc. 2016, 138, 
15543-15546. (c) N. Deibl, R. Kempe, Angew. Chem., Int. Ed. 2017, 56, 
1663-1666; (d) F. Kallmeier, B. Dudziec, T. Irrgang, R. Kempe, Angew. 
Chem., Int. Ed. 2017, 56, 7261-7265; (e) M. Mastalir, E. Pittenauer, G. 
Allmaier, K. Kirchner, J. Am. Chem. Soc. 2017, 139, 8812-8815. (f) P. 
Daw, A. Kumar, N. A. Espinosa-Jalapa, Y. Diskin-Posner, Y. Ben-David, 
D. Milstein, ACS Catal. 2018, 8, 7734−7741.  

[17] S. Chakraborty, U. K. Das, Y. Ben-David, D. Milstein, J. Am. Chem. Soc., 
2017, 139, 11710-11713. 

[18]  (a) G. Zhang, T. Irrgang, T. Dietel, F. Kallmeier, R. Kempe, Angew. 
Chem. Int. Ed. 2018, 57, 9131–9135; (b) M. K. Barman, S. Waiba, B. 
Maji, Angew. Chem. Int. Ed. 2018, 57, 9126–9130. 

[19]  X.-J. Dai, C.-J. Li, J. Am. Chem. Soc. 2016, 138, 5433-5440. 
[20]  (a) H. Wang, X.-J. Dai, C.-J. Li, Nat. Chem. 2017, 9, 374-378; (b) X.-J. 

Dai, H. Wang, C.-J. Li, Angew. Chem. Int. Ed. 2017, 56, 6302-6306; (c) 
N. Chen, X.-J. Dai, H. Wang, H.; C.-J. Li, Angew. Chem. Int. Ed. 2017, 
56, 6260-6263. 

10.1002/anie.201807881

A
cc

ep
te

d 
M

an
us

cr
ip

t

Angewandte Chemie International Edition

This article is protected by copyright. All rights reserved.



COMMUNICATION          

 
 
 
 

[21]  (a) J. O. Bauer, G. Leitus, Y. Ben-David, D. Milstein, ACS Catal. 2016, 
6, 8415-8419; (b) J. O. Bauer, S. Chakraborty, D. Milstein, ACS Catal. 
2017, 7, 4462-4466. 

[22] U. K. Das, Y. Ben-David, Y. Diskin-Posner, D. Milstein, Agew. Chem. Int. 
Ed. 2018, 57, 2179-2182. 

[23]  W. Wei, X.-J. Dai, H. Wang, C. Li, X. Yang, X.; C.-J. Li, Chem. Sci. 2017, 
8, 8193-8197. 

[24] For examples of N-H activation involving MLC, see: (a) E. Khaskin, M. 
Iron, L. J. W. Shimon, J. Zhang, D. Milstein, J. Am. Chem. Soc. 2010, 
132, 8542-8543; (b) M. Feller, Y. Diskin-Posner, L. J. W. Shimon, E. 
Ben-Ari, D. Milstein, Organometallics 2012, 31, 4083-4101; (c) V. 
Krishnakumar, B. Chatterjee, C. Gunanathan, Inorg. Chem. 2017, 56, 
7278-7284. 

10.1002/anie.201807881

A
cc

ep
te

d 
M

an
us

cr
ip

t

Angewandte Chemie International Edition

This article is protected by copyright. All rights reserved.



COMMUNICATION          

 
 
 
 

COMMUNICATION 
 

 

 Uttam Kumar Das, Subrata Chakraborty, 

Yael Diskin-Posner, and David Milstein* 

Page No. – Page No. 

Direct Conversion of Alcohols to 
Alkenes by Dehydrogenative Coupling 
with Hydrazine/Hydrazone Catalyzed 
by Manganese 

 
 

 

 
Unprecedented methodologies for direct transformation of primary alcohols to alkenes by acceptorless dehydrogenative coupling of 
alcohols with hydrazine, and dehydrogenative coupling of alcohols with hydrazones to form mixed alkenes, are demonstrated. These 
reactions are catalyzed by a manganese pincer complex, in absence of added base, or hydrogen acceptor, liberating dihydrogen, 
dinitrogen and water as the only by-products. 
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