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Abstract: The hydroboration oxidation of high molecular weight α-olefins (C18-C30+) with sodium malonyloxyborohydride (SMB) to
generate the corresponding primary alcohols is described. α-Olefins undergo hydroboration upon treatment with sodium borohydride
(NaBH4) and malonic acid, methyl malonic acid, dimethyl malonic acid or ethyl malonic acid, and a straightforward oxidation of
these alkyl boranes yields the anti-Markovnikov primary alcohols. Following recrystallization in n-hexane, n-octane, n-decane or n-
dodecane, the target alcohols were isolated in high purity (>99%). The use of SMB and its derivatives will allow synthesis of larger
(C18-C30+) primary alcohols on an industrial scale without the costs and hazards of current methods.
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INTRODUCTION

High  molecular-weight  primary  alcohols  are  commonly  used  as  additives  to  adhesives,  paints,  ink  toners  and
personal care products [1 - 5]. These industrially important compounds also serve as precursors to esters and acids [3 -
5]. Recently, C24-30 alcohols have been used in pharmaceutical compositions, foodstuffs and dietary supplements and
may be effective at reducing cholesterol and consequently the risk of heart disease [6]. The synthesis of these linear
aliphatic primary alcohols by modification of Fischer-Tropsch catalysis has been carried out on an industrial scale since
the  1920s  [7].  Large-scale  commercial  production  since  the  mid  1970s  has  been  based  on  the  polymerization  of
ethylene  followed  by  in  situ  oxidation  to  the  alcohol  [8].  While  effective  in  giving  a  narrow  molecular  weight
distribution of the desired alcohols, the use of ethylene gas along with a pyrophoric catalyst (such as a Ziegler-Natta
catalyst  and  an  alkylaluminum  co-catalyst)  presents  hazards  for  industrial  scale  production.  During  the  past  two
decades, numerous approaches to the synthesis of higher molecular weight linear primary alcohols have been published.
Hydroborations  employing  borane-THF  or  borane-DMS  [9,  10],  chloroborane  adducts  [11]  and  transition  metal
catalyzed hydroboration reagents [12] have generated significant interest in the field.  Unfortunately,  many of these
reactions require reagents that are not commercially available or are not economically viable to use on industrial-scale
levels. While Souto et al. have developed a flow method for the hydroboration/oxidation of olefins, their method has
only been applied to β-pinene, 1-hexene and 1-octene [10]. Clay and Vedejs have shown that pyridine borane activated
by  iodine  in  dichloromethane  can  be  used  to  hydroborate  1-dodecene  with  high  yield  at  room  temperature  [13].
However, pyridine borane is both toxic and water-reactive, limiting its use on an industrial scale. Other synthetic routes
require  expensive catalysts [14] and/or have  toxic  side  products [15]. For  example, Dong et al. have  demonstrated
that primary  alcohols  can  be  prepared  from terminal  olefins  using a  palladium-catalyzed  oxidation,  acid-catalyzed
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hydrolysis  and  ruthenium  catalyzed  reduction  cycles  [16].  In  comparison  to  more  classic  hydroboration/oxidation
schemes,  this  triple relay catalysis  approach requires high catalyst  loadings,  and while promising,  has not  yet  been
demonstrated for the synthesis of high molecular weight primary alcohols.

Huang et al. reported on the efficacy of sodium malonyloxyborohydride (SMB) - a mono-functional hydroboration
agent - in converting α-olefins (up to C8) to primary alcohols [9]. SMB was found to be an effective reagent for the one-
pot hydroboration-oxidation of alkenes including 1-heptene and 1-octene. While the synthesis must be carried out in an
air-free  environment  (SMB  is  sensitive  to  oxygen),  Huang  et  al.  were  able  to  use  relatively  mild  conditions
(temperatures  <60  °C)  to  convert  low-molecular  weight  α-olefins  (1-heptene  and  1-octene)  in  high  yield  and  with
proper regioselectivity to the corresponding alcohols [9]. Despite the efforts described above, there remains a need for
the hydroboration-oxidation of higher molecular weight alkenes including C18-30 and higher α-olefins that is efficient,
which can be carried out on an industrial scale avoiding the use of hazardous reactants and the production of toxic side
products.

In  this  work,  we  report,  for  the  first  time,  the  use  of  sodium  borohydride  (NaBH4)  and  several  malonic  acid
derivatives to produce SMB and its corresponding use in the hydroboration of higher molecular weight α-olefins (C18-
C30+). Following hydroboration, treatment with NaOH and H2O2 in the same reaction vessel results in formation of the
corresponding primary alcohols. The one-pot synthesis proceeds rapidly and efficiently under mild reaction conditions
(Scheme 1). This novel method for the regioselective synthesis of high molecular weight primary alcohols in high yield
and purity will lead to reduced costs and improved safety in industrial-scale synthesis. Moreover, this method yields a
single primary alcohol, as opposed to current industrial-scale processes based on ethylene polymerization followed by
high temperature oxidation that result in a Gaussian distribution of products [17].

Scheme 1. Hydroboration-oxidation with SMB. R1=H, Me or Et. R2 = H, Me or Et. R3= C18, C24, C26, C28 or C30.

With the  goal  of  developing a  procedure  for  the  hydroboration-oxidation of  high molecular  weight  α-olefins,  a
protocol for SMB hydroboration was optimized for C18-C30+ substrates.

Representative Procedure for the Hydroboration and Oxidation of α-olefins.

A mixture of NaBH4 (2.53 g, 66.1 mmol) and C18H36 (17.03 g, 71.0 mmol) were dissolved in diglyme (66 mL) under
N2 and heated to 60 °C. A solution of malonic acid (6.87 g, 66.1 mmol) in diglyme (34 mL) was slowly added to the
mixture dropwise by cannula over one hour, and the mixture was then heated to reflux for 1 hour. The reaction was
cooled to 60 °C, and a solution of 3 M NaOH (40 mL) was carefully added followed by a solution of 30% H2O2 (10
mL). The reaction mixture was heated to 80 °C for 2 h and immediately acidified by the dropwise addition of 3 M HCl
until  the  pH  was  3.  Upon  cooling  to  room  temperature,  the  solid  product  was  collected  by  vacuum  filtration.
Recrystallization from n-hexane gave octadecan-1-ol (14.7 g, 77%) as a flaky white solid; 1H NMR (400 MHz, CDCl3)
δ 3.63 (t, J=6.4 Hz, 2 H), 1.54 (bs, 2 H), 1.25 (bs, 30 H), 0.87 (t, J = 6.9 Hz, 3 H). The product identity was further
confirmed via analysis of the hydroboration-oxidation reaction products using High Temperature Simulated Distillation
Gas  Chromatography  (Hi-Temp  SimDis  GC)  [18].  A  standard  mixture  composed  of  1-octadecene  (Aldrich)  and
octadecan-1-ol  (Aldrich)  allowed  for  peak  identification  in  the  chromatograms  of  the  α-olefin  starting  material
(1-octadecene) and the hydroboration oxidation product octadecan-1-ol. By integrating the peak area corresponding to
the α-olefin starting material octadec-1-ene- and the peak area corresponding to the octadecan-1-ol produced in the
hydroboration-oxidation  reaction,  we  confirmed  the  77%  conversion  of  the  starting  α-olefin  to  the  corresponding
primary alcohol.
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RESULTS AND DISCUSSION

Under  optimized  reaction  conditions,  the  hydroboration-oxidation  of  α-olefins  can  be  accomplished  with  high
efficiency by in situ formation of SMB (or a derivative of SMB) in the presence of a high molecular weight α-olefin.
The general procedure for the hydroboration-oxidation reaction involves the combination, under nitrogen, of the α-
olefin and NaBH4 in either THF or diglyme. Relatively concentrated solutions (up to 1 M) can be employed, reducing
the volume of solvent required for the process. After heating the α-olefin to approximately 60 °C, the malonic acid in
THF or diglyme was transferred dropwise by cannula over 60-90 minutes to the α-olefin/NaBH4 solution. Slow addition
of the malonic acid improved the efficiency of α-olefin-to-alcohol conversion. Upon completion of the transfer, the
reaction mixture was equipped with a condenser and heated to 160 °C for 1-20 hours. Next, the solution was allowed to
cool to 70-80 °C at which time 3 M NaOH was added in order to hydrolyze the alkylborate salt. Addition of NaOH
continued  until  the  pH  was  basic  as  indicated  by  litmus  paper.  Oxidation  to  the  corresponding  alcohol  was
accomplished by the addition of H2O2 (30%) to the warm mixture. The solution was then stirred at 70-80 °C for an
additional two hours. The final reaction mixture was acidified by adding 3 M HCl until the pH was acidic as indicated
by  litmus  paper.  The  solution  was  then  washed  with  water.  GC  and  NMR  analysis  were  carried  out  on  the  crude
product, which was then purified by recrystallization in an n-alkane solvent.

In order to optimize the reaction process, the effects of the mole ratio of α-olefin to SMB were explored (Table 1).

Table 1. Effect of the ratio of α-olefin to SMB on isolated yield.

Entrya α-olefin α-olefin: SMB mole ratiob Yield (%)
1 C26-28 1:3 40
2 C18 1:3 43
3 C26-28 1:2 45
4 C26-28 2:1 46
5 C18 1:2 47
6 C26-28 3:1 48
7 C18 2:1 52
8 C18 3:1 57
9 C18 1:1 70
10 C26-28 1:1 71

aAll compounds have been characterized by GC and 1H NMR. bAll reactions carried out under N2 using THF. Cannula additions were carried out
dropwise over the course of 45-60 minutes. Following the cannula transfer, the reaction mixture was heated to 160 °C for 5 hours.

Initial  attempts  focused  on  utilization  of  the  α  olefin  as  the  limiting  reagent  (Table  1),  entries  1,  2,  3  and  5).
However, under these conditions, typical yields were only in the 40-50% range. Notably, employing a large excess of α
olefin relative to SMB also led to low conversions (Table (1) entries 4, 6, 7, and 8). In practice, a 1:1 mol equivalent of
α-olefin:SMB proved to be the most efficient (Table (1), entries 9 and 10) with respect to the yield of the corresponding
primary alcohol.

While Huang et al. employed longer reaction times (5-36 hours) for the hydroboration of smaller (C6-C8) α-olefins
[9], we have found that reactions in diglyme proceed to completion within 1.5 hours (Table 2).

Table 2. Effect of reaction time on α-olefin conversion (%).

Entrya α-olefin Reaction time (h) α-olefin conversion (%)b

1 C18 19 59
2 C18 5 70
3 C18 1 76.5
4 C26-28 22 59
5 C26-28 5 62
6 C26-28 1 67
7 C30+ 19 60b

8 C30+ 1.5 67b

aAll reactions were carried out under N2 using diglyme as the solvent. The α-olefin:SMB ratio was 1:1 for all entries. Other conditions are identical to
Table 1. b% conversion is approximate.
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As illustrated in Table 2,  the reaction proceeded smoothly for all  of the α-olefin substrates (C18,  C26-28  and C30+)
tested. It is important to note that the α-olefin starting materials (Chevron Phillips) for entries 4-8 (Table 2) are mixtures
of α-olefins,  vinylidenes and other hydrocarbons.  In fact  the C30+  reagent only contains 55% n-α-olefin (carbon no.
24-30+) while the C26-28 contains upwards of 86% n-α-olefin by weight. Nonetheless, reaction conditions consistently
resulted in the conversion of 60-70% of the available α-olefin to the desired primary alcohol. Following separation of
the unreacted alkene from the primary alcohols by recrystallization, the product purity ranged from 96-99% primary
alcohol. Product purity was determined by Hi-Temp SimDis GC, comparing the retention time of the product to that of
a known standard. NMR and melting point data supported the GC data. For example, 1-hexacosanol gave 1H NMR (400
MHz, CDCl3) δ 3.63 (t, J=6.4 Hz, 2 H), 1.54 (bs, 2 H), 1.25 (bs, 46 H), 0.87 (t, J = 6.9 Hz, 3 H) and a m.p. of 79-81˚C.
The relatively short reaction times demonstrated here compared to earlier work on smaller α-olefins [9] suggests that
the work discussed here will lead to a substantial reduction in costs associated with the industrial scale synthesis of high
molecular weight primary alcohols.

While the C30+  α-olefin feedstock from Chevron Phillips contains a wide range of α-olefins, internal olefins and
branched  olefins  ranging  from C20-C36  and  higher,  we  found  that  the  SMB-based  hydroboration-oxidation  reaction
proceeded  smoothly  even  with  such  a  complex  starting  material.  This  result  is  indicative  of  the  robustness  of  the
procedure. Products formed by the SMB-based hydroboration oxidation reaction of the C30+ α-olefin feedstock were also
analyzed using Hi-Temp SimDis GC [18]. A boiling point calibration standard (Agilent) in concert with C20, C24, C26, C28

and C30 alcohol standards (Aldrich) allowed for peak identification in the chromatograms of the C30+ α-olefin starting
material and the hydroboration oxidation products. By integrating the peak areas corresponding to the C30+  α-olefin
starting  material  and  the  peak  areas  corresponding  to  the  corresponding  alcohols  produced  in  the  hydroboration-
oxidation  reaction,  we  estimate  that  >70% of  the  available  α-olefins  were  converted  to  the  corresponding  primary
alcohols. 1H NMR data support the GC results [17].

As a final step in the optimization of the reaction conditions, the effect of substituted malonic acids on the yield and
final product purity of the SMB-based hydroboration-oxidation were explored. 1-octadecene was employed as a model
substrate since it is readily available in high purity (Chevron Phillips). Three different malonic acids (dimethylmalonic
acid, methylmalonic acid and ethylmalonic acid), all commercially available (Aldrich) were examined. Employing any
substituted malonic acid may have led to a small increase in purity of the final product as determined by GC (Table 3)
and confirmed by 1H NMR. Finally, recrystallization (1x) in a variety of hydrocarbon solvents (n-hexane, n-octane, n-
decane  and  n-dodecane)  allowed  for  the  separation  of  the  target  alcohol  from  the  remaining  starting  material.
Preliminary  data  suggests  a  slight  improvement  in  overall  yield  when  the  larger  n-alkanes  are  used  in  the
recrystallization  procedure,  although  product  purity  remains  equally  high  in  all  of  the  solvents  tested.

Table 3. Efficiency of malonic acid derivatives.

Entrya Malonic acid derivative α-olefin conversion (%) ROH purity (%)b

1 Malonic acid 76.5 97.1
2 Methylmalonic acid 76.3 99.9
3 Dimethylmalonic acid 75.5 99.9
4 Ethylmalonic acid 83.8 99.9

aAll conditions are identical to Table 2. bFollowing recrystallization in n-hexane, n-heptane, n-octane, n-decane or n-dodecane.

CONCLUSION

In summary, we have reported a relatively inexpensive, safe and effective means of hydroborating high molecular
weight  α-olefins.  Oxidation  with  H2O2  produced  the  corresponding  primary  alcohols  in  high  yield  and  purity.  The
efficacy of SMB and derivatives of SMB with respect to the hydroboration of high molecular weight α-olefins has been
demonstrated.  Easy  purification  and  rapid  characterization  by  Hi-Temp  SimDis  GC  will  likely  make  the  method
reported in this work valuable in the large-scale synthesis of high molecular weight primary alcohols.
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