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Abstract 

a-Chlorobenzylmagnesium chloride or a-chlorobenzyllithium genera_ted from a, a-dichloroarylmethane and magnesium m" lithium, 
reacts in sire with trialkylboranes in THF at room temperature to produce the conespoeding alkylarylcarbinols in good yields after 
oxidation with sodium perborate. 
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1. lntreduction 

The alkylation of carbonyl compounds by 
organometallic reagents is one of the most useful reac- 
tions in synthetic organic chemistry [1]. However, ui- 
alkylboranes, generally do not alkylate carbunyl com- 
pounds, although a few exceptions are known [2]. Hence, 
indirect routes which are equivalent to the 1,2-addition 
of a trialkylborane to a carbonyl group have been 
developed. For example, Knochel and coworkers re- 
ported that trialkylboranes could fn'st be converted to 
dialkylzinc reagents via a boron-zinc mmsmetallatiou 
and then the dialkylzinc reagents reacted with carbonyl 
compounds to generate the 1,2-addition products [3]. 
We reported that aryl aldehyde tosylhydrazones reacted 
with trialkylboranes under basic conditions to generate 
new trialkylboranes that could be oxidized to produce 
alkylarylcarbinols [4]. 

Carbonyl compounds are readily transformed into 
geminal dichloro compounds by reaction with phuspho- 
ms pentachloride or thionyl chloride [5]. In addition, 
a-chloro anions are important reaction intermediates 
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that can be prepared from geminal dihalocompounds 
and alkyllithium reagents via a halogen-fithium inter- 
conversion. Brown et ai. [6] and Sadhu and Matteson [7] 
each reported that a-chlommethylfithium can be gener- 
ated in situ from chloroiodomethane and n-butyllithium 
via an iodine-lithium interconversion and reacted with 
boron substrates at - 7 8  °C to give homo~t_.ed prod- 
ucts. Recently, we reported that wchlomatylmethyl- 
lithium could be generated in situ from a,a-dichlme- 
arylmethane and t-butynithium at - 7 8  °C via a chlo- 
rine-lithium exchange; the a-chloro anion was then 
trapped by trialkylboranes to afford alkylarylcarbinols 
after oxidation [8]. 

We now wish to report a more convenient and 
efficient reaction of a-chloro anions, generated in situ 
from a,a-dichlomarylmethanes and magnesium (or 
lithium), at room temperature with uialkylboranes, The 
new reaction is equivalent to the 1,2-addition of Iri- 
alkylboranes to c ~ y l  compounds and is an alterna- 
tive to the alkylalion of carbunyl compounds with 
organomagnesium or organofithium reagents. 

a-Haloorganomagnesium compounds have previ- 
ously been postulated as intermediates in carbonyl addi- 
tion and trimethylsilylation reactions, but low yields of 
desired products were obtained [9-11]. It is thus inter- 
esting to note that the reaction of dichlomaryimethane 
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with magnesium in the presence of trialkyiboranes af- 
fords a/kylarylcarbinols in high yields after oxidation. 

2. Results and discussion 
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AtCHCI 2 + R3B 1. Mg or Li > ArCHR 
2 . [ O ]  

1 2 

Scheme I. 

The reaction procedure is straightforward: a mixture 
of dichioroaryimethane, trialkyiborane and magnesium 
(or lithium) in dry TI-IF is stirred at room temperature 
under an argon atmosphere. (The reaction rate can he 
enhanced by the addition of a small crystal of iodine.) 
The reaction mixture is stirred at room temperature until 
the disappearance of most of the metal. The mixture is 
then oxidized with sodium pet-borate [12] to give alky- 
larylcarbinois as shown in Scheme 1. 

~ l e  reactions of various a,a-dichloroaryimethanes 
.~th trialkylboranes in the presence of magnesium or 
lithium have been examined and the results are summa- 
rized in Table 1. The reactions presumably occur via the 
formation of a-chlorohenzylmagnesium chloride, or a-  
chlorobenzyllithium; n the a-chioroanion then reacts 
with trialkylborane to form a borate complex that pro- 
duces a new trialkyiborane via a 1,2-migration process 
as outlined in Scheme 2. The reaction mechanism is 
reminiscent of the Matteson alkylation reaction involv- 
ing a-haloboronates [14,15]. 

As noted in Table 1, the magnesium reactions are 
generally slower than the reactions using lithium. How- 
ever, the yields of the reactions using magnesium are 
generally better than that of the corresponding reactions 
using fithium. This might be due to ti~e slower forma- 
tion and higher stability of o~-chloroarylmethyl- 
magnesium chloride compared with the corresponding 
lithium reagent. It is surprising that no reaction occurs 
even when the mixture is stirred at room temperature 
for 48h in the case of p-CH3OC6H4CHCiz; the reac- 
tion must be heated under reflux for 10h (Table 1, entry 
13). Side reactions include dimerizations caused by S N 2 
reactions of the anion intermediates [9,10] and protonoi- 
ysis [4] of the newly formed trialkylborane; protonation 
products are detectable in all experiments using either 
the perborate or the standard hydrogen peroxide proce- 
dure. However, the modified hydrogen peroxide proce- 
dure which was developed by Brown and Jayaraman 
[13] can be used to increase the yield of the desired 
alcohols in difficult cases (Table 1, entries 18 and 20). 

n-B u t y l d i i s o p r o p o x y b o r a n e  and n - o c t y l -  
catecbolborane were also utilized in this reaction. The 
results are shown in Table 2, the modest yields of 
alkylarylcarbinois might he due to the decreased elec- 
trophilicity of boronic esters when compared with tri- 
alkylboranes; hence, the 'self-consumption' side reac- 
tion of a-cifloro anion becomes more serious [9,10]. 

3. Conclusion 

The reaction described in this paper provides a use- 
ful, one-pot synthesis of alkyaryicarbinols and is the 
first high yield trapping reaction of an ot-chloro Grig- 
nard reagent or an a-chlorofithium reagent prepared 
directly from geminal dihalo compounds with magne- 
sium or lithium. 

C E x p e H m ~  

All reagents and solvents were transferred using 
technique:; designed to eliminate contact with air. All 
glassware and syringes were oven-dried for 24 h prior to 
use. THF was distilled from sodium benzopbenone ketyi. 
The aryl aldehydes, n-butyldiisopropoxyborane, bo- 
rane-THF complex (1.0 M solution in TI-IF), catecbolb- 
orane, tributylborane (1.0 M solution in THF), magne- 
sium (turnings), and lithium shot ( - 4  + 16 mesh, dry) 
were purchased from Aldrich Chemical Company and 
used as received. Alkenes, Aldrich Chemical Company, 
were purified by distillation over calcium hydride. 
a ,  a-Dichlorotohiene, Aldrich Chemical Company, was 
dried and purified by distillation from phosphorus pen- 
toxide. Other a,a-dichloroarylmethanes were prepared 
from phosphorus pentachloride and the corresponding 
aryl aldehydes according to fiteramre procedures [5]. n H 
NMR and 13C NMR were obtained using a Bruker 
AC-250 (250 MHz) NMR spectrometer. 

'Ashby reported that the reaction of a,a-dichlomtoluone with 
magnesium in the presence of benzophenone produced uiphenylethy- 
lene in 44% yield. In addition, we found that the reaction of 
a,a-dichlofotoluenc with magnesium in the presence of cyclohexeae 
gave mainly sfilb~nc in 75% yield accompanied by the formarlou of 
the cyclopmpyl derivative in 3% yield based on the GC-MS analysis. 
These results s,appoN the suggestion that the reaction intermediate is 
the a-chlom ..,miou, and not the mylcarhene. See Ref. [9]. 

,,,~.~ ~ ~ H  
Scheme 2. 
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Table 1 
Alkylarylcarbinols ~pared 
Entry Product " Ar R M Time (h) l s o ~  yield (%) 
I 3e Pit n-Bu Mg 24 75 
2 3e Ph n-Bu Li 3.5 61 
3 3b Ph n-C6Hj3 Mg 21 82 
4 3lib l~t n-C~Hi3 Li 10 62 
5 3¢ Ph n-CTHIs Mg 20 80 
6 3c Ph n-CTHts Li 14 70 
7 3d Ph n-CsHl~ Mg 20 76 
8 3d Ph n-Call sT Li I 1 60 
9 3e p-CIC6H4 n-Bu Mg 24 61 
I 0 3e p .~ |C  6 H4 n-Bu Li 2 58 
I I 3t" p-CH3C6H 4 n-Bu Mg 26 65 
12 3f p-CH3C6H 4 n-Bu Li 6 64 
13 b 3g p..CH ~OC6 H 4 n-Bu Mg 10 67 
14 3g p-CH~OC6H 4 n-Bu Li 3.5 41 
15 3h m-CH3OC6H 4 n-Bu Mg 36 65 
16 31t m-CH ~OC 6 H 4 n-Bu Li 4 62 
17 3i a-naphthyl n-Bu Mg 50 38 (38) ¢ 
18 d 3i a-naphthyl n-Bu Mg 50 58 (I 1) c 
19 3i a-naphthyl n-Bu Li 6 0 (40) c 
20 d 3i ct-naphthyl n-Bu Li 5 15 (40) c 

a All reaction products exhibited physical and spectral characteristics in accord with literature values. 
b Experiment canied out at reflux in THF fro" IOh. 
c Yield in parentheses is the yield of I-pentylnaphthalene. 
d Oxidation is achieved using the modified hydrogen peroxide procedure [13]. 

4.1. l-Phenyl-l-octanoi (3c) 

The synthesis is representative: a mixture of a ,a -d i -  
chlorotolnene (2.5 nm~l ,  0.40g), tri-n-heptylborane 2 
(2.5mmol in THF), magnesium (2.8mmol, 0.067g), 
THF (10ml), and a small crystal of iodine were stirred 
under an argon atmosphere at room temperature fm 
20h. The reaction mixture was oxidized by adding 
NaBO3.4H20 (7.5mmoi, 1.2g) and water (2.5ml), 
stirring the reaction mixture at room temperature for 
2 h, and then heating to reflux for 30m in to ensure 
completion of the reaction. The mixture was extracted 
with ether (3 × 10ml), the solvent removed, and the 
product isolated by flash chromatography (elnent: hex- 
ane-ethyl acetate 9 /1  (v/v)) .  l-Phenyl-l-octanol (3c) 
[17] was obtained in 80% yield (0.41 g). A 70% yield 
(0.36g) was obtained when the reaction mixture was 
stirred at room temperature for 14h using lithium shot 
(Table 1, entry 6). tH NMR (CDCI3/TMS)" 8 7.30 (m, 
5H), 4.60 (t, IH, J - -6 .6 ) ,  2.21 (br s, IH), 1.80-1.61 
(m, 2H), 1.25 (br s, 10H), 0.87 (t, 3H, J = 7.0Hz); 13C 
NMR (CDCI3): ~ 144.9, 128.3, 127.3, 125.9, 74.6, 
39.0, 31.8, 29.4, 29.2, 25.8, 22.6, 14.0ppm. 

All other alkylarylcarbinols were prepared via the 
procedure outlined for 3c. Changes in reaction times 

2 Tri-n-heptylborane (2.5 nonol) was p~vated via the hydrobma- 
tion of I-heptene (7.5nunol) with borane-THF (2.5retool, 2.5ml of 
a I M solution in THF). See Ref. [16]. 

and yields ~re indicated in Table 1. The specw~ charac- 
teristics of these compounds are as folk~s.  

4.2. l-Phenyl-l-pemanol (3a) [8] 

tH NMR (CDCI3f I~S) :  8 7.29 (m, 51-1), 4.60 (t, 
I H ,  3---6.7), 2.19 (br s, 1H), 1.88-1.56 (m, 2H), 
1.45-1.12 (m, 4H), 0.87 (t, 3H, J =  7.0Hz); ~3C NMR 
(CDCI3): 8 144.9, 128.3, 127.4, 125.9, 74.6, 38.8, 27.9, 
22.6, 13.9ppm. Additional reactions were carried out 
utili~ng a,a-dichlorotolnene (2.5mmol, 0.40g) and 
n-butyldiisopmpoxyborane (2.5mmol, 0.47g) in TI-IF 
(10ml) in the presence of both Mg and Li. The reaction 
conditions and isolated yields are summarized in Table 
2. 

4.3. l-Phenyl-l-heptanol (3b) 118] 

~H NMR (CDCI3/TMS): 8 7.28 (m, 51-1), 4.56 (t, 
IH, J - -6 .6 ) ,  2.47 (br s, IH), 1.84-1.56 (m, 2H), 
1.4.9-1.14 (m, 8H), 0.86 (t, 3H, J = 6.8Hz); m3C NMR 
(CDCI3): 8 145.0, 128.2, 127.2, 125.8, 74.5, 39.0, 31.7, 
29.1, 25.7, 22.5, 14.0ppm. 

4.4. l-Phenyl-l-nonanol (3d) [19] 

'H  NMR (CDCI3/TMS): 8 7.28, (m, 51-1), 4.57 (t, 
IH, J = 6 . 6 ) ,  2.45 (br s, IH), 1.87-1.55 (m, 21-I), 
1.48-1.22 (m, 12H), 0.87 (t, IH, J = 6.8 Hz); ~3C NMR 
(CDCI3): 8 145.0, 128.2, 127.2, 125.8, 745,  39.0, 31.8, 
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Table 2 
Preparation of alkylarylcarbinols via the reaction of a,ot-dichlorotoluene with boronate esters in the presence of magnesium or lithium 
Entry Product a Boric ester Metal Conditions Isolated yield (%) 
! 3a n-BuB (OCH(CH3)2) 2 Mg rt, 57 h, THF 21 

2 3d n - - ( g ~ l - - B ~  Mg rt, 27 h, THF 42 

3 3a n-BuB (OCH(CH3)2): Li It, 4 h, THF 23 

a All reaction products exhibited physical and spectral characteristics in accord with literature values. 

29.5, 29.5, 29.2, 25.7, 22.6, 14.0ppm. a,a-Dichloro- 
toluene (2.5 mmoi, 0.40 g) was also reacted with n-oc- 
tyicatecholborane (2.5 mmol) prepared via a literature 
procedure [20]. Using magnesium, a 42% yield (0.23 g) 
of 3fl was obtained (Table 2, entry 2). 

4.5. 1-(p-Chlorophenyl )- l -pentanol ( 3e ) [21] 

~H NMR (CDCI3/TMS): 8 7.29 (d, 2H, J =  8.5), 
7.23 (d, 2H, J = 8.5), 4.58 (t, IH, J = 6.6), 2.41-2.10 
(br s, IH), 1.83-1.54 (m, 2H), 1.43-1.14 (m, 4H), 0.87 
(t, 3H, J = 6.gHz); L~C NMR (CDCI3): 8 143.3, 133.0, 
128.4, 127.2, 73.9, 38.8, 27.8, 22.5, 13.9ppm. 

4.6. l-(p-Methylphenyl)-l-pentanol (3f) [22] 

~H NMR (CDCI3): 6 7.20 (d, 2H, J = 8.1), 7.12 (d, 
2H, J = 8.1), 4.56 (t, IH, J = 6.7), 2.32 (s, 3H), 2.24 
(br s, IH), 1.85-1.57 (m, 2H), 1.42-1.23 (m, 4H), 0.86 
(t, 3H, J = 7.0Hz); 13C NMR (CDCI3): 8 141.8, 136.9, 
128.9, 125.8, 74.4, 38.6, 27.9, 22.5, 21.0, 13.9ppm. 

4.7. l-(p-Methoxylphenyl)-l-penmnol (38) [23] 

~H NMR (CDCI3/TMS): 8 7.24 (d, 2H, J =  8.6), 
6.86 (d, 2H, J = 8.6), 4.57 (t, I H, J = 6.7), 3.78 (s, 
3I-/), 2.23-2.04 (br s, IH), 1.88-1.56 (m, 2H), 1.48- 
1.13 (m, 4H), 0.87 it, 3H, J = 6 . 9 H z ) ;  13C NMR 
(CDCI3/TMS): 8 158.8, 137.1,127.0, 113.6, 74.1, 55.1, 
38.6, 28.0, 22.5, 13.9ppm. 

4.8. l-(m-Methoxylphenyl)-l-pentanol (3h) [24] 

IH NMR (CDCI3/TMS): 8 7.18 (t, IH, J - -8 .0 ) ,  
6.89-6.81 (m, 2H), 6.78-6.71 (m, lH), 4.50 (t, IH, 
J = 6.6), 3.72, (s, 3H), 3.00 (br s, lH), 1.80-1.53 (m, 
2H), !.41-1.12 (m, 4H), 0.86 (t, 3H, J =  6.gHz); ~3C 
NMR (CDCI3/TMS): 8159.4, 146.7, 129.1, l l8.1,  
!12.5, 111.2, 74.1, 54.8, 38.6, 27.8, 22.4, 13.Sppm. 

4.9. l -(  a-Naphthyl)-l-pentanol (3i) [21] 

~H NMR (CDCl3/TMS): 88.04-7.95 (m, IH), 
7.84-7.74 (m, IH), 7.69 (d, IH, J = 8.1), 7.52 (d, IH, 

J = 7.0), 7.48-7.31 (m, 3H), 5.29 (t, IH, J -- 6.3), 2.48 
(br s, IH),  1.93-1.68 (m, 2H), 1.50-1.16 (m, 4H), 0.84 
(t, 3H, J = 7.0Hz); 13C NMR (CDCI3/TMS): 8 140.6, 
133.7, 130.3, 128.8, 127.6, 125.8, 125.6, 125.3, 123.1, 
122.7, 71.0, 38.0, 28.3, 22.6, 14.0ppm. 

4.10. l-Pentylnaphthalene [25] 

JH NMR (CDCI3/TMS): 68.01 (d, IH, J = 7 . 6 ) ,  
7.84-7.74 (m, 1H), 7.65 (d, IH, J - -8 .0 ) ,  7.50-7.23 
(m, 4H), 3.02 (t, 2H, J =  7.8), 1.80-1.63 (m, 2H), 
1.46-1.27 (m, 4H), 0.89 (t, 3H, J = 7.0Hz); 13C NMR 
(CDCI3/TMS): 8 139.0, 133.9, 131.9, 128.7, 126.4, 
125.8, 125.6, 125.5, 125.3, 123.9, 33.1, 32.0, 30.5, 
22.6, 14.1 ppm. 
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