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We reeently described that triorganylboranes can be used
as organyl group transfer agents 1o the carbonyl compounds
by implementing an clectrochemical procedure that uses
copper as a sacrificial anode.' Secondary and tertiary alco-
hols arc readily obtained in good yiclds by performing the
clectrochemical reaction in an undivided cell with a plati-
num clectrode and a copper sacrificial anode. This method-
ology has a great attention sinee of its enormous potential
synthetic ulility.” The reaction can offer the wide scopes for
the further application to various lunctional groups similar to
Grignard reagents derived from alkyl halides.” Therelore, we
now report the epoxide ring opening reaction by the electro-
chemical organyl transler of triorganylboranes at constant
negative reduction potential (-2.6 V--3.0 V) in an undivided
clectrolytic cell using a sacrificial metallic anode. Espe-
cially, of particular interest is the regiosclectivity for the
epoxide ring opening reaction by clectrochemical tool. In
addition, these clectrochemical epoxide ring opening reac-
tions were compared with those of corresponding Grignard
reactions.

For most purposcs, triorganylborancs, such as tributylbo-
ranc and tei-sec-butylborane, adapted in this experiment
would be derived rom hydroboration of alkenes.* however
triphenylborane could not be prepared by hydroboration in
this case Grignard reagent would be utilized.”

First ol all. a varicty of degassed solvents, such as DMF
(entry 5). TIIF {cntry 6). Py (entry 7). and acctonitrile (AN)
(entry 8). sacrilicial anodes, such as Cu (entry 5). Mg (entry
9). Al (entry 10). Zn (entey 11). and Fe (entry 12). and clee-
trolytes. such as ftetrabutylammonium tetrafluoroborate
(BuyNBFy) (entry  5). tetrabutylammonium  perchlorate
(BuNCIQ,) (entry 13). tetrabutylammonium hexalluoro-
phosphate (BuyNPF;) (entry 14), tetrabutylammonium chlo-
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ride (BwNCI) {entry 15). tetrabutylammonium bromide
(BwNBr) (entry 16). tetrabutylammonium iodide (BwNI)
(entry 17), and lithium bromide (LiBr) (entry 18) with tri-
sec-butylborane and styrene oxide were examined to find the
combination which afforded the best yicld. As a result, it
revealed DMF as a solvent, Cu sacrificial anode and
BwNDBFy as a supporting clectrolyte gave the best yield to
the corresponding aleohol (entey 5).

Additionally, we found that the reaction time decreased
with increasing (heir stainless steel cathode surface arca
from4 hat I em?® {entry 19) 1o 1.5 h at 4 em? (entry 5) with
increasing of yield from 74% to 89%. and by addition of
bases, such as potassium ferf-butoxide (entey 5). sodium
cthoxide (cntry 20), sodium hydroxide (entry 21). and
sodium  2,6-di-tert-butyl-4-methylphenoxide  (entry  22),
especially among them, by addition of potassium ferf-butox-
ide the efficiency significantly cnhanced, resulting in the
reduction of reaction potential from -3.2 V (o -2.6 V. More-
over, it revealed that yiclds of cleetrochemical epoxide ring
opening reactions were markedly influenced by addition of
Lewis acid. such as BF: - etherate. and the clectrochemical
rcaction of 2b by 1b in the presence of BF: - ctherate
alforded the exclusively corresponding less substituted alco-
hol in 89% wvicld (entry 5) whercas in absence of
BF; - ctherate gave in 57% yield (entey 23) under same cir-
cumstance. We also [ound that there was no significant dif-
ference in yield between Pt and stainless steel cathode in the
clectrochemical cpoxide ring opening reaction with 1b,
however. it should be noticed that the regioselectivity signil-
icantly depends upon the choice of cathode; Stainless steel
furnished the exclusive product 3 with extremely high regi-
osclectivity (entry 5). whereas Pt gave two products., 3 and 4,
with somewhat low regioselectivity (entry 24) which was,
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howeyer. still better than the corresponding products by the
Grignard rcaction. Therefore. from above resulis. we
adapted the stainless steel (2 x 2 em®. cathode). Cu (anode).
DMF (solvent). BuyNBF; (clectrolyte). KOC(CH3)s. and
BF; - ctherate as our standard condition (Scheme 1).

As would be anticipated for S\2 process. the electrochem-
ical cpoxide ring opening occurred at the less substituted
position as shown in Table 1. The clectrochemical epoxide
ring opcning reaction by a primary trialkylboranc. such as
Ta. with 2a gavc a corresponding alcohol. the mixture of
morc highly substituted alcohol 3 and less highly substituted
alcohol 4. with the ratio of 83 : 15 in 72% chemical vield
(entry 1). When 2b was submitied Lo the electrochemical
cpoxide ring opcning reaciion by la. the similar vicld was
obtaincd. howeyer. it showed the surprising regioselectivity
by attack exclusively at the less substituied carbon (entry 2).
Its regiosclectivity was so remarkable compared to that of

Table 1. Llectrochemical epexide ring opening reaction by triorgany [boranes
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the Grignard reaction derived from the reaction of 2b with
alkylmagnesium bromide (74 : 26). And 2¢ alforded the cor-
responding alcohol in moderate vield (63%) (entry 3). In the
casc of trcatment of 2a with sccondary trialkylboranc. such
as 1b. the clectrochemical epoxide ring opening rcaction
afforded the mixture of 3 and 4 in 84% chemical yvicld with
the 87: 13 ratio of regiosclectivity (entry 4). And 2b by
treating with 1b clectrochemically was also converted into
the corresponding sole product 3 in 89% chemical vicld with
100 : 0 ratio (3 : 4) of regiosclectivity {entry 5). And when
2¢ was cmploved in the clectrochemical reaction with 1b. it
showed the moderate vield (37%) (entry 23). which was
similar 1o that of clectrochemical reaction with la. [n the
casc of triaryvlboranc. l¢. required more negative reduction
potential (-3.0 V) than trialkylborangs (-2.6 V). 2a [urnished
the corresponding alcohols in 74% yicld with 91 : 9 ratio of
regiosclectivity (entry 26) while the Grignard reaction utiliz-

abi.de

o Product Product Ratio (3 : 4)
Fatry 1 2 Reaction condition’ Reaction Yield (%0) Flectrochemical — Grignard Reaction
I'ime (h) ) ehe
(3+4 Reaction (vield, %)

1 la 2a Cu, DML, BuNDBL, 1.3 72 85:15 65 35(70F
2 Ia 2b Cu, DMF, Bu/NBF, 2 73 1000 76 : 24 (63
3 Ia 2¢ Cu, DMF, Bu/NBF, | 73 - -(63Y

4 1b 2a Cu, DMF, Bu/NBF, 1.5 84 87: 13 69 : 21 (6d)"
3 1b 2b Cu, DMF, Bu/NBF, 1.5 80 100 : 0 77:23(76Y
6 1 2b Cu, THF, Bu/NBF, 6.3 49 1000

7 1 2b Cu, Py, BiuNBF, 12 trace -

8 1b 2b Cu, AN, BuNBI', 1.5 23 1000

9 1b 2b Mg. DML, Bu,NBI', l 87 1000

10 1b 2b Al, DML, BuyNBI', 2.5 76 1000

11 1b 2b Zn, DML', BuyNBI', 2.5 68 1000

12 1b 2b I'e, DML, BuyNBI", 2.5 51 1000

13 1b 2b Cu, DML, BuNCI1O, 2 80 86: 14

14 1h 2b Cu, DMF, Bu/NPF; 2 83 87:13

15 b 2b Cu, DMF, Bu/NCl 2 74 81:19

16 1h 2b Cu, DMF, Bu/NBr 23 70 77:23

17 1 2h Cu, DMF, BuNIT 1.3 3 83:13

18 1h 2b Cu, DMF, LiBr 1.5 71 87:13

19 1h 2b Cu, DMF, BuNBF* 4 74 100 : 0
20 1b 2b Cu, DML, BuNBL " 2 81 1000
21 1b 2b Cu, DML, BuNBL' 3 88 1000
22 1b 2b Cu, DML, BuNBL 1 82 1000
23 1b 2b Cu, DML, BuNBF * 4 57 1000
24 1b 2b Cu, DML, BuNBE, S 82 91:9
25 b 2¢ Cu, DML, BWNBF, 1 57 - -(63Y
26 1c 2a Cu, DMF, BuNBF, 2 74 91:9 73 :25(66Y
27 1c 2b Cu, DMF, Bu,NBF, 2 32 1000 79:21(39y
28 1c 2¢ Cu, DMF, Bu,NBF, 1.5 70 - -(72y
29 1d 2a Cu, DMF, Bu,NBF, 2 87 92:8 66 : 34 (69Y
30 1d 2b Cu, DMF, Bu,NBF, 1.5 72 1000 703071y
31 1d 2c Cu, DMF, BuNBF, 2 71 - -(81Y

“The electrochemical reactions were carried out at -2.6 V vs. Ag AgCl in an undivided cell at room temperature. “Combination of 1 equiv of
tnorganyviborane and 1 equiv of cpoxide. “Solvent (mixture of 10 ml. of DMF and 1 ml. of TITF). tnorganvlborane (1 mmaol). epoxide {1 mmal ),
clectrolvte (1 mmol), KOC(CHan (1 mmol). BF; - etherate (1 mmol), stanless steel cathode (2 x 2 em?) and sacrificial anade (2 X 2 em?). “Chemical
vields were estimalted by (GC. *3 and 4 refer (o product as shown Scheme 1 respectively. 'Sacrificial anade. solvent and electrolvie coditions. “Stainless
steel (1 x 1 ¢m”) being used instead ol stainless steel (2 x 2 em”). “Sodium ethoxide being used instead ol patassium tert-butaxide. ‘Sodium hvdroxide
being used instead of potassium esr-butoxide. “Sodium 2.6-di-ere-butvl-d-methviphenaxide being used instead of potassium tere-butoxide. *The
reaction was carried out in the absence of BTy - ctherate. Platinum (2 X 2 em?) being used instead of stainless steel (2 X 2 em®).
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ing phenylmagnesium bromide afforded the same products
in 66% vicld with 75 : 23 ratio (3 : 4) of regiosclectivity. As
the pattern of the clectrochemical reaction with trialkylbo-
ranc in regiosclectivity. 2b by treating with 1¢ also gave
exclusively the corresponding alcohol 3 in 32% vield regi-
osclectively (100 : 0) (entry 27) while the Grignard reaction
gave the two products in 39% vicld with 79 : 21 ratio (3 : 4)
of regiosclectivity. The regiosclectivitics of the ¢lectrochem-
ical ring opening reactions of 2b (cntry 30) and 2a (entry 29)
with 1d were also similar 1o those with 1¢ except a subtle
cnhancement of the chemical vields. And the clectrochemi-
cal cpoxide ring opening reaction of 2¢ achieved in 74%
vicld to the corresponding alcohol (entry 28, 31).

Overall. the clectrochemical epoxide ring opening reaction
in the scope of regiosclectivily was significantly aflecled by
the structure of epoxide irrespective of the feature of triorga-
ny lboranc. cspecially the regiosclectivity of aromatic cpoxide
1s extraordinary. Interestingly. the very similar rcaction pal-
tern was also found in our carlicr report for the clectrochem-
ical cpoxide ring opening rcaction by alky] halides using
copper sacrificial anodc. in which 2a aflorded the exclusive
corrcsponding alcohol m good vields with 100: 0 ratio
(3 : 4) of regiosclectivity.”

So [ar. we have not carricd out the systematic study (o clu-
cidate the rcaction mechanism (o explain these remarkable
regiosclectivitics by an attack at the less substituled carbon
of epoxides in the presence of BF; - ctherate in the clectro-
chemical cpoxide ting opening reaction. which are contrast
to the common knowledge for the cpoxide ring opening
reactions in (he presence of BFs - ctherate.” Obviously. any-
way. the clectrochemical cpoxide ring opening rcaction
would give the facile and usciul methodology for the highly
regiosclective synthesis,

The following procedure [or preparation of 3-mcthyl-1-
phenylpentanol represents the clectrochemical rcactions,
The clectrochemical reactions were carried out with Elec-
trolysis Model C-600 ccll. EG & G PARC modcl 173 and
BAS 1003 polentiostat. 2b (0.120 g. 1 mmol). BF; - ctherate
(0.142 g. 1 mmol). 10 mL of DMF and Bu;NBF; (0.329 g, |
mmol) placed m an usual undivided ccll cquipped with
stainless stecl (2 x 2 cm) as a working clectrode and copper
platc (2 x 2 em-) as a sacrificial anode. and magnetic stirrer
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unit. Then the mixture of 1b (1 mL of 1 M solution in THF.
1 mmol) and potassium ferf-butoxide (0.112 g. 1 mmol) was
introduced into the reaction mixture for (.5 h. The solution
was electrolyzed at -2.6 V vs. Ag/AgaCl reference clectrode
of a cathode potential at room temperature under nitrogen
atmosphere. The reaction mixture was withdrawn by hypo-
dermic syringe at appropriate interval. quenched with 3 mL
of aqueous 2 N-HCI solution. The mixture was diluted with
3 mL of dicthyl ether. and saturated with NaCl. Upon addi-
tion of n-tctradecane as an internal standard. the organic
layer was analvzed with GC using a Chromosorb-WHP
(10% SE-30) column. which indicated lormation of 3-
methy1-1-phenylpentanol in 89% vicld in 1.5 h.

Acknowledgment.  This work was gratcfully supported
by Hanyang University Rescarch Foundation and partially
supportcd Tacgu University.

References

1. (a) Choi, J. 1L Youm, J. 8.. Cho, C.. Czae, M. | lwang, B.
K.: Kim, J. 8. Zerrahedron Lerr. 1998, 39, 4835, (b) Choi,
J 1L Youm, [, S.: Cho, C.o Czae, M. L hwang, B. K.: Kim,
1S, Bull. Korean Chem. Soc. 1998, 19, 803,

2. Choi, ). IL: Youm, I. S.: Cho, C.: Czae, M. Hwang, B. K.

Kim, J. S. Chemrech (March, 1999, p. 4) as | leart cut,

(1) Reetz, M. T. Organomerallic in Synrhesis. Schlosser,

M., Tid.: Wiley: Chichester, 1994, (b) Wakehicld, B. I

Organomagnesium Aethods in Ovganic Syathesis: Aca-

denuie Press: London, 1995,

4. () Brown, H. C. Boranes in Organic Chemistr:. Cornell
University Press: Tthaca. New York, 1972, (b) Brown. H.
C. Organic Syntheses via Boranes. Wiley Inc.. New York.
1975, (¢) Brown, 11 C. Hvdroboration:. Benjamin/Cum-
mings: Readyv, Massachusetts, 1980. (d) Smith, K. Borane
Reagents. Academic Press: London, 1988,

3. Reetz, M. 1. Organometallic im Synthesis: Schlosser. M.
Ed.: Wileyv: Chichester, 1994 p 468,

6. Chor J H.o Kim, I. 8.2 Youm. I. S Hwang, 3. K. Hong,
T K. Song, C F. Bufl. Korean Chem. Soc. 1997, {8, 133.

7. We camied out Grignard reaction separately to compare
the regioselectivities and chemical yields.

& Brown, H C.: Yoon, N. M. .J. . S Chem. Commum.
1968. 1549,

‘v




