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t, J = 5 Hz, 8 H), 1.75-2.87 (m, 5 H), 3.00 (dd, J = 6, 1.5 Hz, 1
H), 5.65-6.65 (m, 2 H), 7.08-7.52 (m, 5 H).
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It has previously been reported that aryl selenocyanates
react with alcohols (eq 1) and carboxylic acids (eq 2) in

0-NOCgH4SeCN
—_———

CH3(CH2)10CH20H BugP, THF

(1)
CH3(CH2)1oCH2Se
NO2

PaSeCN

PhCOOH BuP, CHaClp

PhCOSePh (2)?

the presence of tri-n-butylphosphine, giving rise to alkyl
aryl selenides! and selenol esters, respectively.? The re-
actions depicted in eq 1 and 2 are general and can be
applied to a variety of alcohols and acids. In contrast to
o-nitrophenyl selenocyanate which is an easy to handle,
yellow crystalline substance, phenyl selenocyanate is an
extremely sensitive, unpleasant smelling liquid which
slowly decomposes on storage after a few days.

We report herein the reactions of carboxylic acids and
alcohols with N-phenylselenophthalimide (N-PSP),? a
stable, crystalline, relatively odorless substance. The use
of N-PSP as detailed below obviates the necessity of
working with the difficult to handle phenyl selenocyanate.
Treatment of a variety of alcohols with N-PSP in tetra-
hydrofuran at 0 °C (method A) or in methylene chloride

(1) Grieco, P. A.; Gilman, S.; Nishizawa, M. J. Org. Chem. 1976, 41,
1485
(2) Grieco, P. A.; Yokoyama, Y.; Williams, E. J. Org. Chem. 1978, 43,

(3) (a) Nicolaou, K. C,; Claremon, D. A.; Barnett, W. E,; Seitz, S. P.
J. Am. Chem. Soc. 1979, 101 3704. (b) Also see: Frejd, T Sharpless,
K. B. Tetrahedron Lett. 1978, 2239; Hori, T.; Sharpless, K. B. J. Org.
Chem. 1979, 44, 4208.

Table I. Conversion of Alcohols to

Alkyl Phenyl Selenides
% yleld
meth- time, temp, ofb:¢
starting alcohol od® min °C  selenide
geraniol A 40 0 82
CH,(CH,),CHOH A 35 0 84
CH,CH,C= A 60 0 75
CCH CH ,OH
C.H, CH OH A 60 0 95
/ B 60 -20-0 70
B 120 —-20-25 90
OMe
B 180 -20-25 73

OSl(Ph)z-r-Bu

<0:©/\0H A 30 0 95

o

@\ A 90 25 87
CHaCHg OH

HO A 30 0 72
7
o]

N

6 Method A: reactions were carried out in tetrahydro-
furan employing 2.0 equiv of N-PSP and 2.0 equiv of tri-n-
butylphosphine. Method B: reactions were carried out
in dry, oxygen-free CH,Cl, (0.4 M) with 1.5-2, 0 equiv of
N-PSP and 2.0 equiv of tn -n-butylphosphine. ? All com-
pounds were fully characterized by spectral methods.
¢ Yields reported are for isolated, chromatographically
pure substances,

(method B) in the presence of tri-n-butylphosphine gives
rise to high yields of alkyl phenyl selenides (Table I).4 The
major advantage of this new one-step process is the ready
availability of N-PSP? as compared to PhSeCN which is
a nuisance to prepare and difficult to work with. As il-
lustrated in Table I, N-PSP is compatable with acetals,
ketals, silyl ethers, olefins, acetylenes, and aromatic resi-
dues.

We have also observed that carboxylic acids dissolved
in either tetrahydrofuran or methylene chloride react with
N-PSP in the presence of tri-n-butylphosphine, providing
selenol esters in good to excellent yield (Table II). As
illustrated in the table, a variety of aryl- and alkyl-
carboxylic acids have been examined. In contrast to the
reaction of phenyl selenocyanate with p-chlorobenzoic acid
(eq 3) which gave us only 32% yield of selenol ester 2, use

COOH COSePh
PhSeCN
L0 sz [ o
Ci Ci

1 2

of N-PSP provided 2 in 91% isolated yield. Reaction of
B,8-dimethylacrylic acid at 0 °C with 1.2 equiv of N-PSP

(4) The corresponding sulfur reagent has been reported to transform
alcohols into phenyl sulfides in a similar manner: Walker, K. A. M.
Tetrahedron Lett. 1977, 4475.

(5) Lown, W. J.; Akhtar, M. H,; Dadson, W. M. J. Org. Chem. 1975,
40, 3363.
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Table II. Synthesis of Selenol Esters

% yield
ofb.c
time, selenol
starting acid method¢ h ester
CH,(CH,),COOH A 1.5 90
C,H,CH,COOH A 3 98
p-CH,0C,H,COOH A 3 56
p-C;H,C,H,COOH A 4 58
p-CIC,H,COOH A 0.7 91
cyclohexanecarboxylic A 2 94
acid
CHa A 3 91

O)\COOH
OCHZCOOH A 3 82

Eo B 3 75

—(CH2)6CH2C00H

o

(I\Sph B 3 92
COOH

HOOC B 5 94

4 Method A: reactions were carried out at 25 °C in
tetrahydrofuran employing 2.0 equiv of N-PSP and 2.0
equiv of tri-n-butylphosphine. Method B: reactions were
were carried out in dry, oxygen-free CH,Cl, (0.4 M) with
1.5-2.0 equiv of N-PSP and 2.0 equiv of tn-n-butylphos-
phine. ? All compounds were fully characterized by spec-
tral methods. ¢ Yields reported are for isolated, chroma-
tographically pure substances.

in THF containing 1.2 equiv of tri-n-butylphosphine
provided a 2:1 mixture of selenol esters 3 and 4, respec-
tively, in 83% yield (eq 4). In general the yields of selenol

N-PSP
(CH,),C=CHCOOH “THF/Bap

(CH3)2C=CHCOSePh + PhSeC(CHs)chchSePh 4)

esters prepared from N-PSP/BugP are hlgher than those
obtained previously by employing ArSeCN/BuzP.2 We
have also observed that the reaction of carboxylic acids
with N-PSP/BugP in the presence of amines provides
direct access to amides in high yield (Table III).

The new reactions described above for the facile prep-
aration of alkyl phenyl selenides, selenol esters, and amides
employing N-phenylselenophthalimide (N-PSP), coupled
with the oxyselenation of olefins reported by Nicolaou,®
attest to the ability of N-PSP to efficiently introduce the
phenylseleno group (PhSe) into a variety of substrates.
While many carriers of the PhSe group exist (e.g.,
PhSeCN, PhSeCl, PhSeBr, PhSeSePh), it is clear that
there are distinct advantages offered by N-PSP.

Experimental Section

General Procedure for Preparation of Amides. A solution
of phenylacetic acid (95 mg, 0.7 mmol) and N-phenylseleno-
phthalimide (302 mg, 1.0 mmol) in 4.0 mL of dry tetrahydrofuran
was treated at room temperature with 0.256 mL (1.0 mmol) of

(6) The last 8 years have witnessed extensive efforts to develop
methods for the introduction and oxidation and/or reductive removal of
phenylseleno groups: Sharpless, K. B.; Gordon, K. M,; Lauer, R. F.;
Patrick, D. W,; Smger, S.P.; Young, M. W Chem. Scr. 1975 84,9; Relch
H.J.In “Omdatlon in Orgamc Chemistry, Part C”; Trahanovsky,
Academic Press: New York, 1978; p 1; Reich, H. J Acc. Chem. Res. 1979
12, 22; Clive, D, L. J. Tetrahedron 1978, 34, 1049.

Notes

Table ITI. Direct Conversion of Acids into Amides?

% yield
time, ofb:¢
acid amine h amide
C,;H,CH,COOH isopropyl 3.0 95
C,H,CH{COOH diethyl 2.3 98
C,H,CH,COOH benzyl 2.0 93
p-MeOC,H,COOH isopropyl 3.0 95
p-MeOC,H,COOH diethyl 2.5 88
p-CIC;H,COOH isopropyl 3.5 95
p-ClC H COOH diethyl 2.6 92
CH;(CH )GCOOH" isopropyl 2.5 98
O/COOH isopropyl 3.0 90
diethyl 1.8 82

O/C OCH
CH3 isopropyl 2.0 93
O)\DOH

@ All reactions were run in tetrahydroturan at room tem-
perature, using 1.3 equiv of N-PSP, 1.3 equiv of Bu,P, and
1.8 equiv of amine unless stated otherw1se b Ylelds are
based on pure compounds isolated chromatographically
on silica gel. ¢ All compounds were fully characterized by
spectral methods. ¢ Reaction carried out at 0 °C,

tri-n-butylphosphine followed by the addition of 0.08 mL (1.0
mmol) of isopropylamine. After 2 h, the solvent was removed
in vacuo. Chromatography of the residue on silica gel using
hexane—ether (15:1) (to remove diphenyl diselenide) followed by
hexane—ether (1:1) provided 124 mg (95%) of pure crystalline
N-isopropylphenylacetamide, mp 101-102 °C (lit.> mp 102.0-103.5
°C).
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The conversion of carbonyl compounds to the corre-
sponding methylene derivatives is one of the key trans-
formations in organic synthesis. Not surprisingly, a great
deal of literature exists concerning this transformation.!
The classical reduction procedures utilize strong acids
(Clemmensen) or bases (Wolff-Kishner) which preclude
the presence of sensitive functional groups. However, the
reduction of tosylhydrazones with boron hydride reagents
offers a mild and convenient alternative to the classical
methods.?

o NHaNHTs NNHT 1. BH H
E10H S 7 bose H

One of the most versatile of these procedures involves
the use of catecholborane as the reducing agent.? The
catecholborane—tosylhydrazone procedure offers a number
of advantages over methods utilizing sodium borohydride3?
and sodium cyanoborohydride.* These advantages include
(a) efficient use of hydride (only 1 equiv is necessary
compared to the large excesses required in the other pro-
cedures), (b) mild reaction conditions (room temperature,
neutral pH, and the use of common aprotic solvents), (c)
the inertness of most functional groups toward catechol-
borane (only aldehydes are reduced faster than tosyl-
hydrazones), and (d) formation of only a single hydro-
carbon product. The catecholborane procedures reduces
a variety of saturated® and unsaturated carbonyl com-
pounds.”® Regiospecific isomerizations occur during the
reduction of a,8-unsaturated carbonyl derivatives often
leading to unique alkenes™ and allenes (from the reduction
of acetylenic reagents).? The reaction can also be used

(1) See, for example: (a) Reusch, W. “Reduction”; Augustine, R. L.,
Ed.; Marcel Dekker: New York, 1968; pp 171-211; (b) House, H. O.
“Modern Synthetic Reactions”, 2nd ed; W. A, Benjamin: Menlo Park,
CA, 1972; Chapter 4.

(2) Kabalka, G. W.; Baker, J. D. J. Org. Chem. 1975, 40, 1834.

(3) Caglioti, L. Tetrahedron 1966, 22, 487.

(4) Hutchins, R. O.; Kacher, M.; Rua, L. J. Org. Chem. 1975, 40, 923.

(5) Hutchins, R. O.; Natale, N. R. J. Org. Chem. 1978, 43, 2299.

(6) Kabalka, G. W.; Chandler, J. H. Synth. Commun. 1979, 9, 275.

(7) Kabalka, G. W.; Yang, D. T. C.; Baker, J. D. J. Org. Chem. 1976,
41, 574.

(8) Kabalka, G. W.; Hutchins, R. O.; Natale, N. R.; Yang, D. T. C,;
Broach, V. Org. Synth. 1979, 59, 42.

(9) Kabalka, G. W.; Newton, R. J.; Chandler, J. H.; Yang, D. T. C. J.
Chem. Soc., Chem. Commun. 1978, 727.

Table I. Conversion of Carbonyl Reagents into the
Corresponding Methylene Derivatives?®

carbonyl reagent? product? % yield¢
o]
CH;(CHZ)QLlH CH,(CH,),CH, 91 (99)¢
Q
CH,(CH,),CH, 78

CHs(CH, )sCCHs
0

Q 82
9
@A 68

CH,=CH(CH,),CO,H 96

@/M 82 (92)¢

o}

.

CH2=CH(CH2)QL(CH2 )4C0ZH

¢ The carbonyl reagents were first converted into the
corresponding tosylhydrazone derivatives. ? Products
exhibited physical and spectral parameters in agreement
with literature reports. ¢ Isolated yields, ¢ GLC analy-
sis.

Table II. Conversion of «,3-Unsaturated Carbonyl
Reagents into the Corresponding Methylene Derivatives¢

carbonyl reagent? product? % yield¢
[¢]
o
[0}
o0 L me

0
©~c=c—c—cr43 ©_CH=C=CHCH3 21

% The carbony! reagents were first converted into the
corresponding tosylhydrazone derivatives. ? Products ex-
hibited physical and spectral parameters in agreement with
literature reports. ¢ Isolated yields. ¢ GLC analysis.

to incorporate deuterium regiospecifically by using deu-
terium oxide as the source of deuterium.!°

The purpose of this study was to investigate reducing
agents which are as versatile as catecholborane but which
can be more readily prepared. We report that bis(benzo-
yloxy)borane, 1,112 effectively reduces tosylhydrazones to

(PhCC%g) sBH

the corresponding methylene derivatives. The results
parallel those obtained using catecholborane.

Results and Discussions

Catecholborane exhibits a stability and reactivity which
is greater than most boronic acid esters presumably due
to delocalization of the nonbonding p electrons on oxygen
into the benzene ring.!* Apparently, the carbonyl groups
in the acyloxyboranes behave similarly since a number of
bis(acyloxy)boranes are stable.!!

(10) Kabalka, G. W.; Yang, D. T. C.; Chandler, J. H.; Baker, J. D.
Synthesis 1977, 124.

(11) Brown, H. C.; Stocky, T. P. J. Am. Chem. Soc. 1977, 99, 8218.

(12) Maryanoff, B. E.; McComsey, D. F. J. Org. Chem. 1978, 43, 2733.

(18) Lane, C. F.; Kabalka, G. W. Tetrehedron 1976, 32, 981.
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