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cis-cyclonona-1,3,5,7-tetraene (or both). Both of these highly
reactive tetraenes have been implicated as intermediates,
along with the all cis-cyclononatetraene, in the thermal
isomerization of the bicyclononatriene 7, although the mode
of their formation is still a matter of conjecture.!3 It is clear,
however, that 7, in its normal state, cannot be an intermediate
in the isomerization of 1, since under the above flow pyrolysis
conditions it gave, as expected, cis-dihydroindene 9 as the
major (80%) thermal product.

While further mechanistic studies are required we would
suggest the intriguing possibility of retro Diels-Alder cleavage
of 1 to vibrationally excited 7 in its extended conformation,
which thereupon suffers immediate symmetry-allowed elec-
trocyclic opening to c¢fs,3 trans-cyclononatriene.!®
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Aryl Selenocyanates and Aryl Thiocyanates:
Reagents for the Preparation of Activated Esters

Summary: Treatment of carboxylic acids with phenyl sele-
nocyanate and phenyl thiocyanate in the presence of tri-n-
butylphosphine affords benzeneselenol esters and benzen-
ethiol esters, respectively.

Sir: As a result of current interest in the synthesis of naturally
occurring macrocyclic lactones and lactams,! considerable
attention has been focused on the preparation of activated
esters.2® We wish to report a new method for the preparation
of selenol esters (eq 1) and thiol esters (eq 2) which proceeds

ArSeCN

RCOOH —> RCOSeAr (1)
BusP
CH2Clg

ArSCHN
RCOOH —> RCOSAr (2)
BuzP
CH2Cl2

under mild conditions. During the course of examining the
reaction of aryl selenocyanates with alcohols? and aldehydes,?
we observed that carboxylic acids dissolved in methylene
chloride or tetrahydrofuran reacted with aryl selenocyanates
in the presence of tri-n-butylphosphine. We also demon-
strated that substitution of aryl thiocyanates for aryl seleno-
cyanates results in the formation of thiol esters.

In the case of selenol esters, the reaction is best carried out
employing 1.0 equiv of aryl selenocyanate and 2.0 equiv of
tri-n-butylphosphine. The reaction can be performed on a
variety of alkyl and aryl carboxylic acids (Table I) employing
phenyl selenocyanate.? Cyclohexanecarboxylic acid, upon
treatment with phenyl selenocyanate and tri-n-butylphos-
phine in methylene chloride, gave rise to an 88% yield of pure
activated ester. Yields of pure isolated benzeneselenol esters
are generally high (Table I). Reaction of p-chlorobenzoic acid
with phenyl selenocyanate under the conditions described
above gave rise to only a 36% yield of product, with the major
product (54%) being diphenyl diselenide. Utilization of o-

0
Se
NO,
1 0
BrCH,(CH,),COSC.H; S
2 NO,
3
“
-
‘ SCN
4
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Table I. Synthesis of Benzeneselenol Esters®
Time, Isolated Mp, °C
Starting acid h Selenol ester yield, % [Bp, °C (mm)]
CH3;COOH? 2.5 CH;3C0SeCgH; 79 [80 (0.5)]
CGHE,COOH 2.0 C6H5C086C6H5 84 37-38
CH3(CH2)6COOH 3.0 CHg(CHz)GCOSeC(5H5 78 [140—143 (10)]
p-CH30CgH,COOH 0.5 p-CH30CgH,COSeCgHs 83 62-63
p-ClICgH,COOH 0.3 p-CIC¢H4COSeCgH5 364 83.5-84.5
@——COOH 3.5 COSeC,H, 84 [119-124 (0.16)]
O—cooa 2.0 COSeCH, 88 [118-123 (0.12)]
COOH COSeC.H;
O—/ 3.0 78 (148 (1.0)]
HOOC C,H,8eCO
Br Br
3.0 46 123-125
0 0
O\) o \)

a All reactions were carried out at room temperature in methylene chloride, using 1.0 equiv of phenyl selenocyanate and 2.0 equiv
of tri-n-butylphosphine, unless stated otherwise. ? This reaction was performed in tetrahydrofuran. ¢ 2 equiv of phenyl selenocyanate

were utilized. 9 A 54% vield of diphenyl diselenide was isolated.

Table I1. Synthesis of Benzenethiol Esters®

Isolated MP, °C
Starting acid Thiol ester yield, % [Bp, °C (mm)]
CH;COOH CH;C0SCeHs 92 [52-54 (0.16)]
CeH;COOH CeHsCOSCeH5 96 55-56
C¢HsCH,COOH CeHsCH,COSCgH5 94 33.0-33.5
CH3(CHg)COOH CH;3(CHj)6COSCeH5 81 [118-119 (0.1)]
p-CH30CgH,COOH p-CH30CgH,COSCeH; 96 94-95
p-ClC6H4COOH p-C1C6H4COSC5H5 92 79.5-81.5
BrCH(CH)sCOOH BrCH,(CH2);COSCgH; 80 [149-153 (0.07)]
O—COOH O—cosceﬁs 91 [106-107 (0.07)]
@—coou O—coscem 92 (117-118 (0.07)]
COOH COSC.H,
<:>_/ O_/ 96 [114-116 (0.14)]
COOH COSCH;
% B 86 127-128
[0}
]
43

a All reactions were carried out at room temperature for 30 min in methylene chloride employing 1.0 equiv of phenyl thiocyanate
and 1.1 equiv of tri-n-butylphosphine, unless stated otherwise. ® CsHsSCN (1 equiv), BugP (1.5 equiv), 3.0 h. ¢ CgH5SCN (1.5 equiv),

BusP (1.5 equiv), 3.0 h.

nitrophenyl selenocyanate led to disappointingly low yields
of product. For example, cyclohexanecarboxylic acid provided
only a 30% yield of ester 1.

With respect to aryl thiocyanates, the conversion of car-
boxylic acids into thiol esters was best performed employing
1.0 equiv of thiocyanate and 1.1 equiv of trialkylphosphine.
As illustrated in Table 11 reaction of 7-bromoheptanoic acid
with phenyl thiocyanate and tri-n-butylphosphine gave an
80% yield of thiol ester 2. Unlike our experience above with
o-nitrophenyl selenocyanate, o-nitrophenyl thiocyanate (1.2
equiv) reacted with cyclohexanecarboxylic acid in tetrahe-
drofuran (4 h, 25 °C) in the presence of tri-n-butylphosphine
(1.2 equiv) and triethylamine (1.2 equiv), providing after
workup an 86% yield of thiol ester 3. The preparation of the

2-pyridinethiol ester of cyclohexaneacetic acid utilizing
thiocyanate 419 was not successful.

General Procedure for the Preparation of Ben-
zenethiol Esters. To a solution of tri-n-butylphosphine (1.11
g, 5.5 mmol) and carboxylic acid (5.0 mmol) in 20 mL of dry
methylene chloride under an atmosphere of nitrogen was
added in one portion phenyl thiocyanate!! (676 mg, 5.0 mmot)
dissolved in 10 mL of methylene chloride. Upon addition the
reaction mixture turns pale yellow. After anywhere from 0.5
to 3.0 h at room temperature, the solvent was removed in
vacuo and the residue was chromatographed on silica gel to
remove tributylphosphine oxide and minor impurities. Iso-
lated yields of products are given in Table II for several ex-
amples.
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Favored Reduction of a-Chlorosilanes vs.
a-Chloroalkanes with Tri-n-butyltin Hydride

Summary: The reduction of 1-chloro-2,2-dimethyl-2-sila-
propane, neopentyl chloride, and 1,6-dichloro-2,2,5,5-tetra-
methyl-2-silahexane with tri-n-butyltin hydride under free-
radical conditions is described.

Sir: In 1965 it was suggested that «-silyl radicals may be
specially stabilized compared to their all-carbon analogues,
possibly by vicinal (d-p) 7 overlap.! Such stabilization was
invoked to explain the absence of rearrangement in «-silyl
radicals.? Although ESR studies appear to confirm this sta-
bilization,3 it seemed desirable to investigate it further. We
describe here external and internal competition studies that
show the heretofore unreported preferential reduction of
certain a-chlorosilanes over their all-carbon analogues with
tri-n-butyltin hydride. These results strongly suggest that
some a-silyl radicals are indeed more stable than their all-
carbon congeners.

In the external competition, mixtures of 1-chloro-2,2-
dimethyl-2-silapropane (“silaneopentyl chloride”, 1) and
neopentyl chloride (2) were dissolved in dry benzene, sealed
in ampules after degassing, and reduced with tri-n-butyltin
hydride,* using di-tert-butyl peroxide as the free-radical
initiator. The results are given in Table 1.

It may be seen that 1 is nearly two orders of magnitude
faster in this reduction than is 2. Because the chlorine ab-
straction step (eq 1) determines the rate of these reductions,?
it would appear that (CH3)3aSiCHos- (1-) is more easily formed
than (CHg)3CCHag: (2-) and therefore that 1. might be more
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Table 1. Competitive Reduction of 1 and 2¢

Ratio 1/2, mM ksitkc?c
1:2d 78
1:1.54 81

2 On a 10-20 mmol scale. In benzene at 151-152 °C for 20 h.
Ratio of materials (1 + 2)/tri-n-butyltin hydride/di-tert-butyl
peroxide = 10:3:1. ® Competitive rate ratio, calculated from cal-
ibrated initial and final 'H NMR spectra by a standard method
(M. J. Hutchinson and M. W. Mosher, J. Chem. Educ., 48, 629
(1971)). The results are for several runs and are £3%. ¢ The re-
ductions afforded tetramethylsilane from 1 and neopentane from
2, each in >90% yield. ¢ Excess 2 was employed to increase the
precision of the results.

stable than 2.. External competition experiments can be
misleading, however. The competitive rate ratio, which only
measures the relative activation barriers, might actually reflect
a less stable reactant (i.e., 1) rather than a more stable inter-
mediate (i.e., 1-).

(CH,),MCH,Cl + -Sn(n-C,H,),

1,M=Si
2,M=C
———> (CH,);MCH, + ClSn(n-C.H,); (1)
ow

fast 1H5n<n-c41-x9)3

(CH,);MCH,

Because literature data applicable to the free-energy con-
tent of 1 appear to vary significantly,® another approach to the
selectivity in eq 1 was used, viz., internal competition. Here
the problem of possible ground-state-energy differences be-
tween reactants disappears. The model chosen was 1,6-di-
chloro-2,2,5,5-tetramethyl-2-silahexane (8). Its synthesis (eq
2) commenced with the oxidation of the chloro alcohol 4 (Al-
drich) to the chloro aldehyde 5: pyridinium chlorochromate
in methylene chloride;!2 80% yield; bp ~100 °C (150 mm)
(Kugelrohr); 2,4-DNP, mp 137-138 °C. Anal. Calcd for
C11H13CIN4O4: N, 18.63. Found: N, 18.69. Conversion of al-
dehyde 5 to olefin 6 was accomplished via the Wittig reaction:
dimsyl sodium;!3 methyltriphenylphosphonium bromide (or
tosylatel4); 30% yield; bp 108-109 °C (atm); 'H NMR (CCly)
6 5.83,5.12, 4.90 (-CH=CH,) (ABX, Jirans = 18,Jcis = 9, Jgem
= 3 Hz), 3.30 (s, -CH,Cl), 1.10 (s, -CH3); IR (neat) 3110, 1642,
928 (-CH==CHy,), 1382, 1368 (CHj3) cm~!. Anal. Calcd for
CgH;;ClL: C, 60.76; H, 9.35. Found: C, 61.08; H, 9.50. Addition
of silane 715 to 6 in the presence of chloroplatinic acid afforded
8: 71% yield, collected by GLC on DC-200 at 150 °C; tH NMR
(CCly) 6 3.33 (s, >CCH,Cl), 2.73 (s, >SiCH,Cl), 1.53—1.17 (m,
>SiCH,CH.C<), 0.97 (s, >C(CH3)y), 0.70-0.30 (m,
>SiCH.CHC<), 0.13 (s, >Si(CHz3)s); IR (neat) 1390, 1370
(>C(CHgj)), 1260 (>Si(CHg)2) cm~!. Anal. Caled for
CoHooClLsSi: C, 47.57; H, 8.87. Found: C, 47.83; H, 8.89.

CICH,C(CH,),CH,0H
4

pyrH" CrQ,Cl”
—— & CICH,C(CH,),CHO
CH,Cl, 5

l[Ph3P=CH2]

CICH,C(CH,),CH=CH,

CICH,SiH(CH), (T) 6
H,PtCl,

CICH,Si(CH,),CH,CH,C(CH,),CH,Cl (2)
8
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