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8:2). The crude reaction mixture is worked up by column
chromatography on silica gel (eluent: benzene/ethyl acetate, vari-
able between 98:2 and 95:5). The isolated compounds  are
recrystallized or distilled in vacuo. Under these conditions, the
separation of 2b from 2d and of 3b from 3¢ was incomplete;
the identification and quantitative evaluation of these compounds
were performed by comparison of their *H-N.M.R. spectra with
those of pure samples prepared from the corresponding morpho-
lines and benzoyl chloride.

Received: May 3, 1976

Y L. M. Berkowitz, P. N, Rylander, J. Am. Chem. Soc. 80, 6682
(1958). .
2 J: C. Sheehan, R. W. Tulis, J. Org. Chem. 39, 2264 (1974).
3 R. M. Moriarty, H, Gopal, T. Adams, Tetrahedron Lett. 1970,
4003.
4 D. G. Lee, M. van Den Engh, Can. J. Chem. 50, 3129 (1972).
5 S. Trahanowsky, Oxidation in Organic Chemistry, Vol. 5B,
Academic Press, New York - London, 1973, p. 222.
% @G. Bettoni et al., J. Org. Chem. 41, (1976), in press.
7 G. Pifferi et al., J. Med. Chem. 15, 851 (1972).
8 H. Booth, G. C. Gidley, Tetrahedron 21, 3429 (1965).
9 1. P. Mason, M. Zief, J. Am. Chem. Soc. 62, 1450 (1940).
10 1, W. Georges, U.S. Patent 2429679 (1947), U.S. Secretary
of Agriculture; C.A. 42, 760 (1948).
1 A, Bresson et al., Bull. Soc, Chim. France 1971, 1080.
12 1., Turbanti et al., Chim. Thér. 2, 354 (1967); C.A. 69, 36048
(1968).
13 M. T. Leffler, E. H. Volwiler, J. Am. Chem. Soc. 60, 896
(1938).
14 A, R. Surrey, S. O. Winthrop, M. K. Rukwid, B. F. Tullar,
J. Am. Chem. Soc. 77, 633 (1955).
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Alkyl Diazoacetates
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Copper complexes are widely used as catalysts for the cyclo-
propanation of alkenes'. For example, Salomon and Kochi?
reported the high efficiency and unusual selectivity of cop-
per(l) triflate in the cyclopropanation of terminal C=C
double bonds with alkyl diazoacetates.

In the course of an investigation of the catalytic potential
of several group-VIII metal derivatives in such reactions,
we observed the high selectivity of palladium(II) acetate
as catalyst in the cyclopropanation of monoolefins® and
in the formation of 1,3-oxazoles*. Moreover, the efficiency
of ‘rhodium(Il) acetate® as catalystin 'the insertion of
carbenes into activated H-bonds ‘constitutes an additional
example of the interest of these group-VIII transition-metal
complexes in connection with specific problems of syn-
thesis.

We have found that copper(l) triflate and particularly palla-

dium(IT) acetate are poor catalysts as far as the cyclopropana-
tion of alkenes substituted at the ethylene group are con-

SYNTHESIS

cerned. We now report on the high efficiency of rhodium(I1)
carboxylates in the cyclopropanation of this latter type of
olefins. The efficiency of the rhodium(II) derivatives depends
strongly on their solubilities; therefore, soluble rhodium(II)
carboxylates such as the butanoate® and the pivalate® (the
latter being soluble even in pentane) effect high improvements
in yields of cyclopropanation products; this applies also
to alkenes such as trans-octenes which in the presence of
the less soluble rhodium(Il) acetate® are not cyclopropanated
with satisfactory results.

R! R3 5
N\ 7/ o
JL=C + Np=CH—COOR® RhO—CO—R:
R? 4
" 2 R R3W
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\
RZ /C\“‘C\R4(3)
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The yields of products 3 also depend strongly on the alkyl
diazoacetate (2) used. The best yields are obtained with butyl
diazoacetate in the presence of rhodium(Il) acetate. This
fact may be explained by the increased solubility and
stabilization of the intermediately generated carbenoid spe-
cies.

As expected, solubility of the reaction partners is obviously
not the sole factor responsible for the observed efficiency
since rhodium(II) trifluoroacetate’ is well soluble but only
poorly efficient (yield: 10-15%), whereas rhodium(IT) meth-
oxyacetate® gives the same overall results as the acetate.
Like in all coordination reactions, the influence of the elec-
tronegativity and geometry of the counter-anion are deter-
mining. However, steric hindrance at the carboxylate group
does not show any major effect on the yield. Such an effect
might be expected because of the binuclear nature of the
rhodium(II) carboxylates which leaves dnly one unhindered
free coordination site per rhodium atom. A small effect
on the stereochemistry of the isomers formed is observed,
however. The exo/endo ratio changes from 37:28 to 30:30.%
(vield of eachisomer) when acetate ion is replaced by pivalate
ion in the cyclopropanation of cycloocta-1,5-diene.

Moreover, the oxidation state of rhodium plays an important
role (possibly by controlling the overall geometry of the
complex), as can be concluded from the fact that only very
low yields of cyclopropanation products are obtained in
the presence of rhodium(IIl) pivalate® or rhodium(I) com-
plexes®.

The mechanism of the reaction will be discussed elsewhere.

The cyclopropanation products 3 were identified by elemental
analyses and by spectral data. In the case of products which
differ only in the group R®, spectral and G.L.C. data alone were
used for identification. All alkyl cyclopropanecarboxylates 3
show typical LR. absorptions of the ester group at v= 1740 and
1330cm ™!, The formation of dialkyl maleates, dialkyl fumarates,
or pyrazolines as side products could be excluded by the
absence of C=C absorptions'in the LR, spectrum, except for_the
cyclopropanation products 3o-r obtained from diolefins.. The
'H-N.M.R. spectrum of compounds 3 also showed the absence
of any unsaturation (except for 3o-r). The ester group
—O—CH,;—R gave a characteristic signal at §=3.8-4.1 (t for
R=n-C3H,, q for R=CHj3;) or 3.5ppm (s for R=H), whereas
the remaining protons appeared in the 0.65-2.1 ppm region. The
integral ratio of these two groups of protons provides an-addi-
tional proof of the structure.
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Table 1. Alkyl Cyclopropanecarboxylates (3) from Alkenes (1) and Alkyl Diazoacetates (2)*

Alkene 1 Product 3 Yield® [ %] based on 2 and Catalyst used
RG
R! R? R? R* RS - Ccul)  Pd(ID)
CH; n-CsH, t-C4Ho triflate acetate

ciss3-hexene a® CHs H CHs H CH, 56 — 68¢ — —

b¢ C,Hs Ce —_ — 15 15

ct n-Cq4Ho  98(90) — 1004 S —
2,3-dimethyl-
but-2-ene d CH; CH; CH; CH; CH; ' 70(28) — 752000 30(36) <8(26)
cis-2-octene ) [ CH; H n-CsH;; H CH; 65 . 804 89(12)* 40 5(33)

f n-CiHy  90%82) — — — -
traiis-4-octene g n-C3H, H H n-C3H;  CH; 7(40) 54(14) 60(40)  8(26) 11.6

he CHs  — — — 23 —
trans-2-octene i CH, H H n-CsHyy CH;, 24 (36) S 7720 14(26) 2.2(18)

k N-‘C4H9 70 - - - —_
cyclohexene I CH; 849(70) 854 — 54 —

m* C,Hs — —_ — — 21

n® n-C4Ho 804 — — 64 -
1,5-cyclooctadiene  o" CH,; (64)@d)y — 60(8)"  25(31) 10(30)
2,5-dimethyl-
2/4-hexadiene p!  CH, CH; H C4H; C,H; (85%) — — 77 35
| 3-cyclohexadiene  ¢" — — — — C,H;s (90%) o — 70 20
1,5-hexadiene " H H H " C4H, C,H;s (80°) — — 60 37

! Amounts of components and catalyst used: alkene 1, 10- mmol;
alkyl diazoacetate 2,2.0 mmol; catalyst, 1-2 mg (~0.01 mg-atom
of Rh). In the case of the rhodium(Il) catalysts, the yields of
3 decrease considerably when more catalyst is used [e. g., from
60% to 15% for 3i when 20 mg instead of 1" mg of rliodium(II)
pivalate are used]. This fact may be explained by the fast de-
composition observed upon addition of the alkyl diazoacetate
to too much catalyst; then, decomposition is complete before
the alkyl diazoacetate has sufficiently diluted in the alkene,

" Yields are G.L.C. yields; for conditions, see experimental proce-
dure: Underlined yields in (italics ) and-in brackets are yields
of products 3 isolated by distillation. Yield in brackets () are
those of the corresponding dialkyl maleates and fumarates
formed as side products by (formal) dimerization of the interme-
diate alkoxycarbonylcarbenes.

Cyclopropanation of Alkenes; General Procedure:

The alkyl diazoacetate (2; 13 mmol) is added slowly (by means
of an automatic SAGE syringe) over a period of 10h to a stirred
solution or suspension of the catalyst (0.06 mmol, diazocarboxyl-
ate: catalyst =200)in the olefin (1; 65 mmol) at 20° under a nitrogen
atmosphere. The resultant mixture is filtered and the filtrate dis-
tilled to give the cyclopropanation product 3 in a purity of at
least 95% (by G.L.C.). Further purification (removal of traces
of dialky! maleate and fumarate) is achieved by column chromato-
graphy on alumina (elution with benzene followed by ethyl acetate).
Analytically pure samples may also be obtained by G.L.C. on

EFAP or SE 30 columns.

¢ These compounds were identified by their LR.- and "H-N:M.R.
spectra. -

The reactions were carried out in a homogeneous system.
Alkaline hydrolysis of 3¢!'? gave 2,3-diethylcyclopropanecarb-
oxylic acid as a mixture of isomers.

a

a

CgH, 40, cale, C676 H99
(142.2) found 66.6 9.9
M.S.: mfe= 142,

-

The "H-N.M.R. spectrum shows the typical signals reported
in Ref.!? for the same compound.

With rhodium(IT) methoxyacetate and alkyl diazoacetates 2,
R3=C,Hs and R®*=n-C4Ho, the yields of the corresponding
atkyl cyclopropanecarboxylates 3 are 20 and 90%, respectively.
Under the conditions employed (excess of olefin, cf. footnote
a), monocyclopropanation takes place exclusively,

! The '"H-N.M.R. data were identical with the reported data'*.

S

=

In the present investigation, the progress of the reaction was
followed by G.L.C. on a silicone column (SE 30, {0% on Chromo-
sorb W) and on a FFAPcolumn (10% on Chromosorb W) using
a 15°/min program, dibutyl phthalate as an internal standard,
and pure authentical samples for identification and quantitative
measurements. In a few cases (cis-3-hexene, cis-2-octene, trans-4-
octene, cyclohexene), the yields were also determined by distilla-
tion.

The authors are indebted to F.R.F.C. for support of this work
through contract and Mr, Antoine for skilful technical assistance.
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Table 2. Physical Data of Compounds 3 prepared

SYNTHESIS

3 b.p./torr b.p./torr from Brutto Mass spectrum '"H-N.M.R. (CDCl3/TMS)®
Literature formula® mfe 3[ppm]

a 3.50 (s, 3H), 0.7-2.00 (13 H)

b 3.90(q, 2 H), 0.7-1.70 (16 H)

c 60°/0.01 C,y2H;,0,(198.3) 198 3.92(t, 2H), 0.78-1.65 (20 H)

d 336 (s, 3H), 1.03-1.1 (35, 13H)

e 3.50 (s, 3H, 0.70-1.70 (17H)

f 90°/0.01 C14H260, 226 395 (t, 2 H), 0.75-1.90 (24 H)
(226.4)

g C11H300, 184 3.60 (s, 3 H), 0.80-1.40 (17 H)
(184.3)

h 3.80 (q, 2 H), 0.80-2.00 (20 H)

i 90°/0.0t C4H360, 3.95 (t, 2 H), 0.80-1.70 (24 H)
(226.4)

j 3.50 (s, 3H), 0.70-1.70 (17 H)

k C14H260, 3.95 (t, 2H), 0.80-1,70 (24 H)
(226.4)

1 3.40(s, 3H), 1.00-1.90 (11 H)

m 50-60°/1 109-110°/1811 3.95(q, 2H), 1.00-2.10 (14 H)

n C2H,00, 196 3.86 (t, 2H), 1.20-1.90 (18 H)
(196.3)

0 C11H1602 180 5.60 (m, ZH), 3.67 (S, 3H),
(180.2) 1.20-2.20(11 H)

p 56°/6 60°/0.53 4,90 (d, 1 H), 4.10 (q, 2H),

1.00-2.10 (17H)
q 72-76°/15 70-75°/15'3 5.70 (m, 2 H), 4.10 (q, 2 H),
1.00-2.10 (10 H)

e 83°/15 CioH1602 168 5.80 (m, | H), 4.70-5.20 (m, 2.H),

(168.2) 4.10 (g, 2 H), 0.70-2.30 (11 H)

2 The elemental analyses of compounds ¢, f, i, k, 0, r were in satis-
factory agreement with the calculated values: C, £0.33 (0.64 for
¢, 0.51 for k); H, 1-0.44.

b The N.M.R. spectra were recorded with a Varian T-60 spectro-
meter. ’

¢ The I.R. spectrum shows the typical ester absorptions at v= 1728
and 1330 cm ! whereas the characteristic bands of a CH=CH,
group.appear at v=990.and 910cm 1,
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gate Addition of Thiols to C=C Double Bonds
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Fluoride ion is known to exhibit basic properties espécially
under aprotic conditions'. Except for a few examples?; how-
ever; this fact has until recently not been utilized in orgdnic
syntheses, ‘and - the “strength’ of the basicity of fluoride
ion in aprotic solvents has apparently not yet been
investigated thoroughly. During studies on fluoride-cata-
lyzed reactions of organosilicon compounds?, we found that
quaternary ammonium fluoride is an ideal source of fluoride
ion* in aprotic solvents. This communication describes a
fluoride-catalyzed conjugate addition of thiols and the basi-
city of fluoride ion under aprotic conditions.

In the presence of a. catalytic amount of quaternary
ammonium fluoride, various thiols (2) undergo smooth con-
jugate - addition- to a,f-unsaturated carbonyl compounds
(1) (Table 1), In most cases, the reaction proceeds-almost
quantitatively, and the crude products 3 are pure except

" for the presence of very small amounts of fluoride. Various

dry aprotic solvents, e.g., ether, tetrahydrofuran, dimethoxy-
ethane, acetone, acetonitrile, and dimethylformamide are
employed with equal success, Hydroxylic solvents are inadG':-
quate for fluoride-catalyzed reactions, because of the deacti-
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vation of fluoride anion by strong hydrogen bonding, In
respect of volatility and polarity, acetone, acetonitrile, and
tetrahydrofuran are the solvents of choice. In tetrahydro-
furan, for example, 0.1—0.03 equiv of the catalyst is needed
to obtain a reasonable reaction rate at or below room temper-
ature, yet in more polar solvents the reaction proceeds faster.
Among the fluorides examined, tetrabutylammonium fluor-
ide (TBAF) is the best catalyst. Benzyltrimethylammonium
fluoride (BTAF)?, which is prepared from the much cheaper
Triton B, has also proved to be a good catalyst,

R @ A
1 JC=CH—C—R® + Ri-SH ——— R‘-—-(IJ—CHZ—C—R3 :
R ' S—R*

1 2 3

@
RiNBFE = (n-C,H,NE® (TBAF) | c4Hs—CH,~NICH3), FE (aTAF)

In this fluoride-catalyzed reaction, the reaction rate is mar-
kedly dependent on the structure of both thiol (2) and accep-
tor (1) (Table 1). The following example with f-ionone illus-
trates the regiospecificity caused by such an effect,
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CeHs
0 s

0
' BTAF/THF or
= acetone
— e i
é:\)l\ + CoHs—SH 87°% -

Since the reaction proceeds almost. quantitatively, it may
be used to estimate the basicity of fluoride ion. A rough
estimation of the reaction rate was made for two representa-
tive bases (sodium ethoxide and trioctylamine) and TBAF
in the reaction of benzyl mercaptan with methyl acrylate.
In Table 2 is found a striking difference in the catalytic
activity of these reagents. The base-catalyzed addition reac-
tion consists of two sequencial reaction steps, generation
and addition of thiolate ion. In these reactions catalyzed
by the three bases mentioned, the intermediary thiolate spe-
cies can be assumed to be of equal reactivity, since the
differences between the countercations (Na, R3NH, and R4 N)
are negligible in regard of the second step of the addition

‘reaction. Thus, the overall rate of the addition reaction

should be closely related to the rate of generation of the
thiolate ion, which is a measure of the basicity of the catalysts

used. Therefore, the results obtained imply that fluoride

Table 1. p-Alkyl(Arylthio-carbonyl Compounds (3) by Fluoride-Catalyzed Conjugate Addition of Mercaptans (2) to «,f-Unsaturated

Carbonyl Compounds (1)

2 R! R? R? Catalyst Reaction Yield  b.p./jtorr Brutto
(2-5 mol %) conditions [%]  (bath tem-  formula®
(20-25°). perature) of 3
CeHs—SH H H ~COOCH,3 TABF THF/10 min 99 110°/0.04° CioH ;0,8
(196.3)
CH; H ~COOCH; BTAF THF/I5 h 83 100°/0.04 C1H 40,8
(210.3)
H H CH, TBAF THF/1 h 98 110°/0.07 CoH;,08
(180.2)
CH; CH3 CH; TBAF THF/5 h 94 90°/0.074 C,;H;60S
(208.2)
n-CsHy H H TBAF THF/10 min 96 115°/0.15 C2Hi608
{trans) Satls (208.2)
0 S 0
iiv‘\ —_— éi\)K BTAF acetone/7 d 87 140°/0.12 C,oH,60S
(302.3)
f3-lonone
CgHs—S.
H3c’(;>§o TP K NS0 BTAF THF/18 h 96 130°/0.06 C(H,;,0,S
-Angelica lactone ' (208'2)
CeHg—CH,~SH H H —~COOCH, TBAF THF/20 h 87 125/0.15¢ Cy1H 40,8
(210.2)
CH,4 H —COOCH, BTAF acetone/20 min 100 115°/0.27 Ci2H 60,8
(224.2)
CHy CHy CHy BTAF THF/2 h 93
n-CaHy H H TBAF THF/10d 9 100°/0.09" C13H,508
(222.2)
{trans) TBAF THF/30 min 97 110°/0.09 Cy3H,508
N . (222.2)
C-CH=SH  H H ~CO0CH; TBAF THF/7h 85 90°/0.138  C4H,,0.8
CoHs0 (206.2)
CHa CH, CH, TBAF THF/2d 80 90°/0.17 C10H150;S
(218.2)

*-All products were characterized by LR., 'H-N.M.R,, and elemen-
tal analysis. The analytical data obtained were in good agreement
with the calculated values: C, +0.3%: H, +0.3%: S, +0.3%.

¢ Ref.”, b.p. 105-109°/2 torr.
4 Ref®, b.p. 136-138°/3 torr.
Ref., b.p, 173°/14 torr,

«

5 Rel., b.p. 153.5°/12 torr.

Ref.?, b.p. 137-138.5°/4 torr.
Ref.!°, b.p. 145-146°/12 torr.
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