M. Buchert, H.-U. ReiBig

2723

Highly Functionalized Vinylcyclopropane Derivatives by Regioselective and
Stereoselective Reactions of Fischer Carbene Complexes with
1,4-Disubstituted Electron-Deficient 1,3-Dienes™

Matthias Buchert''! and Hans-Ulrich Reiflig*

Institut fiir Organische Chemie der Technischen Hochschule Darmstadt,

PetersenstraBe 22, W-6100 Darmstadt, F.R.G.

Received May 12, 1992

Key Words: Chromium complexes / Carbene complexes / 1,3-Dienes, electron-deficient / [2 + 17 Cycloaddition /
Vinylcyclopropanes, donor-acceptor-substituted / 1,1’-Bicyclopropane-2-carboxamides / Regioselectivity

The thermal reaction of Fischer carbene complex 1 with elec-
tron-deficient 1,3-dienes such as methyl (E E}-2,4-hexadienoate
(2) provided functionalized vinylcyclopropanes like 3 in good
yields. Similar results were obtained by employing related
unsaturated esters 4, 17, and 21 or nitrile 6. The periselectivity
as well as regioselectivity of these carbene-transfer reactions
are generally very high, and the diastereomer with the meth-
oxy group cis-positioned with respect to the olefinic moiety

is largely favoured (>85:15). A mechanistic rationale of these
observations is given. Double adducts were only formed as
minor sideproducts in these reactions, but by employing amide
13 as electron-deficient diene they were very easily formed
with 1. The {2 + 1] cycloaddition could also be extended to
methylcarbene complex 24 and diene 2, but the corresponding
vinylcyclopropane 25a was so far only obtained in low yield.

Fischer carbene complexes have recently found a number
of interesting applications in selective organic synthesis'.
Thus, the formal [2 + 1] cycloadditions with electron-rich™
and electron-deficient alkenes' afford functionalized cyclo-
propane derivatives. We have studied scope and limitations
of reactions of complexes A with acceptor olefins and found
that many donor-acceptor-substituted cyclopropanes™ can
be synthesized, although the diastereoselectivities are gen-
erally modest®. In this paper we describe our results by
employing electron-deficient 1,3-dienes B. When we started
this programme no reactions of Fischer carbene complexes
A with 1,3-dienes were known. Coincidently with our pre-
liminary communication” Wulff et al.® reported on the
reaction of an alkenyl-substituted chromium carbene com-
plex with the electron-rich Danishefsky diene. More re-
cently, the groups of Herndon® and Harvey™ described
the [2 + 17 cycloadditions of various Fischer carbene com-
plexes to alkyl- and phenyl-substituted dienes which provide
vinylcyclopropane derivatives with good selectivities. The
reactions of highly electrophilic benzylidene metal com-
plexes with dienes such as cyclopentadiene were also
studied """, Photochemically induced [2 + 2] cycloaddition
reactions of chromium carbene complexes with olefins —
including a few 1,3-dienes — leading to cyclobutanones were
reported by Hegedus"? and Mattay!.

The reaction of complex A with dienes B as employed in
this project may a priori lead by [2 + 1] cycloadditions to
vinylcyclopropanes C and D, whereas a formal [4 + 1]
cycloaddition would provide cyclopentene derivative E. In
addition, diastereomers can be formed along these routes.
Therefore, a first systematic study addresses to the questions
of regio-, peri-, and diastereoselectivity. It has also to be
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investigated which substituents R’ and X (acceptor) are ap-
propriate for this reaction.
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We concentrated on electron-deficient 1,4-disubstituted
1,3-dienes, since monosubstituted dienes such as methyi 2,4-
pentadienoate were unsuitable substrates — probably due
to their high tendency to polymerize™. The reactions of
carbene complexes with higher substituted 1,3-dienes will be
described in due course™,

Results

The thermal reaction of standard carbene complex 1 with
methyl (E,E)-2,4-hexadienoate (2) in cyclohexane proceeded
rather slowly but cleanly afforded vinylcyclopropane deriv-
atives 3a/b in good yield and with surprisingly high dia-
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stereoselectivity. Major isomer 3a was obtained in pure form
after one recrystallization from pentane.

oM
(CONCr=CL_"C v S COMe

Ph
1 2
Ph, ,OMe MeO, _Ph
80°C/2d ’»fg COZME . :jg COzMe
Cyclohexane &
3a (90 : 10) 3b
79%
(in MeCN, 80°C, 16h: 3a:3b = 70 : 30, 91% yield)

Regioisomeric cyclopropanes (type D), cyclopentene de-
rivatives (E), acyclic isomers'®), or double adducts (see below)
could not be detected in the crude product. The transfor-
mation rate 2— 3 can be compared with that of the addition
of 1 to methyl crotonate which requires similar conditions
(80°C, 40 h)*'!, These rather slow reactions of chromium
carbene complexes were best performed under argon,
otherwise the formation of methyl benzoate by oxidation of
1 by traces of oxygen cannot be avoided. We recently found
that the reaction of 1 with 2 can be dramatically enhanced
when more polar solvents such as acetonitrile, tetrahydro-
furan, or acetone are used. The yield was even slightly higher
in acetonitrile, but the diastereoselectivity was inferior to
that obtained with cyclohexane as solvent!!6.

The conversion 2 — 3 is stereospecific with respect to the
C—C double bond attacked. It was therefore of interest to
combine 1 with the stereoisomeric (E,Z)-diene 4. This re-
action took considerably longer under standard conditions
and furnished a mixture of three isomeric vinylcyclopro-
panes in low yield.

The expected products Sa/b were the major components,
however, diasterecomer 3a was also found with a proportion
of 24%, which can be explained by a nonstereospecific
[2 + 1] cycloaddition involving an intermediate able to
stereoisomerize"®. However, a further experiment (4 d,
100°C, n-octane)!! with 1 and 4 demonstrated that under
the reaction conditions diene 4 isomerizes to the more stable
(E/E)-diene 2 which was isolated together with unconsumed
4 (8% of 2 and 17% of 4 reisolated). Therefore, the “wrong”
diastereomer 3a may stem from the reaction of 1 with 2,

(Coyser=cl + ST i

1 4

Ph
w CO,Me fo/_ CO,Me
+

5a (95 : 5) 5b

80°C/13d

Cyclohexane

+ 3a
33%

S50 :5b:3a=72:4: 24
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and the [2 + 1] cycloaddition of the complex to 4 may also
be stereospecific.

The interpretation of the reaction of 1 with (E, E)-2,4-hexa-
dienenitrile (6) was complicated by the presence of small
amounts of stereoisomers 7 and 8. This resulted in a mixture
of five isomeric vinylcyclopropane derivatives 9—12 as il-
lustrated. Again, the diastereoselectivity with respect to the
formation of major components 9a/b is very good.

Ph, OMe M P
1 CN 0. 71 N
+ —
N
9a (87 : 13) ~ 9p
AN
6
Ph, _OMe Ph, OMe
90°C/2d “ CN
. _80°¢/2d \A/:/ . —
n-Octane CN
\\A/CN 10 11
58%
7 Ph, OMe
* * \A/:\
N CN
> CN 12

8

6:7:8=88:6:6 9a:9b:10:11:12=69:10:9:7:5
When (E,E)-N,N-dimethylhexadienamide (13) is employed
the outcome of the reaction with carbene complex 1 is highly
dependent on the ratio of starting materials. The use of an
excess of diene 13 (10 equiv.) led to the expected vinylcyclo-
propanes 14a/b as major products — again formed with
good diastereoselectivity —, but even under these conditions
we found 10% of double adduct 15a. In addition, 2% of
regioisomeric monoadduct 16 could be identified. When
complex 1 was used in excess, the formation of the bicyclo-
propyl derivatives 15 occurred almost exclusively. A 95:5

Ph, ,OMe MeD, Ph

CONM CONM
K=" K=
14q + 14b
1

MeO Ph Ph, OMe

80°C Ph OMeX coNMe, Ph OMeX CONMe,
+ —— ) Z
Cyclohexane
15q + 15b
MeO$ Ph MeO, Ph
MeQ Ph 7

CONMez € 2 CONM82 A/CONMCZ
13 R 1 16

Ratio 1:13 Time Yield 14a0:14b:16:15a0:15b:15¢c

1:10 2h 89% 8t:7 :2:10: - : -
22:1 t9h 78% - : - :5:71:15: 9
Stereoselectivity 92 :8 | [83:17 !
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Highly Functionalized Vinylcyclopropane Derivatives

mixture of 15:16 was obtained by employing 2.2 equiv. of
1; vinylcyclopropanes 14 were not detected.

Another striking feature of these reactions is their high
rate compared to similarly substituted 1,3-dienes. The prod-
uct ratios as obtained prove that double-adduct formation
is even faster than the generation of the preceding vinylcy-
clopropanes 14. The notion that 15 is formed via 14 and
probably not via regioisomer 16 can be deduced from the
rather constant low proportion of 16, independent of the
starting-material ratio. In addition, the double bond in 16
should not be activated with respect to a carbene complex
attack since acceptor or donor substituents are absent. We
are not able to present a conclusive explanation for the
exceptional behaviour of amide 13. The related reaction of
1 with acrylic acid dimethylamide proceeds uneventfully'
and without a perceivably higher rate compared to other
simple olefins"?,

The regioselectivity of the [2 + 1] cycloaddition of 1 to
methyl (E,E)-5-phenyl-2.4-pentadienoate (17) is high but not
complete. Thus, a mixture of five compounds was obtained
containing the expected vinylcyclopropanes 18a/b as major
compounds. Minor products were regioisomers 19a/b and
double adduct 20. The 5-phenyl group lowers the regiose-
lectivity compared to a methyl substituent in this position
(see 2 — 3).

MeO, Ph
Phugo"'e Co,Me Me i CO,Me
& + &
Ph Ph
1 18a (84 : 16) 18b
90°C/2d
+ —_—
n-Octane
Ph Ph, ,OMe MeO, Ph
> 63% A/COZMe A/cone
& + &
/:.\‘ S
< Ph 19a Ph 19b
COzMe MeO Ph
Ph OMeX co,M
17 % 2Me
.
PR 20

18a:18b:(190+19b):20%80:15:3:2

The very slow thermal reaction of dimethyl (E, E)-2,4-
hexadien-1,6-dioate (21) with carbene complex 1 gave the
two vinylcyclopropanes 22 a/b with excellent diastereosetec-
tivity. Surprisingly, ca. 10% of the product mixture consisted
of stereoisomer 23. Since starting material 21 was isomeri-
cally pure and generation of the corresponding thermody-
namically less stable (Z,E)-diene under the reaction condi-
tions employed is rather unlikely"”, we have to assume an
isomerization 22 — 23. The reaction conditions make this
process rather likely because similar trans/cis isomerizations
and ring enlargements to give cyclopentene derivatives were
found in other examples™ %,
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(in THF, 64°C, 45h: 22a : 22b = 80 : 20, B6% yield)

When the reaction of 1 with 21 was executed in tetrahy-
drofuran as solvent it proceeded dramatically faster and with
higher yield, but with lower diastereoselectivity. However,
the “wrong” stereoisomer 23 was not formed under these
milder reaction conditions.

The cyclopropanations of simple 1,3-dienes with Fischer
carbene complexes are not limited to aryl-substituted com-
pounds such as 1'% The reaction of methylcarbene com-
plex 24 with electron-deficient diene 2 also furnished a vi-
nylcyclopropane derivative 25a, but after chromatographic
purifications this compound was obtained in only 20%
yield.

OMe

(co)50r=c:M N SR CO0zMe
e

24 2

Cyclohexane

Me. OMe come M0, Me o, Me
80°C/18h — A/:—./
—_— o + K

20% 25a (> 90 : 10) 25b

Stereoisomer 25b was detected in other chromatography
fractions, but it could not be obtained in pure form. Nev-
ertheless, the diastereoselectivity of the [2 + 1] cycloaddi-
tion can be estimated to exceed 90:10. The formation of 25
from 24 and 2 is accompanied by the generation of unknown
byproducts with considerably higher molecular weight. Fur-
ther experiments (in polar solvents) are required to improve
the mass balance of this reaction and to answer the question
of regioselectivity more definitely.

Discussion

The results described here demonstrate that Fischer car-
bene complexes A react with electron-deficient 1,3-dienes B
with excellent periselectivity and regioselectivity to afford
vinylcyclopropanes of type C. There is no evidence for the
formation of [4 + 1] cycloadducts E, and regioisomers D
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Table 1. Preparation of vinylcyclopropanes from carbene complexes 1 and 24 and 1,3-dienes {according to the general

procedure; purification method A: Kugelrohr distillation; B: column chromatography on silica gel)

Complex 1,3-Diene  Solvent Temp. Time Product Purification Yield
g (mmol) g (mmol) (ml) °C Method g
6.25 1 378 2 Cyclohexane 80 2d 3a/3b A3) 79 %
(20.0) (30.0) (50) (90 :10) 3.89
0.3121 0.189 2 Acetonitrile 80 16 h 3a/3b A 91 %
(1.00) (1.50) (2.5) (70 : 30) 0.224
0.850 1 0.380 4 Cyclohexane 80 13d 5a/5b/3a ADb) 33 %
(2.70) (3.00) (10) (72 1 4: 24) 0.220
2.50 1 1.12 6,7,8 n-Octane 90 2d 9a/9b/10/11/12 Be) 58 %
(8.00) (12.0) (20) (69:10:9:7:5) 0.981
0.620 1 2.78 13 Cyclohexane 80 2h 14a/14b/16/15a Bd 89 %
{2.00) (20.0) (10) (81:7:2:10) 0.445
1.021 0.208 13  Cyclohexane 80 19 h 16/15a/15b/15¢ Be) 78 %
(3.30) (1.50) (7) (5:71:15:9) 0.434
2.81 1 3.3817 n-Octane 90 2d 18a/18b/19a/b/20 B 63 %
(9.00) (18.0) (15) (80:15:3:2) 1.73
1.251 2.74 21 n-Octane 100 6d 22a/22b/23 B9 63 %
(4.00) (16.0) (20) (86:4:10) 0.730
0.3121 0.342 21  Tetrahydrofuran 64 45 h 22a/22b Bh) 86 %
(1.00) (2.00) (5) (80 : 20) 0.250
1.00 24 5.05 2 Cyclohexane 80 18 h 25a A/B) 20 %
(4.00) (40.0) (15) 0.148

a) Two distillations; partially crystalline product; recrystallization from pentane afforded pure 3a (2.49 g, 51 %). - ®) Further
purification by radial chromatography (chromatotron, silica gel plate, pentane/ether, 15 : 1). - © (Hexane/EtOAc, 15 : 1), three
fractions obtained. - d) (Hexane/EtOAc, 1 : 15), four fractions obtained, 71 % of pure 14a. - €} (Hexane/EtOAc, 1 : 5), five
fractions obtained. - ) (Hexane/EtOAc, 6 : 1), three fractions obtained; recrystallization from hexane afforded pure 18a. -

9) (Hexane/EtOAc, 4 : 1), two fractions obtained, 55 % of pure 22a. - ") (Hexane/EtOAc, 4 : 1), three fractions obtained, 67 %
of pure 22a. - 1) 30°C/0.05 Torr. - I (Hexane/EtOAc, 10 : 1), three fractions obtained, 20 % of pure 25a; 25b was detected in

the other fractions.

Table 2. IR data and melting points (boiling points) of vinylcyclopropanes 3a/b, 5a, 9, 14a, 15a, 18a, 22a, and 25a.

IR (v, cm'1) m.p.
Compound Solvent CH Co =C other (b.p.)
3a/3b CHCl3 3100-3000, 2960, 2840 1705 1640 - 43.5 - 44.50C (3a, from pentane)

(b.p. 1400C/0.02 Torr)

5a film 3100-3000, 2950, 2850 1715 1635 - (b.p. 120°C/0.1 Torr)
9 film 3060-3020, 2960-2940, 2830 - 1640 2220 (C=N)
14a film 3080-3000, 2990-2860, 2820 1650 1610 - 91 - 920C (from hexane)
15a film 3080-3010, 3000-2940, 2830 1650 - - 121 - 123°C (from hexane)
18a CHCI3 3100-3000, 2960, 2840 1705 1640 - 98 - 99 °C (from hexane)
22a CHCIg 3100-3000, 2960, 2840 1725 1650 - 62 - 63°C (from hexane)
25a CHCI3 3100-3000, 2960, 2840 1710 1635 -

Chem. Ber. 1992, 125, 27232729
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are detected in only less than 5% in one case. Double ad-
ducts are found as sideproducts only; however, for unknown
reasons the formation of these compounds occurs with par-
ticular ease by starting with the unsaturated amide 13.

_OMe
(CO)5Cr=C\
R
A R, OMe
L X
RS X R €
B
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The diastereoselectivity of the [2 + 1] cycloaddition of
1 to electron-deficient 1,3-dienes is rather high in favour of
the diastereomer of C as illustrated above (at least 84:16).
This preference may be explained by a mechanism proposed
by Harvey and Lund!” for the reactions of simple 1,3-
dienes. Crucial intermediates are the reversibly generated
n’-allyl complex F and vinylcyclopropane complex G where
the olefinic unit and the alkoxy substituent coordinate to
the metal. Thus, by contraction to the three-membered ring
(F — G) the 18-¢ configuration at the metal atom is main-
tained. In contrast, formation of the b isomer would involve
a 16-e intermediate since the trans-alkoxy group is not avail-
able for coordination to the metal atom.

Table 3. TH-NMR data of vinylcyclopropanes 3a, 3b, 5a, 5b, 9a, 9b, 10, 11, 12, 14a, 14b, 18a, 18b, 22a, 22b, 23, 25a,
and 25b (300 MHz, CDCl3, & values, coupling constants in Hz as given in parentheses).

CO2Me 2'OMe  2-H 3-H 1°-H 3-H 3R 2"-Ph
s,3H s,3H d,1H dd, 1 H dd,1H 1H me, 5H
3a 375 3.04 6.07 6.96 1.92 1.75, dg 0.83,d 7.36
(15.5) (10.5, 15.5) (6.0,10.5) (6.0, 6.5) (6.5) 3H
3b 3.61 3.13 5.84 3 3 a) 1.41,d 7.36
(15.5) (6.5)3H
5a 3.74 3.20 6.04 7.04 2.09, t 1.71,dq 1.37,d 7.34
(15.5) (10.5, 15.5) (10.5) (6.5, 10.5) (6.5)3H
5b 2 3 6.06 a) a a) 1.02,d 7.34
(15.5) (6.5)3H
9a - 3.02 5.52 6.66 1.92 1.78, quint 0.84,d 7.36
(16.0) (10.0, 16.0) (6.0,10.0) (~6.0) (6.5)3H
o9b - 3.20 5.27 5.75 1.8-1.75,m 1.41,d 7.34
(16.0) (10.0, 16.0) 2H (6.0)3H
10 - 3.17 5.48 6.74 a) 3 1.35,d 7.36
(16.0) (10.5, 16.0) (6.5)3H
11 - 3.01 5.36 6.43, t a) a) 0.86, d 7.33
{10.5) (10.5) (6.5)3H
12 - 3 5.08 6.57,t a) a) 1.46,d 7.33
(11.0) (11.0) (6.0)3H
14a 3.13,3.05,3.03b) 6.52 6.92 1.94 1.72, quint 0.81,d 7.36
(15.0) (10.0, 15.0) (6.5,10.0) (6.5) (6.5)3H
14b 3.14,2.96,2.91b) 6.21 6.06 1.81 1.69, quint 1.41,d 7.36
(15.0) (10.0, 15.0) (6.0, 10.0) (6.0) (6.0)3H
18a 3.76 3.15 6.20 7.1 2.66 2.93,d 7.22, 7.05, 6.75-6.60
(15.5) (10.0, 15.5) (6.5,10.0) (6.5) s,mg, m,5H,3H,2H
18b 3.62 2.82 5.95 6.23 268 3 7.50-7.05
15.5) (10.0, 15.5) (6.5, 10.0) m, 10H
22a 3.76 3.10 6.19 6.92 2.91 2.55,d 3.49,s 7.36
(15.5) (10.0, 15.5) (6.0,10.0) (6.0) 3H
22b 364 3.07 6.10-5.95 3.01 2.53,d 3.81,s 7.36
m, 2H (6.5,9.0) (6.5) 3H
23 377 3.19 6.07 7.64 2.42,t 2.55,d 3.76,s 7.40
(16.0) (10.0, 16.0) (10.0) (10.0) 3H
25a 371 3.25 5.87 6.78 1.22-1.06, m 1.11,d 1.38, s
(15.5) (10.5, 15.5) 2H (6.5) 3H
25b 3.70 3.30 5.88 6.56 1.39 1.08, quint 1.20,d 1.40,s
(15.5) (10.5, 15.5) (6.0,10.5) (6.0) (6.0) 3HO

a) Signal hidden by other signals, no unambiguous assignment possible. - b) 35, 3 H each, NMe2 and OMe. - ©) 2"-Me.

Chem. Ber. 1992, 125, 2723 —2729
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The observation of considerably lower diastereoselectivity
in solvents of higher donor quality, in particular in aceto-
nitrile or acetone, supports this interpretation. Now an ex-
ternal ligand takes over the part of the alkoxy group in G
and therefore makes the formation of the b diastereomer less
unfavourable. These mechanistic speculations may oversim-
plify, but plausibly explain our experiments. A more detailed
discussion will also deal with the possiblity of primary =-
complex formation and involvement of metallacyclobutanes
which may precede the generation of intermediates F and
GU8, From a synthetic point of view, the regioselective
[2 + 1] cycloadditions described here make vinylcyclopro-
panes such as 3 easily available which can serve as starting
materials for further transformations.

Structural Assignments

The constitution and configuration of all vinylcyclopro-
panes could be determined on the basis of H-NMR and
BC-NMR data (see Tables 3 and 4). As an example spec-
troscopic data of 3a/b are briefly discussed"®. The trans-
propenoate moiety in both diastereomers is deduced from
the coupling constant of 15.5 Hz; a coupling of the olefinic
proton (3-H) with the vicinal cyclopropane proton in the
range of 10.5 Hz is taken as evidence for the bisected con-
formation of the vinylcyclopropane unit. The coupling con-
stants for the cyclopropane protons are 6.0 Hz which is typ-
ical of the trans arrangement. Most important for the con-
figurational assignments are the strongly differing chemical
shifts of the methyl group. In diastereomer 3a the signal

M. Buchert, H.-U. ReiBlig

appears at high field (8 = 0.83) due to the cis-positioned
phenyl group, while isomer 3b shows this signal at low field
(® = 1.41) caused by the cis-methoxy group. Similar
arguments™ were used for all other vinylcyclopropanes and
the double adducts described in this paper.
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Experimental

For general information see ref.!. The 1,3-dienes and carbene
complexes were prepared according to literature procedures: 2%,
471 6§13 1322 171231 21124 11251 2416 Solvents were dried by
standard methods (CaH, or molecular sieves).

General Procedure for the Reactions of Carbene Complex 1 with
1,3-Dienes: The reactions were performed in a flask equipped with
a stirring bar and sublimation finger as described in ref. . Complex
1 and the diene were dissolved in the corresponding solvent under
dry argon and heated to reflux temperature for the time indicated
in the individual experiments. The crude product was filtered
through a short pad of Celite [ca. 4 cm, eluation with pentane/ether
(4:1)], the solvents were evaporated in vacuo, and the product was
purified as described in the individual experiments (see Table 1).
For spectroscopic and analytical data of vinylcyclopropanes see
Tables 2—5.

Spectroscopic Data of Regioisomeric Vinylcyclopropanes 16, 19a/
b, and of Double Adducts 15a/b/c, 20

16: '"H NMR (300 MHz, CDCly): § = 7.40—7.25 (m, SH, Ph),
587 (qd, J = 6.5, 150 Hz, 1H, 2"-H), 546 (qdd, J = 1.5, 9.0,
15.0 Hz, 1 H, 1’-H), 3.15, 3.10, 2.71 (3 5, 3H each, OMe, NMe,), 2.95
(dd, J = 6.5,9.0 Hz, 1H, 3-H), 2.34 (d, J = 6.5 Hz, 1 H, 1-H), 1.75
(dd, J = 1.5, 6.5 Hz, 3H, 2’-Me). — *C NMR (75.5 MHz, CDCl,):
6 = 1674, 37.1, 36.8 (s, 2 q, CONMe,); 135.3, 128.8, 128.0, 1279,
127.4,126.4 (s, 5 d, Ph, C-1/, C-2%); 72.3 (s, C-2); 55.2 (q, OMe); 35.2,
309 (2 d, C-1, C-3); 18.1 (q, 2’-Me).

15a: 'H NMR (300 MHz, CDCly): § = 7.44—7.25 (m, 10H, Ph),
3.29, 3.26, 3.12, 2.66 (4 s, 3H each, NMe,, OMe); 2.44 (dd, J = 7.0,

Tabie 4. 13C-NMR data of vinyicyclopropanes 3a/b, 5a, 9a/b, 14a, 18a/b, 22a/b, 23, and 25a.
[75.5 MHz, CDCl3, 3 values, Ph signals for all compounds except 25a: s (0 = 140-134), 3 d (8 = 130-127)]

C-1 c-2 C-3 c-2 C-17/C-3° 3'-Me 2°-OMe 1-OMe

O (d) (d) s) (2d) (@ (@ (@
3a 167.0 119.3 149.0 75.1 33.0/30.6 14.2 55.0 51.3
3b 166.7 119.1 149.3 74.1 36.1/27.8 - 11.8 54.8 51.1
5a 166.8 121.4 145.9 71.5 31.4/28.6 7.9 55.7 51.4
9a 118.2 98.5 154.8 75.4 33.7/30.9 14.1 54.9 -
1] 117.8 96.9 156.3 74.3 36.9/28.1 11.7 54.9 -
14a 166.6 118.6 145.5 74.5 33.0/30.0 14.1 56.0 g
18a 166.9 120.5 147.5 75.6 40.7/33.8 b) 55.1 51.5
18b 166.5 120.4 147.7 75.1 37.5/36.3 b) 54.5 51.3
22a 166.5 122.5 144.3 74.7 37.0/33.0 9 55.1 51.5
22b 166.1 122.1 144.5 74.9 34.9/33.6 d) 54.7 51.3
23 166.2 122.5 142.4 721 33.9/33.2 e) 55.5 51.2
25a 167.0 118.4 149.8 68.7 36.5/29.7 15.10) 54.2 51.1

a) 37.2, 35.6 (2q, NMey). - ) Additional signals in the phenyi range. - ©) 169.0, 52.0 (s, g, 3-CO2Me). - 9 168.9, 52.2 (s, q, 3"-

CO2Me). - ©) 167.6, 51.8 (s, q, 3-CO2Me). - ) 13.4 (g, 2"-Me).
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Table 5. Elemental analyses obtained for new compounds 3a, 5a, 9, 14a, 15a, 18a, 22a, and 25a.

Com- Calcd. Found

pound C H N [} H N
3a C15H‘1303 (246.3) 73.15 7.36 - 73.07 7.46 -

5a C15H1803 (246.3) 73.15 7.36 - 72.88 7.40 -

9 C14H15NO (213.3) 78.83 7.09 6.57 78.49 6.81 6.32
14a C16H21NO2 (259.2) 74.114 8.16 5.40 74.48 8.26 5.50
15a C24H29NO3 (379.5) 75.96 7.70 3.69 75.99 7.72 3.80
18a Ca20H2003 (308.4) 77.90 6.54 - 78.07 6.61 -
22a C16H180s (290.3) 66.20 6.25 - 66.74 6.36 -
25a C10H1603 (184.2) 65.19 8.47 - 65.43 8.74 -

9.5 Hz, 1H, 1-H); 2.36 (d, J = 7.0 Hz, 1H, 2-H); 1.43 (quint, J =
6.5 Hz, 1H, 3"-H); 1.20(dd, J = 6.5,9.5 Hz,1H, 1"-H); 0.79 d, J =
6.5 Hz, 3H, 3-Me). — *C NMR (75.5 MHz, CDCLy): § = 167.3,
37.3, 35.1 (s, 2 q, CONMe,); 137.3, 135.5, 129.5, 128.1, 128.0, 127.8
(2,44, Ph); 722, 71.0 (2 5, C-3, C-27); 55.6, 55.5 (2 q, OMe); 37.2,
272,265,264 (4 4, C-2, C-1, C-1, C-3'); 14.3 (q, 3'-Me).

15b: 'H NMR (300 MHz, CDCL): § = 7.43—7.20 (m, 10H, Ph);
3.36, 3.22, 3.15, 3.06 (4 s, 3H each, NMe,, OMe); 2.51 (dd, J = 6.5,
9.0 Hz, 1H, 1-H); 242 d, J = 6.5 Hz, 1H, 2-H); 1.27 (quint, J =
6.5 Hz, 1H, 3"-H); 0.40 (d, J = 6.5 Hz, 3H, 3'-Me); 0.23 (dd, J =
6.5,9.0 Hz, 1H, 1-H). — “C NMR (75.5 MHz, CDCl3): § = 167.5,
37.5, 35.6 (s, 2 q, CONMe,); 137.0, 136.7, 129.6, 128.4, 128.1, 128.0,
127.7 (25, 5 d, Ph); 72.7, 71.2 (2 5, C-2’, C-3); 55.1, 54.7 (2 q, OMe);
32.8,29.7, 294, 25.8 (4 d, C-1, C-2, C-1", C-3'); 13.6 (q, 3"-Me).

15¢ (only a few signals can be assigned): 'H NMR (300 MHz,
CDCl): 8 = 3.34, 3.25, 3.11, 2.70 (4 s, 3H each, NMe,, OMe); 1.41
(d, J = 7.0 Hz, 3H, 3-Me). — ®C NMR (75.5 MHz, CDCl): § =
167.8, 374, 35.3 (s, 2 ¢, CONMe,); 71.9, 71.0 (2 s, C-3, C-2"); 55.5,
554 (2 q, OMe).

19a: '"H NMR (300 MHz, CDCly): 8 = 7.55—6.77 (m, 10H, Ph),
6.57 (d, J = 16.0 Hz, 1H, 2'-H), 5.30 (dd, J = 9.5, 16.0 Hz, 1H,
1’-H), 3.80 (s, 3H, CO,Me), 3.10 (s, 3H, OMe), 2.30—1.40 (m, 2H,
1-H, 3-H).

19b: 'H NMR (300 MHz, CDCL): 8 = 7.55—6.77 (m, 10H, Ph),
6.41 (d, J = 16.0 Hz, 1H, 2’-H), 5.50 (dd, J = 9.5, 16.0 Hz, 1H,
1’-H), 3.45 (s, 3H, CO,Me), 3.05 (s, 3H, OMe), 2.47—2.39 (m, 2H,
1-H, 3-H).

20: '"H NMR (300 MHz, CDCly): 8 = 7.55—6.77 (m, 15H, Ph);
3.46 (s, 3H, CO,Me); 3.22, 3.06 (2 s, 3H, each, OMe); 2.30—-1.40
(m, 4H, 1-H, 2-H, 1"-H, 3’-H). — *C NMR (75.5 MHz, CDCl):
& = 170.2, 51.6 (s, q, CO,Me}; 137.3—125.7 (Ph); 73.8, 73.2 (2 s,
C-3, C-27); 55.5, 55.3 (2 q, OMe); 37.8, 35.3, 29.8, 27.2 (4 d, C-2,
C-3, C-1, C-1").

* Dedicated to Professor Klaus Hafner on the occasion of his 65th
birthday.

m 11\39 Buchert, Dissertation, Technische Hochschule Darmstadt,

2.

¥ Recent reviews: K. H. Détz, Angew. Chem. 1984, 96, 573 — 594;
Angew. Chem. Int. Ed. Engl. 1984, 23, 587. — R. Aumann, An-
gew. Chem. 1988, 100, 1512 —1524; Angew. Chem. Int. Ed. Engl.
1988, 27, 1456. — W. D. Wulff, in Comprehensive Organic Syn-
thesis (Ed.: B. M. Trost, 1. Fleming), Pergamon Press, Oxford,
1991, vol. 5, p. 1065—1113. — H.-U. ReiBig in Organic Synthesis
Highlights (J. Mulzer, H.-J. Altenbach, M. Braun, K. Krohn,
H.-U. ReiBlig), VCH, Weinheim, 1991, p. 186 —191.

BYE. O. Fischer, K. H. Détz, Chem. Ber. 1972, 105, 3966 — 3973.

¥ Ul B, O. Fischer, K. H. Détz, Chem. Ber. 1970, 103, 1273 — 1278,
— U K. H Détz, E O. Fischer, Chem. Ber. 1972, 105,
1356 —1367.

Chem. Ber. 1992, 125, 2723 —2729

Bl Review: H.-U. ReiBig, Top. Curr. Chem. 1988, 144, 73 —136.

el A Wienand, H.-U. ReiBig, Organometallics 1990, 9,
3133—3142. — ™ A Wienand, H.-U. ReiBig, Chem. Ber. 1991,
124, 957—-965.

' M. Buchert, H.-U. ReiBig, Tetrahedron Lett. 1988, 29,
2319-2320.

B W, D. Wulff, D. C. Yang, C. K. Murray, J. Am. Chem. Soc. 1988,
110, 2653 —2655.

Bl J. W. Herndon, S. U. Tumer, J. Org. Chem. 1991, 56, 286 —294.
— J. W. Herndon, G. Chatterjee, P. P. Patel, J. J. Matasi, S. U.
Tumer, J. J. Harp, M. D. Reid, J. Am. Chem. Soc. 1991, 113,
7808 — 7809.

"D F. Harvey, K. P. Lund, J. Am. Chem. Soc. 1991, 113,
8916 —8921.

UL H. Fischer, J. Hofmann, Chem. Ber. 1991, 124, 981 —988.

2 B, C. Séderberg, L. S. Hegedus, M. A. Sierra, J. Am. Chem. Soc.
1990, 7112, 4364.

31§ Kobbing, J. Mattay, Tetrahedron Lett. 1992, 33, 927—930.

Y M. Buchert, H.-U. ReiBig, unpublished results.

U5 A, Wienand, Dissertation, Technische Hochschule Darmstadt,
1990.

16 A detailed mechanistic interpretation of these results will be
presented in a future paper.

U7 If formed, this (Z,E)-diene should react considerably slower at
the (Z)-substituted double bond (compare 4—35).

['8] Reasonably stabilized 1,3-zwitterions should be the intermedi-
ates involved. The rearrangements of donor-acceptor-substi-
tuted vinylcyclopropanes will be reported in a subsequent pub-
lication; M. Buchert, H.-U. ReiBig, unpublished results.

9 For a discussion of NMR data of related cyclopropane deriv-
atives see: H. Booth, Progress in Nuclear Magnetic Resonance
Spectroscopy, Pergamon Press, Oxford, 1969, vol. 5, p. 129, —
I. Reichelt, H.-U. ReiBig, Chem. Ber. 1983, 116, 3895—3914.

29y, Ueda, C. E. Damas, B. Belleau, Can. J. Chem. 1983, 61,
1996 — 2000.

21 S, Tsuboi, T. Masuda, H. Makino, A. Takeda, Tetrahedron Lett.
1982, 23, 209 —212.

P2 0. Doebner, A. Wolff, Ber. Dtsch. Chem. Ges. 1901, 34,
2221-2223.

3 G. Btemad-Moghadam, J. Seyden-Penne, Tetrahedron 1984, 40,
5153 —-5166.

@4J. A. Elvidge, R. P. Linstead, B. A. Orkin, P. Sims, H. Baer, D.
B. Pattison, J. Chem. Soc. 1950, 2232 —-2235.

1 E. O. Fischer, B. Heckl, K. H. Détz, J. Miiller, H. Werner, J.
Organomet.Chem. 1969, 16, P29 —P32.

28 E. O. Fischer, A. Maasbél, Chem. Ber. 1967, 100, 2445 —2456.

CAS Registry Numbers £205/92]

1: 27436-93-7 / 2: 689-89-4 / 3a: 118100-06-4 / 3b: 117993-68-7 /

4:30361-31-0 / Sa: 143394-47-2 / 5b: 143394-48-3 / 6: 35684-10-7 /

7:35684-09-4 / 8: 92803-38-8 / 9a: 143331-72-0 / 9b: 143394-49-4 /

10: 143394-50-7 / 11: 143394-51-8 / 12: 143394-52-9 / 13: 58751-

70-5 / 14a: 143331-73-1 / 14b: 143394-53-0 / 15a: 143331-74-2 /

15b: 143394-54-1 / 15¢: 143394-55-2 / 16: 143331-75-3 / 17: 24196-

39-2 / 18a: 118100-07-5 / 18b: 117993-69-8 / 19a: 143394-56-3 /

19b: 143394-57-4 / 20: 143395-10-2 / 21: 1119-43-3 / 22a: 117993-

72-3 / 22b: 118100-08-6 / 23: 143394-58-5 / 24: 17300-43-5 / 25a:

118100-10-0 / 25b: 118100-09-7



