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ABSTRACT - Dichlorocyclopropanation as well as epoxidation of
the 1,4-diarylbutadienes 1 - 4 to give the mono- and/or bis-
adducts according to several methods were studied. Dichloro-
cyclopropanation is more affected than epoxidation by sterical
hindrance of large substituents as 2,6-dichlorophenyl. The bis-

adducts are formed preferably as meso-

The reaction of CCl2 with diolefins,
which are capable of adding two moles
of CCl2 to give bis(dichlorocyclopro-
pyls), have been studied primarily
with dienes having alkyl substituents.
In the reactions of symmetrically sub-
stituted dienes the expected meso- and
d,l-diastereomers were formed, and in
several cases they could be separated
and their stereochemistry assigned 1,
For all the compounds thus far inve-
stigated it was found, that the meso-
isomers display lower dipole moments,
higher melting points,
chromatographic retention times than
the 4,1-forms.

Addition of the bulky CCl2 group to
a diene results in a monoadduct, which
is highly predisposed to add a second
CCl2 group on the side opposite to
that of the first addition.
sults in the formation of mesoy or
threo.bisadducts in hjigh yields rela-

This re-

tive to d,1-, or erythro- bisadducts.
when CClZ
the phase transfer method

However, is generated by

2 it is very

reactive even toward sterically hinder-

ed olefins 3. Therefore, it appeared
of interest to examine the reactions
of CC12, generated by the phase trans-
fer method, with a series of 1,4-di-

arylbutadienes which vary in degree of

(or threo-) isomers.

and shorter gas-

steric hindrance. The compounds 1 - 4
were chosen for investigation because
of their accessibility, simplicity,
and expected ease of comparison.

We sought to study the influence of
diene substituents on the regioselec-
tivity of monoaddition to the unsym-
metrical dienes (2, 3}, to examine
the relative degree of bisadduct for-
mation in the four compounds, and to
estimate the meso/d,l, or threo/ery-
thro ratios in these reactions. At
the same time, it appeared useful to
study the reactivity of the same four
dienes in an analogous reaction, ep-
oxidation. Here, too, three-membered
ring formation takes place but the
difference in size between the small
oxygen atom and the large CCl2 might
provide more detailed information on
the stereochemical demands of the
first and second steps of bisadduct

formation in the reaction of dienes.
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Results and Discussion

Compounds 1-3 were known materials,
but compound 4, not previously prepar-
ed, was synthesized by two Wittig re-
actions. 2,6-Dichlorobenzaldehyde (6)
was treated with the stabilized yliad
14 to give 2,6-dichloro cinnamaldehyde
(8) which was converted with 2,6-di-

chlorobBenzyl triphenylphosphonium chlo-

ride (9) to a readily separable mix-
ture of 83% 4 and 7% 5.

Ph3P=CH—CHO (7)
s

Ar-CHO Ar-CH=CH-CHO
6 8

s . - 8
ArCH,PPh,C1 (9)
> 4 + 3

The addition of CCl, to 1 has been

carried out in two ways: with a slight
excess of HCCl3 in CH2C12 as a solvent
(method A), and with a large excess of
HCCl3 which also served as solvent

(method B). The results, summarized in
Table 1,
or bisadduct is strongly dependent on

the amount of HCC13.

show that formation of mono-

Table 1. Dependence of CCl,-mono (10),
meso-bis (11a), and 4,1-bis-

adducts (11b) on reaction
conditions
method isolated yield, %
10 11a 11b
. 65 14
B 6 61 12

2 [3 Y [3

10: X = C012 11a, 13a, 16a
12: X =0 X Y

11b, 13b, 16b

| X Y

11a, 11b ccl, cc}z
13a, 13 o) o
16a, 16 ccl 0

The dipole moments of 11a (1.1 D)
and 11b (2.5 D}, and the melting
points (see Table 2) are consistent
with the stereochemical assignment.
The 1H-NMR spectra show a downfield
shift of about 0.5 ppm for 2-H of 11b
in comparison to 1la, because the
main conformation of 11b pushes 2-~H
to the deshielding area of the chlo-
rine atoms. This is in good agreement
with observations on CC12—bisadducts
of similar structure which have Me
instead of Ph1c.

The epoxidation reaction of 1 show-
ed some peculiar results. Treatment
of 1 with molar amounts of m-chloro-
perbenzoic acid (MCPBA) in CHZClz at
0 °C (method C) gave no trace of the
monoepoxide 12, but 58% of the addi-
tion product5 14 and a small amount

of meso-bis epoxide 13a.

OH OH
oh )th oh Ph
00 _ ¢ 0co0 ¢
14 15

However, 12 could be isolated in
high yield (74%) via the biphase al-
kaline procedure with MCPBA and aque-
ous NaHCO, (method g)e, but even in
this case 8% of 14 were formed. With
excess MCPBA in the usual way (method
D), 84% of bisepoxide 13a was obtain-
ed (perhaps very small amounts of the
d,l-isomer 13b remained in the mother
liquor). The bisepoxide 13a is clear-
ly not acid sensitive. The high re-
activity of 12 with protons is readi-
ly understood by formation of a
strongly stabillized cation after ring
cleavage of the protonated epoxide.
This driving force is absent with
bisepoxide 13a. Even 14 yields a
stable epoxide 15 after the usual
treatment with MCPBA.
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Although only one bisepoxide was iso-
lated, its assignment as the meso-iso-
mer 13a seems doubtless. In addition to
the high melting point, 158-160 °C,
the formation of one isomer is signifi-
cant. Epoxidation of 10 leads te a mix-
ture of two epoxides 16 with 54% and
28% yield. Again we assume that attack
to the less hindered side should give
preferably the higher melting 16a with
threo- (quasi-meso) stereochemistry.

In view of the fact 10 reacts with a
second Ccl2 to give a ratio of ca. 5:1
for meso/d,l bisadduct 11 formation
and since it reacts with MCPBA to give
the corresponding threo/erythro bisad-
ducts 16 in a ratio of ca. 2:1, one
would have expected that epoxidation
of the monoepoxide, 12, would yield
the analogous meso- and d,l-adducts
13a and 13b, in nearly equal amounts.
However, 13b was not detected and must
be formed to a much smaller degree
than even 11b. It is not clear why
this is so, but it may be due to the
difference in the conformations of the
monoolefins 10 and 12 as well as the
differences in interactions of the at-
tacking species (CCl2 or MCPBA) with
the three-membered rings already pre-
sent. Further study of this point is
necessary.

The two double bonds of diolefin 2
should differ greatly in their reacti-
vity, because of the large steric hin-
drance due to 2,6-dichlorosubstitution.

Therefore it is not surprising that
even with a large excess of HCCl3
(method B) the monoadduct 17 is the
major product. The structure of 17 was
proven unambiguously by ozonolysis to
give the phenylcyclopropane carboxylic
acid 18 and 2,6-dichlorobenzeoic acid
(19).

The bisadduct 20a‘could be isolated
in only 23% yield. Steric hindrance
for formation of the erythro-isomer
20b must be too great since no trace
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was detected. Reaction of 2 accord-

ing to method A gave a very surpris-
ing result. Instead of dichlorocyclo-
propanation, chlorination took place.
This reaction is described in the

following paper9

X Bh COOH
PhALARAAT
17: X = ccl, Cl Cl
21: X =0 18
Ar-COOH
19
X 3 X Y
PhN ) Ar Ph/Q/Q/Ar
20a X, Y = CcCl, 20b
22a X, ¥Y=0 22b
23a: X = CCl,, ¥ = O
X X
ph/<l/ﬁ ph/<l/h
Ar Ar
24: X = CCl2 26a: X, Y =0
25: X =0 27a: X

Epoxidation also showed the steric
hindrance by the bulky aryl group,
but again to a smaller extent. MCPBA
(method g) gave, together with some
starting material, 56% of the monoep-
oxide 21 and 4% bisepoxide 22a/b-mix-
ture. Using method D, after 7 days of
reaction, 40% 21, 26% crystalline ggg,
and 19% oily 22b were isolated by
chromatography. Epoxidation of the
CClz-monoadduct 17 was achieved with
an excess of MCPBA and longer reaction
time to give 19% 23a as the only pro-
duct, obviously with an analogous con-
figuration.

The isolation of the (E,Z)-isomer 3
from the Wittig reaction mixture al-
lowed us to investigate the influence
of the stereochemistry of ¢he more
hindered double bond.

with previous results

In agreement

3c the product

ratio indicates that a strongly
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hindered double bond is even less re-
active as the (Z)-isomer toward CCl,
than as the (E)-isomer. After 32 h re-
fluxing (method B) we isolated 91% mo-
noadduct 24 only; even with excess
MCPBA after 7 days 65% monoepoxide 35
and only 4.5% bisepoxide 26a were iso-
lated. In addition. 10% 22a was formed
by isomerization of the double bond
during the epoxidation procedure. Fi-
nally, the reaction of the monoadduct
24 with MCPBA illustrates the decreas-
ed reactivity of the (2)-double bond.
Under the same conditions described
above, we obtained only 4% epoxide
27a, and 5% isomerized compound 23a.
Rapeated treatment of 24 with excess
CCl2 gave no further reaction. The
starting material could be recovered.

The symmetrical diolefin 4 having
two equally hindered double bonds
could be converted to the monoadduct
28 in 10% yield. Most of the starting
material remained, and bisadduct could
not be detected.

X X
Ar/‘;L/*tz’Ar Ar/”<L1§>//Af

28: X = CC12 30a: X = 0O
29: X =0 3la: X = CCl2
Reaction with an excess of MCPBA al-

so leads preferably to the monoepoxide
29. Repeated treatment of 29 with ex-
cess MCPBA gave, in addition to some
unchanged starting material, 26% of
the bisepoxide 30a, the meso-isomer.
Epoxidation of 28, on the other hand,
furnished the epoxide 31a in 36% yield

after 14 days.
Conclusion

It is possible to determine the re-
lative configuration of meso- and d,1-
bisadducts of CCl2
diarylbutadienes by comparison of

or oxygen to 1,4-

their melting points, dipole moments,

1

H-NMR gpectra, and yields. In case

both isomers are obtainable, one or

two of these parameters are sufficient

A. 2,6-Dichlorocinnamaldehyde
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for an assignment. If only one isomer
is formed, it will generally be the
Both of the

reactions investigated, dichlorocyclo-

meso- {(or threo-) form.

propanation and epoxidation, are con-
siderably depressed by substitution
with the large 2,6-dichlorophenyl
group, but the dichlorocyclopropana-
tion is affected to g much greater ex-
tent. Sterically hindered double bonds
are less reactive toward these attacks
in the (Z)- than in the (E)-configura-
tion.

EXPERIMENTAL

1H—NMR spectra:

in CDC13, Bruker WH-
270 (Me,Si, &= 0 ppm).- 13C-NMR spec-
tra: in CDCl,, Varian CFT-2Q0. IR spec-
tra: Perkin-élmer 257. Dipole moments:
in cyclohexane, at 20 °C, WTW-01 di-
polemeter. Ozone generator: Fisher
501. - Elemental analysis: Institute
of Organic Chemistry, TU Berlin 16 _
Column chromatography: on silica gel
with petroleum ether/ether (P/E). -
All organic phases were dried over

MgSO4.
(E,E)- (2) and (E,2)-1-Phenyl-4-(2,6-
dichlorophenyl)-1,3-butadiene (3)

The c¢rude mixture obtained by reaction
of cinnamyl triphenylphosphonium chlo-
ride and 2,6-dichlorobenzaldehyde (6)
in presence of BulLi according to

1it.10 was chromatographed with P/E
(98:2) to give 51% of 2: m.p. 107 °C
(1it.10 p.p. 107-108 °C). - "H-NMR: &
6.75 (dd, J = 16; 10 Hz, 2-H), 6.99
(ad, J = 16; 10 Hz, 3-H), 7.09 (4, br,
J = 16 Hz, 1-H), 7.11 (4, br, J = 16
Hz, 4-H), 7.35-7.55 {(m, H-Ph), and

308 of 3: m.p. 32 °C (lit.!0 oi1y). -

IA-NMR: 6 6.34 (a4, J = 10; 5 Hz, 3-H),
6.59 (dd, J = 15; 5 Hz, 2-H), 6.65 (4,
br, J = 10 Hz, 4-H), 6.79 (4, br, J =
15 Hz, 1-H), 7.25-7.35 (m, H-Ph).
(E,E)- (4) and (E,2)-1,4-Bis(2,6-di-

chlorophenyl)-1,3-butadiene (5)

(8) .

A solution of 2.25 g (13 mmol) 6 and
4.50 g (13.8 mmol) phosphorane 14 in
60 ml of benzene was refluxed for 24
h. After removal of benzene the resi-
due was extracted with a small amount
of cold ether. 3.8 g of a crude solid
remained after ether evaporation and
was chromatographed with P/E (96:4)

to give 1.4 g (60%) of 8: m.ps, S3 °C.
l4y-NMR:8 6.93 (dd, J = 16; B Hz, 1-H),
7.3-7.4 (m, H-Ph), (d, J = 1& Hz,

7.66
2-H), 9.73 (4, J = 8 Hz, CHO).

B. 2,6-Dichlorobenzyl triphenylphos-
phonium chloride (9)
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Table 2. Melting points and 1H—NMR spectral data® for mono-
and bis-adducts of CCl, and oxygen to dienes 1 - 4
Compound m.p. Chemical shifts, & J, Hz
© - - - -
C 1-H 2-H 3-H 4-H 91'2 22'3 23,4

10 P oily 2.92 2.76 6.15 6.77 ) 8 16

11a °r€ 186 ¢ 2.82 1.92 1.92 2.82 6 0

11b b.c 110 ¢ 2.78 2.45 2.45 2.78 7 0

12 P 60—63 £ 3.90 3.33 6.08 6.83 2 8 16

13a € 158-160 9 3.93 3.19 3.19 3.93 1 0 1

16a b 103 3.00 2.36 3.37 3.82 8 3.5

16b P 64  2.88 2.12 3.20 3.95 8 7

17 h 75—177 2.96 2.82 6.27 6.79 8 8 16

20a b 139-142 2.88 2.08 2.55 3.06 8.5 7 8.5

21 h 42— 44 3.90 3.59 6.23 6.87 2 7 16

22a h 77 4.04 3.36 3.48 4.04 2 3.5 2

22b B oily 4.03 3.32 3.40 4.06 2 3.5 2

23a b 135 3.05 2.58 3.66 3.88 8 2.5 2

24 h oily 2.81 2.40 5.90 6.59 * 8 8 11

25 h 85 3.88 3.23 5.76 6.60 2.5 9 11

26a h 145 3.93 2.61 3.36 4.19 2 6.5 4

27a h oily 2.72 2.18 3.86 4.20 8 2 3.5

28 b 112-114 2.79 2.98 6.25 6.86 8 8 16

29 b 184-186 4,02 3.77 6.28 6.98 2 7 16

30a b.c 172-175 4.18 3.56 3.56 4.18 1 0 1

31a h 167-169 2.87 2.31 3.34 4.29 8 8 2

a 270 MHz, in CDCl,, in ppm relative to TMS; for numbering see

formula. - The aromatic protons show multiplets from 7.25-7.35.

€ These spectra are of the AA'BB'-type; interprstation by first

order analysis is possible at 270 MHz. - Lit.”® m.p. 179 °c. -

€ Lit.3@ m.p. 110 °c. - £ pit.’ m.p. 73.5 °c. - 9 Lit.8 m.p. 165-

167 °c. - N The aromatic protons show multiplets from 7.15-7.35. -

i Allylic coupling of 1 Hz.

Satisfactory analytical data were reported for all new compounds

listed in the table (see 16),
A mixture of 40.0 g (155 mmol) Ph._P, refrigerator, the crystals were fil-
29.0 g (149 mmol) 2,6-dichlorobenzyl tered and dried to give 1,73 g (83%,
chloridell and 15 ml of benzene was regarding the converted 8) of 4:
refluxed for 1 h. After cooling the m.p. 161 °c. - lH-NMR: &6 6.83, 7.14
solid was washed repeatedly with ether (AA'BB'-system, 1-,2-,3-,4-H), 7.3-7.4
to remove starting material. Recrys- (m, H-Ph).

tallization from CHCl3 gave 60.0 g
(88%) 9: m.p. 268 °C.

C. Wittig reaction in two phase sys-
teml? of 8 with 9

7.5 ml of 50% ag. NaOH were slowly
added to a stirred mixture of 7.0 g
(16 mmol) 9 and 3.0 g (15 mmol) 8 in
10 mle.of CHyCly, after 40 min 100 ml
of CHyCly; and 75 ml of water were add-
ed, and after shaking, the phases were
separated. After removal of the CH,;Cl,
the residue (9.0 g) was dissolved in
30 ml of warm EtOH. After 6 h in the

The concentrated mother liquor of 4
was treated with cold petroleum ether
to remove Ph3P0, after evaporation,
the residue was chromatographed with

P/E (95:5). Besides 1.8 g unreacted 8
as 2nd fraction, 0.15 g (7%) isomer 5
was isolated as 1st fraction, m.p. -
82-85 °C. - "H-NMR:8 6.34 (dd, J = 10;
7 Hz, 3-H), 6.45 (d, J = 10 Hz, 4-H),
6.67, 7.29 (m, t~-, 2-H), 7.3-7.4 (m,
H-Ph) .

General Procedure for the Generation
of CCly (Dichlorocyclopropanation)
Method A (slight excess).
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& ml of 50% agq. NaOH were slowly
dropped to a stirred mixture of Smmol

diolefin, 8 ml of CHClj3, 0.2 g benzyl-
triethylammonium chloride (BTEAC) and
at room temp. After 4

50 ml of CH2C1
h refluxing ané stirring over night
at room temp. the mixture was diluted
with 500 ml of water and separated.
The agueous layer was extracted with
a small portion of CHyCl;, and the
combined organic phases were washed
with water. After removal of the sol-
vent, the residue was purified by di-
stillation, crystallization, or chro-
matography.

Method B (large excess).

25 ml of 50% aq. NaOH were slowly
dropped toc a stirred soln of 5 mmol of
diolefin, 0.2 g BTEAC, and 60 ml of
CHC13, further reaction and work up as
described under method A.

General Procedure for the Epoxidation
with m-Chloroperbenzoic Acid (MCPBA).
Méthod ¢ (molar amounts).

A soln of 1.8 g (10.5 mmol) MCPBA in
80 ml of dry CHyCl); was slowly dropped
under ice cooling te a soln of 10 mmol
of dioclefin in 56 ml of dry CH2C12.
After stirring 4 h at 0 °C and 12 h at
room temp., the mixture was thoroughly
washed with saturated solns of NaHSO3,
NaHCO3, and NaCl. After removal of the
solvent under reduced pressure, the
residue was purified as described be-
low.

Method D (excess MCPBA).

A soln of 2,0 g (12 mmol) MCPBA in 75
ml of dry CH,Cl, was slowly added un-
der 1ce cooling to a soln of 5 mmol

of diolefin in 25 ml of dry CH2C12.
Thereafter the mixture was stored in

a refrigerator for 24 h and again
stirred for 12 h (or longer, see below)
at room temp. Work up as descibed un-
der method C.

Method E (alkaline biphase solvent
system) .
0.86 g (5 mmol}) MCPBA were slowly add-

ed to a stirred mixture of 5 mmol of
diolefin and 15 ml of 0.5 M aq. NaHCOj3.
After 24 h stirring at room temp., the
organic phase was separated and suc-
cessively washed with 30 ml of 1 N aq.
NaOH (twice) and 50 ml of water. Fur-
ther work up as desribed under method
C.

1,1-Dichloro-t-2-phenyl-r-3-[(E-2"'-
phenylethen-1'-yl)lcyclopropane (10)

From 1.03 g lll according to method A.

The crude product (2.4 g) was chroma-
tographed with P/E (97:3) to give
0.23 g 1, 0.43 g (14%) bisadduct lla,
and 0.70 g (65%) 10 as a viscous oil
3rd fraction). !3c-nmMr13: & 38.4 (4,
c-3), 4.1 (4, c-2), 65.9 (s, C-1).
meso- (11a) and 4,1-2,2'-Bi(1,1-4di-

chloro-t,t-3,3-diphenylcyclopropyl)

M. ABUL HASHEM e! al.

(11b)

From 1.03 g 1, method B. The crude
product (2.35 g was fractionally
crystallized from ether to give 1.03 g

(61%) lla. The combined mother liquors
were chromatographed with P/E (97:3)
to give 0.05 g 1, 0.01 g 1la, and

0.32 g of a mixture, which was repeat-
edly chro&atographed to yield 0.08 g
(6%) 10 and 0.22 g (12%) 11b. -

11a {11b]: !3c-NMR: § 35.5 [34.6]) (4,
c-2), 41.5 (40.7] (4, C-3), 64.3
[64.1](s, C-1). - Dipole moment: lla

[11b]: 1.08 P [2.53 DJ.
t-2-Phenyl-r-3- [(E)-2'-phenylethen-1"'-
-yll-oxirane (12)

From 1.03 g 1, method E. The crude
product (1.05 g) was recrystallized
twice from P/E (95:5) to give 0.82 g
(74%) 12, - 13c-NMR: 8 60.7 (&, c-2),

62.9 (ET C-3). - The mother ligquors
contain mostly compound 14.

meso-2,2'-Bi(t,t-3,3-diphenyloxiranyl)
(13a)

From 1.03 g 1, method D. The crude
product (1.7 g) was dissolved in P/E
(7:3) and stored for 5 4 in a refrig-

erator. 0.98 g (852) bisepoxide 13a
were isolated. - l13C-NMR: 6 56.8 (q,
c-2), 60.5 (4, C-3).

1,4-Diphenyl-(E)-3-butene-1,2-diol-1~
m~chlorobenzoate (14)

From 3.09 g 1, method C. The crude
product (5.0 g) was chromatographed
with P/E (3:1) to give 0.6 g 1, 0.06 g
(2%) 13a and 2.8 g colourless crys-

tals. After recrystallization from
ether 2.56 g (58%) of 14 were isolat-
ed, m.p. 91 °C. - IR: 3600 (OH), 1730
cm~! (coy. - 1H-NMR: 6 2.50 (d, J = 4
Hz, OH), 5.00 (dd, J = 6 ; 4 Hz, 1-H),
5.87 (a4, J = 7; 6 Hz, 2-H), 6.12 (dd,
J = 16; 7 Hz, 3-H), 6.63 (4, J =_16

Hz, 4-H), 7.4-8.0 (m, H-Ph). - l3c-
NMR: 6 75.9 (4, C-1), 79.0 (4, c-2),
164.6 (s, CO).

t-2-(1'-m-Chlorobenzoyloxy-2'-hydroxy-
-2'-phenylethyl)-r-3-phenyloxirane

(15)

From 2.2 g (6 mmol) 14, method D, but
2 d at room temp. The crude product
(2.0 g) was chromatographed with P/E
(1:1) to give 0.6 g 14, and 1.20 g

(72%) 15, m.p. 135-138 °C (from ether/
CH2C12 1:1). - IR: 3605 (OH), 1730
em~! {co). - lu-NMR: 4 2.60 (4, J = 2
Hz, OH), 3.07 (dd, J = 6; 2 Hz, 2-H),
3.50 (4, J = 2 Hz, 3-H), 5.06 (dd, J
= 8; 2 Hz, 2'-H), 5.32 (dd4, J = 8; 6
Hz, 1'~H), 7.0-8.1 (m, H-Ph). - l3c-
NMR: § 57.1 (4, €-2), 60.9 (4, Cc-3),.
74.5 (4, €c-2'), 78.3 (4, Cc-1'), 165.1
(s, CO}).

threo- (l16a) and erythro-t-2-(1',1"'-

-Dichloro-t-3'-phenylcycloprop-r-2"'-
yl)-r-3-phenyloxirane (16b)

(10 mmol) 10 and 1.80 g

From 2.88 g
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(15 mmol) MCPBA,
room temp. The

method D, 36 h at
crude product (3.3 g)
was repeatedly chromatographed with
P/E (98:2) and crystalli2ed from P/E
(8:2) to give 1.25 g (41%) 16a and
0.65 g (21%) 16b. - 16a [16b]:13Cc-NMR:
8 35.7 36.0 (@, ¢c-2'), 37.3 138.7
(d, ¢~-3'), 57.5[57.5) (a4, c-2), 58.7
[61.1]1(d, c-3), 63.0 [63.2] (s, Cc-1").

1,1-Dichloro-t-2- [(E)-2'~-(2,6-dichloro-
phenyl)-ethen-1'-yl]-r-3-phenylcyclo-
propane (17).

From 1.10 g (4 mmol) 2, method B, but
15 h refluxing. The crude product (2.2
g) was chromatographed with P/E (99:1)
and again with P/E (97:3). After 0.15
g 2, 0.48 g (39%) of 17 were obtained.
13c.NMR: & 36.7 (4, c-2), 42.2 (4,
c-3), 65.6 (s, C-1).

threo-t-3-Phenyl-t-3'-(2,6-dichloro-
phenyl)-bi(l,1'-dichlorocycloprop-2-yl)
(20a).

From 1.10'g (4 mmol 2, method B, but
48 h refluxing. The crude product (1.7
g) was chromatographed with P/E (99:1).
After 2 days in a refrigerator, 0.41 g
(23%) of 20a crystallized. 13c-NMR: &
36.0 (4, c¢c-2), 37.8 (a, c-2'), 40.7 (d,
c-3), 41.0 (4, ¢c-3'), 64.6 (s, C-1),
65.1 (s, C-1'}). - From the mother lig-

uors 0.53 g
by chromatography with P/E

(37%) 17 can be isolated
(99.5:0.5).

t-2- [(E)-2'-(2,6-Dichlorophenyl)ethen-
-1'-yl}-r-3-phenyloxirane (21).

From 275 mg (1 mmol) 2, method C. The
crude product (255 mg) was chromato-

graphed with P/E_(97:3) to give 152 mg
(56%) of 21. - C-NMR: § 60.7 (4, c-2),
62.6 (d, €-3). - 14 mg of 22a,b were

obtained as 2nd fraction.

threo- (22a) and erythro-t-3-Phenyl-t-
-3'-(2,6-dichlorophenyl)-2,2'-bi-

oxiranyl (22b).

From 0.55 g (2 mmol) 2,
at romm temp. The crude product (0.70
g) was chromatographed with P/E (95:5)
to give 0.23 g 21, and 0.30 g of 22a,b.
After 3 4 in a refrigerator 0.14 g 22a
crystallized from petroleum ether. The
mother liquor was repeatedly chromato-
grphed with P/E (8:2) to give further
0.02 g of 22a (total yield 26%) and
0.12 g (19%) of 22b. - 22a [ 22bl: !3c-
NMR: § 54.0 [53.5] (4, Cc-2), 56.5 [56.0]
(d, c-2'), 58.6 [58.3] (4, €c-3), 59.9
[59.6 ] (a4, €c-3").

t-2R*-(1',1'-Dichloro-t-3'-phenylcyclo-
prop-r-2'R*-yl)-r-3-(2,6-dichlorophenyl)

method D, 7 d

oxirane (23a).

From 0.36 g (1 mmol) 17, method D, 7 4
at room temp. The crude product (0.35 g)
was dissolved in P/E (95:5). After 1 4
in a refrigeratorj 72 mg (19%) 23a
crystallized. - C-NMR: & 35.3 (4,
C—2u), 36.3 (4, ¢c-3'), 55.2 (4, c-2),
56.5 (d4, C-3), 63.0 (s, C-1'). - From

the mother liquoxr 0.26 g 17 could be
obtained.
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1,1-Dichloro-t-2-[(2)-2"'-(2,6-di
chlorophenyl)ethen-1'-yl]-r-3-
phenylcyclopropane (24).

From 1.10 g (4 mmol) 3, method B,

32 h refluxing. The crude product
(1.8 g) was chromatographed with P/E

(98:2) to give 1.3 g (91%) of 24. -
13c.uMr: § 34.8 (4, Cc-2), 42.6 (4,
c-3), 65.6 (s, C=l).

t-2-[(Z)-2-(2,6-Dichlorophenyl)ethen-
-1-yl]-r-3-phenyloxirane (25) and
threo-t-3-Phenyl-c-3'-(2,64dichloro-
phenyl)=-2,2'-bioxiranyl (26a).

(4 mmol) 3, method D,
The crude product

From 1.10 g
7 4 at room temp.

(1.3 g) was chromatographed with P/E
(95:5) to give 0.76 g 25; C-NMR:
4 59.6, 59.7 (4, Cc-2, -3), and 0.19

g of a 22a/26a mixture. This was dis-
solved in ether and petroleum ether
was added until the soln becomes

cloudy. Aftexr standing overnight in
a refrigerator 54 mg (4.5%) of crys-
talline 26a were obtained. - C-NMR:
é§ 54.4 (4, c-2), 56.0 (4, C-2'), 57.3
(da, ¢-3), 59.9 (4, €c~3'). - The moth-
er liquor contains 0.12 g (10%) 22a.

c-2R*-(1',1'-Dichloro~-t-3'-phenyl-
cycloprop~-r-2'R*-yl)-r-3-(2,6-di-
chlorophenyl)oxirane (27a).

From 1.07 g (3 mmol) 24, method D,

7 4 at room temp. The crude product
(1.05 g) was chromatographed with P/E
(97:3} to give 0.75 g 24, 43 mg (4%)
27a; C-NMR: 8§ 33.5 (4, ¢-2'), 36.8
(¢, ¢c~-3'), 54.1 (4, c-2), 54.8 (4,
c-3), 63.1 (s, C-1'); and 0.12 g of

a mixture. The latter was treated
with ether and stored for 3 weeks in
a refrigerator. Thereafter 55 mg (5%)
of 23a could be isolated.

1,1-Dichloro-t-2-[(E)-2'-(2,6-di-~
chlorophenyl)ethen-1'-y1]-r-3-(2,6-
dichlorophenyl)-cyclopropan (28).

From 1.03 g (3 mmol) 4, method B,

24 h refluxing. The crude product
(1.1 g) was chromatographed with P/E
(97:3) to give 0,72 g 4, and 0.13 g
(10%) of 28. - C-NMR: 6§ 40.2 (4,
c-2), 42.1 (4, Cc-3), 66.1 (s, C-1).

t-2-[(E)-2'-(2,6-Dichlorophenyl) -
ethen-1'-y1]-r-3-(2,6-dichloro-
phenyl)oxirane (29).

From 1.03 g (3 mmol) 4, method D,
at room temp. Recrystallization of
the crude product (1.1 g) from
CH;Cl,/ether (1:1) gave 0.98 g (85%)
of 29.

5 d

meso-2,2'-Bif(t,t-3,3'-bis(2,6-di-
chlorophenyl)loxiranyl (30a).

From 0.72 g (2 mmol) 29, method D,

15 d at room temp. The crude product
(0.52 g) was chromatographed with P/E
(9:1) to give 0.21 g 29, and 0.21 g
(26%) of 30a.- C-NMR: § 53.5 (4,

c-2), 58. (d, C-3).

threo-t-2-[1',1'-Dichloro-t-3'-(2,6-
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-dichlorophenyl)-cycloprop-r-2'-yljl-
-r-3-(2,6-dichlorophenyl)oxirane (3la).

(0.2 mmol) 28 and,172 mg

From 80 mg

(1.0 mmol) MCPBA, method D, 14 d at
room temp. The crude product (80 mg)
was chromatographed with P/E (9:1) to
give 30 mg (36%) of 31a.

Ozonolysis of 17,

A soln of 0.18 g (0.5 mmol) 17 in 70

ml of dry CHClj3 was at -10 °C contin-
uowsly treated with a flow of 0,/03
(3.5 g 03/h) for 30 min. After remov-
al of the solvent in vacuo, 20 ml of
30% H,0, was given to the residue,
and after addition of 25 ml of water
the mixture was stirred for 30 min.
Then 10 ml of HCOOH were added, and
the soln was carefully heated up to
50 °C. After completion of the vigor-
ous reaction, it was refluxed for 1 h.
The.cooled soln was extracted several
times with 25 ml portions of ether,
the ethereal soln was washed with wa-
tér. After removal of the solvent the
crude product (0.14 g) was chromato-
graphed with P/E (1:1) to give 27 mg
(28%) of 2,6-Dichlorobenzoic acid (19)
m.p. 139-142 °C (lit.13 m.p. 141-142
°C), and 52 mg (43%) of 1,1-Dichloro-
t-3-phenylcyclopropane-r-2-carboxylic
acid (18), m.p. 97-99 °C (lit.I>
m.p. 101 °c); l!H-NMR: 4 2.88 (4, J =
9 Hz, 2-H), 3.55 (4, J = 9 Hz, 3-H),
7.4 {m, H-Ph), 10.6 (s, COOH).
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