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Cyclopropenes constitute a highly attractive class of strained
molecules with interesting chemical properties and potential biological acti-
vity. Unfortunately, except in some rare cases, there is no straightforward
general method for their synthesis. For example, the direct addition of carbenes
to acetylenes does not give satisfactory yields with the ordinary copper-

catalysed decomposition of diazocompounds, especially when monosubstituted

acetylenes are concerned. (1)

In previous notes, we have already reported on the high efficiency
of rhodium (II) carboxylates as catalysts for the cyclopropanation of alkenes (2)

and insertion of carbenes into various X-H bonds. (3)

We will now report (Tables I, II) some characteristic results indi-
cating the remarkable effectiveness of these rhodium carboxylates for the cyclopro-
penation (eq. 1), together with some observations concerning the control of the
relative reactivities of a triple bond against an alcohol group in intramolecular

competitions (eq. 2)

H_ COOCH
3 ¢ 3
102 Rhy(0,CR) Yy 1 AL 2 7
R'czcr® + N,cHCOOCH; —=—=—=" R'-C=c-R" + N (eq. 1)
N,CHCOOCH, QHCOOCH;
HCRCAOfl T —o-crd) s HC=C~OH + HCZC~~OCH,CO0CH, (eq. 2)
a i
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. 1
It is readily apparent ( Table I) that steric hindrance of the substituent R

on the triple bond does not significantly influence the overall yield in cyclo-
This i3 rela- .

propenes, whereas polar groups decrease it drastically (5, 6, 10).
ted to a lower stability of the corresponding cyclopropenes, at least in the

case of (6) and (10) which rearrange easily.

An increase in the electronegativity of the counter ions of the

catalyst also drastically lowers the yields (1, R3 = CF3); in particular, the

latter system promotes the polymerization of the cyclopropenes.

The regioselectivity in the intramolecular competitions with various
acetylenic alcohols (Table II) seems directed by a higher sensitivity to steric
hindrance of the insertion reaction versus cyclopropenation; but it depends also
markedly on the electronegativity of the R> group of the catalyst (Table III)
here again polymerization decreases the yield of the cyclopropene (23) when a CF3

group is present.

The present results are best explained by a bimolecular carbenold
mechanism, as the more nucleophilic functional group (OH) is preferentially
attacked whereas the competition olefin-triple bond is poorly selective (8).
These results agree in fact with our previous observations on competitive cyclo-

propanation and insertion reactions. (4)

Table I

Cyclopropenation of RICECR2 (L0 mmoles) by N,CHCOOCH, (4 mmoles). Catalyst

0,05 mmole. T 25°C. No solvent.

R : R2 R3(catalyst) Yield (%)
(1) : n_C4H9 H CH3 84
n—C4H9 H t1C4H9 70a)
n—C4H9 H CF3 o}
(2) £-C4H,y : H CH, 86
(3) Cyclohexyl : H CH3 80
a)
(4) CeHg H CH,4 o]
(5) CH,COOCH H CH 40
= 3 2 3 b)
(6) CH,OCH,, H CH, 46
(7) s C,HZO H ol o)
- 275 a) 3 e)
(8) CH,=C(CH,) : H CH, : 17 + 16
9) C,Hg CH, CH, 68f)
(10) CH3OCH2 CHﬁEHZ: CH3 38

© e o e o ® ot o ot i o it § et # e et o o e i e e D  § S e o e et et B e e e &

f) the allene CH
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a) polymers are present, formed from the reactive intermediate cyclopropene : in

fact, 80 % of the phenylacetylene (calculated on the diazoester) arz zonsumed

after reaction.

b) rearranged gquantitatively to CH3OCH2-4§—COOCH3 in the presence of the cata-

lyst.

c) the starting material polymerized at 10°C in the presence of the catalyst.

d) intermolecular competition between l-hexyne and l-octene gives 36 % cyclopro-~

pene and 16 % cyclopropane. (3)

e) the two cycloaddition products are detected by analytical GLC and spectroscopy

(i.r. and n.m.r.) of the mixture but attempt to isolate them by preparative
GLC gave essentially the dimers (mass spectroscopy : m/e = 276, expected for

C8H1002 : 138).

2=C=C(CHZOCH3)CH(OCH3)002CH3 (yield 8 %) probably formed by

the propargylic rearrangement of an o-ylid intermediate, (6), is also detected.

Table II

Competitive intramolecular insertion-cyclopropenation of acetylenic alcohols

(conditions: see Table I),

Substrate Total Yield (7) Ratio i/a
Insertion Addition

: (11) : propargyl alcohol : 72 : 60 : 12 : 5,0b)
: (12 : 3-butyn-1-ol : 69 : 50 : 19 : 2,6b)
: (13 : l-pentyn-3-ol : 75 : 54 : 21 : 2,6
:(14) : 3-methyl-l-pentyn-3-ol ¢ 73 ¢ 37 : 36 : 1,0
:(15) 1—ethynylcyclohexan—l—ola) s 22 : 10 : 12 : 0,8
:(16): 4-methyl-l-pentyne-4-ol : 54 : 25 : 29 : 0,9

(17): ethanol +l-hexyne(1:1) 98 74 24 3,0

a) T = 50°C, b) comparison of these three values shows that the mutual intra-
molecular interaction between both groups disappear when they are separated by
two C-atoms.



1242 ‘ No. 14

Table III

Influence of the catalyst on the competitive insertion-cyclopropenation izactions

: : () 2d : HC=C-CH,OH :
: : Rh2(02C53)4 : pKa of ‘<>\CECH : 2

: : R°COOH : i :a :i/a: 1 :a : i/a :
: (18): t —butyl : 5,06 : 24 : 29 : 0,8 : 53 : 11 :+ 4,8 :
: (19) : adamantyl : - : 11 : 17 : 0,6 : 52 : 12 ¢+ 4,3 :
: (20) : methyl : 4,76 : 10 : 12 : 0,8 : 60 : 12 : 5 :
: (21) : methoxy : 3,53 :16 : 14 : 1,1+ - : -t - :
: (22) : menthoxy : - : - 3 = 1 = : 59 : 4 : 14,7 :
:(23): trifluoromethyl : 0,25 : 16 : 5 : 3,2 : 40 : 3 : 13,3 :
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The cis-tris-O-homobenzenes (3) are valuable synthetic intermediates, e,g. for
1,4,7-cyclononatrienes (4) via [025«02s«32s]-cycloreversion. 0f known approaches to
the carbo- and heterocycles (3) y the route (1) — (3) has been restricted so far to
the dioxa-(1b) 2) and suitably N-substituted diaza-bis-0-homobenzenes (lc) 3): in con-
trast to the carbotricycle (la) 4)

enough to allow traunsformations such as epoxidation (Y=0) and CH2N

these are kinetically and thermodynamically stable
o-addition (ulti-
mately Y=CH2), the cis-addition often being favoured. In the cis-bis-0-homobenzene-

diester (ld), recently prepared by Kaupp and Rosch 5), as well as in the dinitrile

(1f),obtained from (1d) through (le), the basic skeleton (la) is stabilized to such an

6)

extent that analogous transformatious could be examined,

X X X X

\i:::jJ \z;:;j/ a | b | ¢ | d
1) {3)
x lca_| o [nm ICHCO2CH
I | © |t |

X CHCONH2 ’ CHCN |CHBr

3

X

X X X
= p—
{2) \\ // <%/Y\é> (4)

(1d) was oxidized with m-chloroperbenzoic acid to (5a) 5). When this reaction was
repeated we found that besides (5a) the cis-isomer (7a) was also formed and that the
relative amount of (7a) iucreases with reactiom temperature ((53):(7a) ca. 17:1 at
OOC, ca. 4:3 at SOOC). The less soluble (5a) is isolated by fractional crystallisation,
(7a) by chromatography (Si02, benzene, >150°C dec. (isom. )} 1H—NMR(CDC]B):'I‘=6.30
(OCHB), 6.58 (2(4)-H), 8.15(1(5)-,7(8)-H), 8.82(6(9)-H); readily distinguished from

(5a) by J =3.0 Hz and the anisotropy effect of 0 upon 6(9)-H 4 ). As we are more

1,2
interested in (7a) we have worked out a conversion of (5a) into (7a) 7). The total
yield after selective formation [sodium acetate/acetic acid, 75°C, 5 d; at higher temp.
the proportion of diacetate (6&)(R'=Ac), increases; m,p. 98-9900, J4 5=3.2, J5 6=8.1,

T ’ ’

= LI, = = = -
J6’7-3.7 Hz] of the monoacetate (631 (R'=H, J4,5-3.2, J5’6-8.1, J6’7-3.7 Hz), tosyl
ation ((6a), R'=p-tos, m.p, 159-160 C;y J =4,5, J =7.5, =3.5 Hz), saponification

4.543 5,6 6,7
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