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Unusual formation of 7-vinylcycloheptatriene derivatives in the catalytic
cyclopropanation of cyclooctatetraene with diazocarbonyl compounds
in the presence of rhodium catalysts
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The reaction of cyclooctaictraene with methyl diazoacetate or diazoacetone in the
presence of rhodium binuclear complexes gives, besides 9-substituted bicyclo]6.1.0]ncna-
2.4,6-trienes (mixture of anti- and syn-isomers, total yields 60—75%), isomeric 8~(cyclohepta-
2,4 6-trien- | -yl)acrylates or 4-(cyclohepta-2,4,6-trien-1-yl)but-3-en-2-one in 20—34% yields.
In the case of methyl diazoacetate, a mixture of £- and Z-isomers in a ratio of ~3.5 : | was
obtained, while diazoacetone gave only E-isomer.
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Catalytic cyclopropanation of cyclooctatetraene
(COT) with alkyl diazoacetates is normally performed at
95—110 °C in the presence of copper powder or CuSO,
and gives bicyclo{6.1.0]nona-2,4,6~triene-9-carboxylates
(1) in 37—62% vyields; the ani-isomers of thesc prod-
ucts predominate.!—5 Virtually no structural isomers
were formed under the reaction conditions, although
esters 1 are known to isomerize at temperatures of
>110 °C to give cis-8,9-dihydroindene-!-carboxylates. 48

In this work, we studied the reactions of COT with
methyl diazoacetate (MDA) and diazoacetone (DAA)
catalyzed by binuclear rhodium compounds, which en-
sure decomposition of diazoesters and diazoketones at a
lower temperature (0—20 °C).7 The experiments were
carried out by slow addition of MDA or DAA to a 2.5—
3-fold molar excess of COT in CH,Cl; containing
I mol. % of the caralyst, which was rhodium acetate,

trifluoroacetate, perfluorobutyrate, or caprolactamate —
ha(OAC)4, ha(OCOCF3)4, ha(pﬂ))4, or ha(cap)4.
The compositions of the reaction mixtures were deter-
mined by the 'H NMR spectra; individual compounds
were isolated by thin layer or column chromatography.

Even the first experiments with Rh,(OAc), or
Rh,(pfb), as the catalysts for cvclopropanation of COT
with MDA showed the fundamental difference between
Rh and copper catalysts. It was found that under these
conditions, the formation of anti- and syn-bicyclo-
{6.1.0]nonatriene-9-carboxylates 1 (overall yields 60—
75%) is accompanied by the formation of their struc-
tural isomers, B-cyclohepta-2,4,6-trien-1-ylacrylates 2,
whose yields reached 30—34%. Irrespective of the reac-
tion conditions and the nature of the anion in the
catalyst, the E-isomer was formed as the major product
and the yield of Z-2 was no more than 9% (Table 1).

Table 1. Composition of cyclooctatetraene cyclopropanation products as a function of the nature of Rh catalysts

N,CHCOR Catalyst* Solvent  T/°C Yield (%) Isomer ratio
lor3 2or4d (=CHCOR), 1(3):2(4) antifsyn E/Z
MDA Rhy(OAc), CH,Cl, 20 75 18 7 4.2 1.8 33
(R = OMe) Rhy(pfb), CH,)Cl, 20 62 3 7 2.0 1.3 34
CH,Cl, 40 62 34 4 1.8 1.3 3.3
CCl, 20 63 32 5 2.0 1.9 36
CCl, 76 45 14 41 3.2 2.0 37
CH,Cl, -40 45 20 35 2.3 1.6 4.0
Rhy(OCOCF3), CH,Ch 20 49 31 20 1.6 1.6 24
Rhy(cap), CH,Cl, 20 21 - 80 2.0
DAA Rh,(0OAc), CH,Cly 20 82 12%* 6 6.8 1.6
(R = Me) Rh,(pfb), CH,Cl, 20 70 26** 4 2.7 2.5

* pth = OCOC;F;, cap = cyclo-NCOC;sH q (caprolactamate). ** Compound Z-4 was not detected in the reaction mixture.

Translated from [zvestiya Akademii Nauk. Seriya Khimicheskaya, No. 11, pp. 2204-—2206, November, 1999.
1066-5285/99/4811-2178 $22.00 © 1999 Kluwer Academic/Plenum Publishers



7-Vinylcycloheptatriene derivatives

Russ.Chem.Bull., Vol. 48, No. 11, November, 1999 2179

However, despite its lower yield, this isomer was iso-
lated in a virtually pure state by chromatography on
silica gel using benzene as the eluent (R; ~0.8), whereas
the E-isomer was eluted as a mixture with the structural
isomer anti-1 (R; 0.6—0.7). Nevertheless, this mixture
could also be separated to a large extent by using a
hexane—AcQEt solvent system (24 : 1); this gave ~95%
pure acrylate £-2.

H
3 2
(Rh] v/ Ccor
+ NRCHCOR —C—Q—C_l; / +
6 7
anti-1, 3

@\ Cj‘\mﬁ
syn-1, 3 E2 4 z-2,

= OMe (1, 2); Me (3, 4)

Yet another feature of Rh catalysts distinguishing
them from copper compounds is manifested in the
isomeric composition of the resulting bicyclic esters 1.
Thus the ratio of the ani- to syn-isomers formed upon
cyclopropanation of COT with MDA in the presence of
CuSQy4 (110 °C) was ~18 : | (see Ref. 5), whereas the
reaction catalyzed by Rh catalysts gives anti- and syn-1
isomers in close amounts (see Table 1); their ratio
ranged from 1.3 to 2 and the greatest proportion of the
syn-isomer was formed when the reaction was carried
out in CH,Cl, in the presence of Rhy(pfb),.

The reaction of COT with DAA in the presence of
Rh,(OAc), or Rhy(pfb), also resulted in a mixture of
unsaturated compounds, in which the bicyclic ketone
anti-3 was the major product formed in ~30% yield.
Cycloheptatriene vinyl ketone 4 was produced only as
E-isomer and its amount increased from 12 1o 26% on
passing from Rhy(OAc); to Rh,(pfb),; (see Tabie 1).
The isomeric ketones anfi- and syn-3 and E-4 were
isolated by TLC on silica gel using a (24 : 1) hexane—
AcOEt solvent mixture.

Bicyclic ester anti-1 was identified by comparing its
T NMR spectra with those reported in the litera-
ture.2® The structures of the other compounds were
established based on !H and 1C NMR spectra and
mass spectra. It is of interest that the signal of the
methine proton at C(9) in syn-1 is exhibited as a
doublet of doublets (J = 9.7 and 7.8 Hz) rather than a
triplet as that for anti-1. Apparently, this is due to the

- distortion of the molecular symmetry in relation to the
plane passing through C(9) and to the slight difference
between the spin-—spin coupling constants of the vicinal
protons H(1). H(9) and H(8), H(9). A similar effect was

observed for ketone syn-3; in this case, even the methyl
group signal was slightly split into a doublet (J =
0.8 Hz).

The 'H and 13C NMR spectra of isomeric acrylates
E-2 and Z-2 proved to be fairly similar; the only
noticeable difference was the position of signals for
H(7) (3 2.53 and 3.66) and H(8) (3 7.19 and 6.50). The
spin—spin coupling constants of the protons of the
exocyclic double bond, J39 = 15.7 and 11.4 Hz, con-
firmed the structure of acrylates 2 as £- and Z-isomers.
The attachment of the only low-field methine proton in
each isomer to the olefinic protons of exo- and
endocyclic double bonds was proved by {H,H}-correla-
tion.

The reaction of COT with dimethyl diazomalonate
in the presence of Rhy(OAc),, studied previously,3 was
less efficient than the reactions with MDA and DAA
and afforded dimethyl bicyclo{6.1.0]nonatriene-9,9-di-
carboxylate in 32% yield; no formation of other isomers
was noted. In turn, the possibility of isomerization of
bicyclof6.1.0]nonatriene into 7-vinylcyclohepta-
1,3,5-trienes was demonstrated by sensitized photolysis
of 9,9-(2,2"-diphenylidene)- and 9,9-diphenylbicyclo-
[6.1.0]nonatrienes.9 However, in our case, the forma-
tion of 7-vinylcycloheptatriene derivatives 2 and 4 in
the reaction of COT with MDA or DAA in the presence
of rhodium catalysts seems to occur simultaneously with
the formation of normal cyclopropanation products,
bicyclo{6.1.0]nona-2 4,6-trienes. Indeed, it was found
in special experiments that refluxing of solutions of anti-
and syn-1 in CH,Cl; in the presence of Rhy(OAc), or
Rh;(pfb)4 does not give any noticeable amount of iso-
mers 2. In addition, since the proportion of cyclo-
heptatrienylacrylates somewhat increased in the pres-
ence of rhodium perfluorocarboxylates, having a greater
charge on the metal atom, it can be suggested that the
first step of the addition of the carbene fragment to the
double bond of COT results in an intermediate of type 5
with a substantial positive charge on C(2). Apparently,
in this case, the standard formylation of the cyclopro-
pane fragment is accompanied by skeletal rearrange-
ment with contraction of the eight-membered ring,
resulting in the formation of 7-vinylcyclohepta-
1.3,5-triene structure.

Experimental

IH and '3C NMR spectra were recorded on Bruker AC-
200 (200 and 50.3 MHz) and Bruker AM-300 (300 and 75.5
MHz) spectrophotometers in CDCI; containing 0.05% of TMS
as the internal standard. The mass spectra were recorded on
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a Finnigan MAT INCOS-50 instrument (El, 70 eV, direct
injection). Cycloocta-1,3,5,7-tetraene (Ferak Berlin) was dis-
tilled in vacuo prior to use.

Cyclopropanation of cyclooctatetraene (COT) (general pro-
cedure). A solution of methyl diazoacetate (0.33 g, 3.3 mmol)
or diazoacetone (0.28 g, 3.3 mmol) in 8 mL of a solvent was
added with stirring over a period of 2 h to a solution of COT
(1.04 g, 10 mmol) in 10 mL of CH,Cl; or CCly containing
1 mol. % of the catalyst. The reaction mixture was stirred for
an additional 30 min and passed through a layer of silica gel
(0.5—1 cm) to separate the catalyst. Then the solvent was
separated in vacuo and the residue was analyzed by 'H NMR
spectroscopy and separated on a column with silica gel (Silica
Woelm, 32—63 pm).

Methyl bicyclo[6.1.0]rona-2,4,6-triene-9-carboxylate (1).
Isomer anti-1. TLC, hexane—AcOQOE:r, 24 : |, as the eluent.
Ry = 0.7. 'H NMR (CDCl3), &: 5.99 (m. 4 H); 5.90 (m, 2 H);
3.73 (s, 3 H, OMe); 2,12 (d, 2 H, H-1. H-8, J14 = Jyg =
3.6 Hz); 1.40 (t, | H, H-9, J, 4 = 5.6 Hz). 3C NMR (CDCly),
3:173.7 (CO); 129.2 (C-3, C-8); 127.0 (C-2, C-7); 125.5 (C-4,
C-5); 51.9 (OMe); 28.6 (C-9); 27.9 (C-1, C-8).

Isomer syn-1. TLC, benzene as the eluent, Ry = 0.45.
'H NMR (C¢Dy), 8 6.05 (m, 2 H, H-3, H-6, /53 —.167 =
109 Hz, /54 = J54 = 2.2 Hz); 5.96 (br.d, 2 H, H-2, H-7.
'IZ.3 —‘16,7 = 10.9 HZ) 5.85 (d! 7H H- 4 H- 5 J}__‘ —J5.6 =
22, /= 1.0 Hz); 3.48 (s, 3 H, OMe); 1.81 (dd, 1 H, H-9,
Jig = 9.7 Hz, Jgo = 7.8 Hz); 1.70 (br.d, 2 H, H-1, H-8).
I3C NMR (CDCI;), . 170.8 (CQ); 129.5 (C-3, C-6); 125.7
(C-4, C-5); 125.5 (C- 2 C-7); 51.1 (OMe); 23.6 (C-1, C-8);
23.1 (C-9). Partial MS, m/z (Fq (%)) 176 (12) [M]*, 144
(14). 117 (100), 116 (46), 115 (81}, 91 (30).

Methyl B-(cyclohepta-2,4,6-trien-1-yDacrylate (2). Iso-
mer E-2, TLC, hexane—AcOEt, 24 : |, as the cluent, Ry =
0.5.'"H NMR (CDCl3,), §: 7.19 (dd, 1 H, H-8, /3y = 15.7 Hz,
J;3 = 7.0 Hz); 6.67 (dd. 2 H, H-3, H-4, J = 3.6 Hz, J =
2.8 Hz); 6.27 (m, 2 H, H-2, H-5);5.99 (dd, | H, H-9, /34 =
157Hz J79 = 1.4 Hz); 524(dd 2 H, H-1, H-6, /15 =
Jse = 89 Hz, Ji; = Jg; = 5.9 Hz); 377(53H0Me)
25.) (m 1 H, H-7, le _‘]67”',78*59 Hz, -177 =
Jrg = 1.4 Hz). BC NMR (CDCly), & 167.0 (CO); 148.5
(C-8); 131.0 (C-3, C-4); 125.5 (C-2, C-5); 121.2(C-9); 121.0
(C-1, C-6); 51.6 (OMe): 40.8 (C-7). Partial MS, m/z (/o (%)):
176 (26) [M]*, 161 (20), 144 (41), 117 (51), 116 (4T), 115
(100), 91 (38).

Isomer Z-2. TLC, benzene as the eluent, Ry = 0.75.
'"H NMR (CDCly), & 6.67 (br.dd, 2 H, H-3, H-4, J = 3.5,
J = 29 Hz); 650 (dd, 1 H, H-8, Jgo = 114 Hz, S73
9.4 Hz); 6.26 (m, 2 H, H-2, H-5); 5.89 (dd, | H, H-9, /4
11.4 Hz, J;9 = 1.2 Hz); 5.17 (br.dd, 2 H, H-1, H-6, J{ 5
Jsg = 9.4 Hz, J; 7 = Jg7 = 6.0 Hz); 3.71 (5, 3 H, OMe),
3.66 (m, 1 H, H-7). 3C NMR (CDCI;) §: 166.2 (CO); 150.4
(C-8); 130.8 (C-3, C-4); 125.1 (C-2, C-5); 121.0 (C-1, C-6);
120.0 (C-9); 51.2 (OMe); 38.0 (C-7). Found (%): C, 74.67;
H, 6.96: C;H{,0,. Calculated (%): C, 74.98; H, 6.86.

9-Acetylbicyclo[6.1.0]nona-2,4,6-triene (3). Isomer anti-3.
TLC, hexane—AcOEt, 24 : 1, as the eluent, Ry = 0.8. 'H NMR

“ ()

(Cg¢Dg), & 591 (m, 2 H, H-3, H-6, 53 = Jg; = 11.3 Hz,
.134 ""/56"23 Hz); 5.82 (br.d, 2 H, H-2, H-7, -173 =j67 =
11.3 Hz); 5.81 (narr.m, 2 H, H-4, H-5); 2.27 (br.d, 2 H, H-1,
H-8, J1 9 = 3.3 Hz); 1.93 (s, 3 H, COMe); 1.54 (t, 1 H, H-9,
Ji9g = J39 = 5.5 Hz). 13C NMR (CDCly), &: 203.6 (CO);
1291 (C3 C-6); 127.1 (C-2, C-7); 125.4 (C-4, C-5); 37.7
(C-9): 30.7 (Me); 30.6 (C-1, C-8). Partial MS, m/z (I (%)):
160 (43) [M]™, 145 (36), 127 (8), 117 (81), 116 (25), 115 (100),
91 (40). Found (%): C, 82.31; H, 7.64. C|{H;0. Calcu-
lated (%): C, 82.46; H, 7.55.

Isomer syn-3. TLC, hexane—AcOEt, 24 : 1, as the eluent,
Re = 0.55. 'H NMR (CDCl,), &: 6.03 (m, 2 H, H-3, H-6,
./2_3 = J6,7 = 11.2 HZ, ./3‘4 = J5.6 = 2.4 HZ), 5.86 (narr.m.
2 H, H-4, H-3); 5.75 (brd, 2 H, H-2, H-7, Jh3 = L7 =
11.2 Hz); 2.28 (m, | H, H-9); 2.23 (d, 3 H, COMe, J =
0.9 Hz); 2.10 (br.d, 2 H, H-1, H-8, J = 8.6 Hz). 3C NMR
(CDCI;), §: 205.1 (CO); 129.8 (C-3, C-6); 126.0 (C-2, C-7);
125.8 (C-4, C-5); 33.1 (C-9); 31.2 (Me); 26.3 (C-1, C-8). Par-
tial MS, m/z (1 (%)): 160 (23) [M]™*, 145 (31), 117 (80), 116
(22), 115 (94), 91 (40), 43 (100).

E-4-(Cyclohepta-2,4,6-triene-1-yl)but-3-en-2-one (F-4).
Hexane—AcOEt. 24 : [, as the eluent, R = 0.7. 'H NMR
(CDCly), 8:6.88 (dd, | H, H-8, /g9 = 15.8 Hz, J;3 = 7.0 Hz);
6.57 (br.t, 2 H, H-3, H-4, J = 3.1 Hz); 6.17 (m, 2 H, H-2,
H-5); 6.15 (dd, | H, H-9, Jgg = 15.8 Hz, ;4 = 1.3 Hz),
5[4(dd,2H, H-] H6 le —J>6 = 8.8 Hz, .117:./(,7 =
6.0 Hz); 2.47 (m, 1 H, H-7, J,7—JG7=J78-6OHZ
-I72 = -173 = .,7 = 1.2 HZ), 2.18 (S 3 H ME) ”’C NMR
(CDCl), & 198.4 (COY); 147.0 (C-8); 131.0 (C-3, C-4); 130.8
(C-9); 125.6 (C-2, C-5); 120.5 (C-1, C-6); 40.8 (C-7); 27.2
(Me). Partial MS, m/z (I; (%)): 160 (13) M1, 145 (1 1), 127
(7), 117 (63), 115 (84), 91 (45), 43 (100). Found (%): C, 82.28;
H, 7.61. C;;H;0. Calculated (%): C, 82.46; H, 7.55.
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