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3-Ferrocenyl-3-(1-naphthyl)cyclopropene. 
Synthesis, structure, and chemical transformations 
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Crystalline 3-ferrocenyl-3-(1-naphthyl)cyclopropene was prepared by dehydrobromination 
of Z- and E-2-bromo-l-ferrocenyl-l-(l-naphthyl)-cyclopropanes by ButOK in DMSO. The 
resulting compound and the starting Z-monobromocyclopropane were characterized by 
X-ray diffraction analysis. The obtained cyclopropene reacts with 1,3-diphenylisobenzofuran 
to give a [4+2J-cycloadduct. The small ring opens upon treatment with HBF4 etherate to 
afford isomeric Z- and E-prop-l-enes and 1-ferrocenyl-3//-berLzo[e]indene. Thermolysis of 
this cyclopropene results in the formation of l-ferrocenyl-gbH-benzo[e]indene. In all cases, 
opening of the small ring is accompanied by exclusive alkylation of the naphthalene moiety. 

Key words: ferrocene, cyclopropane, and cyclopropene derivatives; alkylation, 
dehydrobromination, three-membered-ring opening, [4+2]-cycloaddition, X-ray diffraction 
analysis. 

Recently 1-3 we reported on the synthesis, structure, 
and some chemical  transformations of  crystalline 
3-ferrocenyt-3-phenylcyclopropene (1). Thus the three- 
membered ring in compound 1 was easily opened by 
treatment with superacids to give 3-ferrocenylindene (2) 
as the major product: 

FC~x~ CF.~SO~H [Fc~ 
Ph Ph 

1 

DMA, [ ~ ~ F c  

Fc = CsHsFeCsH 4, DMA = PhNMe 2 

The condensation of cyclopropene 1 with 1,3-di- 
phenylisobenzofuran (3) also yielded a substantial amount 
of  ferrocenylindene 2, along with the classical [4+2]- 
cycloadduct. 

In addition, refluxing cyclopropene 1 in toluene in 
the absence of  other reagents gave a product of  alkyla- 
tion of  ferrocenylindene 2, viz., 2-(3-ferrocenyl-  
3-phenylaUyl)- 3-ferrocenylindene (4). 

Evidently, the ferrocenyl derivatives of  indene 2 and 
4 are formed via intermediates of  type 5. In our opinion, 
the high regioselectivity of  the intramolecular alkyla- 
tion, which involves only the phenyl substituent (rather 
than the ferrocenyl substituent, as is usually observed for 
ferrocene derivatives4.5), should be attributed to the 
spatial structure of  cyclopropene 1. It has been as- 

J 
5 

R=Ph 

J' + 2  Fc 

4 R 

sumed 3 that the alkylation is directed at that substituent 
in position 3 of  the small ring that  occupies the "non- 
bisecting" position with respect to  this ring; in other 
words, the plane of  the aromatic ring does not lie in the 
bisecting plane, which passes through the C(3) atom. 
According to X-ray diffraction data,  z the ferrocene frag- 
ment in compound 1 does occupy the "bisecting" posi- 
tion, whereas the phenyl group is "non-bisecting." Nev- 
ertheless, this hypothesis requires additional experimen- 
tal verification. 

In continuation of  these studies, we synthesized 
3-ferrocenyl-3-(1-naphthyl)cyclopropene (6) and stud- 
ied some of  its chemical transformations. Compound 6 
is an interesting model object, because it contains two 
bulky substituents in position 3 o f  the three-membered 
ring. Opening of  the ring in the case of  a "non-bisecting" 
arrangement of  the naphthalene fragment can yield two 
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products, namely a compound of type 7 resulting from 
the atkylation of the naphthalene system in position 2 or 
per/-fused compound 8 formed upon the alkylation in 
position 8. 

7 6 8 

[f the ferrocene moiety occupies the "non-bisecting" 
position, the alkylation should be directed at this sub- 
stituent. 

Cyclopropene 6 was synthesized using the standard 
procedure including dehydrobromination of (2)- and 
(E)-2-bromo- 1-ferrocenyl- l-(l-naphthyl)cyclopropanes 
(9) by ButOK in DMSO: 6 

) Br ButOK ButOK 
DMSO--- 6 ~ DMSO 

Z-9 E-9 

The starting monobromides 9 were synthesized by 
the following scheme: 

Me Fc~. I 
C=O Fc--C--OH 

~ MeLi ~ 

10 

Fc,,y~lBr Fc ~C -----C H 2 

13 N~EtQ H 12 t ~  

Z - 9  + E-9 + ~  

Me 
I+ \HBPh 4 Fc~C BPh 4- 

11 

14 

[t was found that dehydration of alcohol 10 under 
usual conditions (POCI 3 + py)Z.7 gives alkene 12 in a 
low yield (32%); therefore, it was prepared by deproto- 
nation of 1-ferrocenyl-l-(1-naphthyl)ethylium tetra- 
phenylborate (11, yield 80%) through the action of 
N,N-dimethylaniline (DMA). In this case, the yield of 
alkene 12 was 85%. 

The subsequent dibromocyclopropanation of alkene 
12 occurred without complications. However, to accom- 
plish the reduction of the resulting dibromide 13 we 
studied several approaches. Thus the reduction of 
dibromide 13 by zinc in the presence of Trilon B gave a 
mixture of monobromides Z-9 and E-9 in a total yield of 
-35%. In addition, 1-ferrocenyl- l-(l-naphthyl)cyclo- 
propane (14) was isolated as the main reaction product 
in ~58% yield. Variation of the reduction conditions did 
not lead to a decrease in the yield of cyclopropane 14. 
Nevertheless, despite the formation of a mixture of 
products, compounds Z-9, E-9, and 14 were easily 
isolated by chromatography on A1203. The IH and 
~C NMR spectra of these compounds unambiguously 
confirmed their structures. 

In fact, the IH NMR spectrum of bromide Z-9 
exhibits two doublets of doublets at 5 t.76 and 2.15 
corresponding to the protons of the methylene group 
(the AB part of an ABM spin system). In the tH NMR 
spectrum of the isomer E-9, the analogous signals occur 
at 5 1.92 and 2.08. Thus, Z-9 is characterized by a larger 
~X5 z = ~B--fA = 0.39 value than isomer s (A6 E = 
0.16). A similar difference can also be found in the 
IH NMR spectra of Z- and E-l-alkyl-2-bromo- and 
2-bromo- 1-ferrocenyl- l-phenylcyclopropanes; appar- 
ently, this can be used to determine the geometric 
configurations of monobromoferrocenylcyclopropanes 
based only on the data of IH NMR spectroscopy (see 
Refs. i--3, 6--12). 

The reduction of dibromide 13 with ethylmagnesium 
chloride in the presence of titanium tetra(isopropoxide) 
proved to occur more selectively yielding only mono- 
bromide Z-9. The use of equimolar quantities of EtMgC1 
and dibromide 13 makes it possible to avoid the forma- 
tion of cyclopropane 14, and the Z-isomer of 9 is 
formed in ~80% yield. The Z-configuration of the 
monobromide 9 was confirmed, in addition to spectros- 
copy, by X-ray diffraction analysis (Tables 1 and 2). 
The general view of molecule Z-9 is shown in Fig. 1, 
and the packing mode of molecules in the crystal is 
shown in Fig. 2. An interesting feature of the crystal 
structure of 2"-9 is that the unit cell contains two mol- 
ecules of Z-9 with the bromine atoms located close to 
each other (Fig. 2). 

Subsequently, monobromides 9 were converted into 
cyclopropene 6. We found that the Z-isomer is 
dehydrobrominated much more readily than the 
E-isomer. In fact, Z-9 eliminates HBr at 20 ~ to give 
eyclopropene 6 in 70-75% yield, whereas monobromide 
E-9 eliminates HBr under more drastic conditions (50- 
60 ~ and gives compound 6 in --40% yield. 

3 - Ferrocenyl-3- ( l - naphthyl)cyclopropene (6) is a yel- 
low crystalline material stable during storage in air. The 
single crystals of 6 prepared by crystallization from 
n-hexane were studied by X-ray diffraction analysis (see 
Tables 3, 4). The key fragment in the structure of 6 is the 
three-membered ring, which is an acute-angled triangle 
stretched toward the C(11) carbon atom (Fig. 3). The 
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Fig. I. General view of molecule 2"-9. 

Fig. 2. Packing mode of molecules of compound 2"-9. 

angles of  rotation of  the plane of  the cyclopentadienyl 
ring in molecule 6 correspond to its "bisecting" position 
with respect to the eyclopropene ring, while those of  the 
naphthalene ring correspond to its "non-bisecting" posi- 

tion (Fig. 4). The F e - C  and C - C  bond lengths and also 
the geometry of  the fcrrocene sandwich are normal. 5 

Cyclopropene 6 reacts with 1,3-diphenylisobenzofuran 
(3) upon refluxing in toluene to give [4+2]-cycloadduct 



3-Ferrocenyl-3-(l-naphthyl)cyclopropene Russ.Chem.BulL, Vol. 47, .No. 3, March, 1998 485 

Table 1. Atomic coordinates (xI04) and isotropic thermal 
factors of molecule Z-9 (x |03/.~.2) 

Atom x y z L~q 

Fe(l) 2 7 0 9 ( 2 )  4703(1) 2068(2) 27(1) 
C(10) 2607(11)  3 9 3 7 ( 4 )  1917(t7) 32(4) 
C(II) 4048(10)  4 1 0 7 ( 4 )  2430(16) 32(4) 
C(12) 4323(tl) 4425(4) 952(I7) 34(4) 
C(13) 3047(12) 4455(4) -545(17) 38(4) 
C(14) 2009(11) 4169(4) 87(15) 30(4) 
C(15) 1757(12) 4925(5) 4263(17) 40(4) 
C(16) 3157(ll) 5 1 2 7 ( 4 )  4552(18) 33(4) 
C(17) 3239(13) 5 4 1 2 ( 4 )  2944(19) 41(5) 
C(18) 1887(13) 5 3 9 9 ( 4 )  1616(20) 45(5) 
C(19) 9 8 8 ( 1 2 )  5 0 9 8 ( 4 )  2456(18) 40(4) 
Br(t) 4 2 4 1 ( 2 )  2872(l) 3014(3) 67(1) 
C(I) 1885(11)  3604(4) 3046(15) 30(4) 
C(2)  2551(12)  3 1 1 5 ( 5 )  3761(19) 42(4) 
C(3)  2597(13)  3 5 0 3 ( 5 )  5152(18) 47(5) 
C(20) 2 8 5 ( 1 2 )  3 5 8 9 ( 4 )  2445(17) 33(4) 
C(2I) -503(13) 3 7 9 4 ( 5 )  3681(19) 45(5) 
C(22) -2009(15) 3 7 8 5 ( 5 )  3144(24) 57(6) 
C(23) -2680(14) 3 5 7 0 ( 5 )  1494(23) 57(6) 
C(24) -1916(12) 3353(4) 187(19) 41(5) 
C(25) -2626(14) 3 1 2 1 ( 5 )  -1582(21) 55(6) 
C(26) -1890(18) 2921 (5 )  -2808(23) 66(6) 
C(27) -406(16) 2 9 0 5 ( 5 )  -2309(22) 58(6) 
C(28) 3 1 4 ( 1 2 )  3 1 2 4 ( 4 )  -639(18) 39(4) 
C(29) -408(11) 3352(4) 711(18) 34(4) 

15 and Z- I -ferrocenyl- 1 -( t -naphthyl)prop- l-ene (16a) 
resulting from intramolecular isomerization. 

The tH and 13C NMR spectra of adduct 15 corre- 
spond to a single structural isomer, which implies ste- 
reospecific [4+2]-cycloaddition. By analogy with the 
adduct obtained by the reaction of 3 with cyctopropene 
1 (see Ref. 2), compound 15 was identified as exo- 

Table 2. Main geometric parameters of molecule Z-9 

Bond d/A Angle o/deg 

C(10)--C(t) 1.472(17) 
C(t)--C(2) t.513(17) 
C(t)--C(20) 1.514(15) 
Br(I)--C(2) 1.935(13) 
C(t)--C(3) 1.510(15) 
C(2)--C(3) 1.429(19) 
C(20)--C(21) 1.386(19) 
C(10)--C(14) 1.432(15) 

6 

~ 
Ph 

~-.r.,,.- Ph + 

15 

110 ~ 65% 
140 ~ 50% 

C(10)--C(I)--C(2) 120.0(10) C(2)--C(1)--C(3) 56.4(8) 
C(2)--C(1)--C(20) 113.9(9) 
Br(I)--C(2)--C(1) 122.2(9) 
C(1)--C(2)--C(3) 61.7(8) 
C(I)--C(3)--C(2) 61.9(8) 
Br(I)--C(2)--C(3) 122.1(8) 
C(3)--C(1)--C(20) 119.4(10) 

Fc,., ,.Me & 
C=C-. H 

16a 17 

12% 
7% 20% 

3- fe rroce nyl- 3- ( 1 -napht hyl)- 1,5-diphenyl-6,7-benzo- 
8-oxatricyclo[3.2.1.02.4]oct-6-ene with the syn-arranged 
naphthalene fragment. Tentative X-ray diffraction data 
for the single crystals of adduct 15 confirm the proposed 
structure. 

When the reaction of 6 with 3 was conducted at a 
higher temperature (refluxing in m-xylene), the yields of 
both adduct 15 and propene 16a decreased. In addition, 

�9 

~ ~ ~ L z T r ' ~ ~  I -  Fe( i ) C(1 C(I 10) 

C(124) " ~ . 1 ~  C ( I 1 ~ % ~  -~" 

- . ~ ( 1 2 l )  ~ _  

C(123) ~ C ( I 2 2 )  ) '~--~./ Ctti6) -Q) 

Fig. 3. General view of molecule 6. 
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Fig. 4. One of the projections of molecule 6. 

Table 3. Atomic coordinates (xl04) and isotropic thermal 
factors of molecule 6 (• 103/~. 2) 

Atom x y • Ueq 

Fe(1) 721(1) 3 7 2 5 ( 1 )  1342(1) 40(1) 
COt) 405(5) 2232(2 )  -213(2) 41(1) 
C(12) -354(7) 1239(3)  -360(3) 57(1) 
C(13) 1121(7 )  1384(3) 198(3) 60(1) 
C(110) 1367(5)  2672(3 )  -851(3) 41(1) 
C(lll) 3217(6)  2916(3 )  -615(3) 56(l) 
C(ll2) 4173(7)  3328(3)  -1183(4) 68(1) 
C(113) 3269(7)  3477(3)  -1997(4) 67(1) 
C(114) 1366(6)  3219(3)  -2277(3) 47(l) 
C(I15) 4 1 8 ( 8 )  3318(3)  -3135(3) 63(1) 
C(116) -1397(8) 3069(3)  -3398(3) 67(1) 
C(117) -2380(7) 2708(3)  -2815(3) 57(I) 
C(118) -I515(6) 2594(3)  -1987(3) 45(1) 
C(119) 3 8 9 ( 6 )  2830(2)  -1692(2) 39(l) 
C(120) -504(5) 2871(3) 275(2) 38(t) 
C(121) -816(6) 3808(3) 119(2) 44(I) 
C(122) -t737(6) 4153(3) 735(3) 57(1) 
C(123) -2008(6) 3 4 3 4 ( 4 )  1268(3) 62(1) 
C(124) -1243(6) 2646(3) 997(3) 52(1) 
C(130) 1885(7)  4 3 7 8 ( 4 )  2513(3) 64(1) 
C(131) 2404(7)  3 4 8 3 ( 4 )  2481(3) 68(2) 
C(132) 3314(6)  3 3 9 3 ( 4 )  1795(3) 65(2) 
C(133) 3363(6)  4 2 4 9 ( 3 )  1429(3) 59(1) 
C(134) 2468(6)  4 8 4 4 ( 3 )  1869(3) 60(1) 

Table 4. Main geometric parameters of molecule 6 

Bond d/~, Angle m/deg 

C(I1)-C(12) 1.504(5) 
C0l)-C(13) 1.500(5) 
C(11)-C(120) 1.49l(5) 
C(l l ) -C(110) 1.510(5) 
c(12)--c(13) 1.255(6) 
C(12)--H(12) 0.93 
C(13)--H(13) 0.93 

C(I20)--C(I I)--C(13) 119.1(3) 
C(120)--C(I 1)--C(12) 118.3(3) 
C(13)--C(11)--C(12) 49.4(2) 
C(13)--C(1 D-CO 10) 118.4(4) 
C(12)--C(I D-CO I0) 119.9(3) 
C(13)-C(12)--C(1 I) 65.1(3) 
C(12)-C(13)-C(11) 65.5(3) 

a new compound was isolated from the reaction mix- 
ture; based on the IH NMR spectra, this compound was 
identified as l-ferrocenyl-9bH-benzo[e]indene (17). 

After that, we showed that the three-membered ring 
in cyclopropene 6 is readily opened upon treatment with 
HBF4 etherate. After treatment with DMA, the follow- 
ing products were isolated from the reaction mixture by 
preparative TLC: Z-16a and E-l-ferrocenyl-  
l-(l-naphthyl)prop-l-ene (16b) (-5 : 1, according to 
IH NMR spectra), 1-ferrocenyl-3H-benzo[e]indene (7), 
and N,N-dimethyl-4-(3-ferrocenyl-3-(l-naphthyl)prop- 
2-enyl)phenylamine (18a,b) as a mixture of Z- and 
E-isomers (~4 : 1). 

F-c ,,H 

1 ) HBF 4 - EtzO e 
2) DMA 

7 + 1 6 a +  

16b 

F c x ? = C H - - C H 2 - - ~ N M e 2  

18a,b 

Apparently, protonation of cyclopropene 6 results in 
the intermediate formation of cyclopropyl carbocation 
19, which is readily converted into ferrocenylallyl 
carbocation 20, stabilized by the ferrocenyl substitu- 
ent. I-3 

H* im 6 

19 2 0  

After that, cation 20 intramolecutarly alkylates the 
("non-bisecting") naphthalene substituent and intermo- 
lecularly alkylates DMA through the least substituted 
cationic center a,9 or undergoes reduction. Previously we 
observed similar reduction of ferrocenylallyl cations for 
the 1-ferrocenyl-l-phenylallyl cation 3 and 3-ferro- 
cenylmethylene- 1,2,7,7-tetramet hylbicyclo[2.2.1 ]hept- 
2-yl cation; l~ evidently, this reaction occurs with 
participation of the iron atomfl z 

The formation of compounds 16a and 17 during the 
thermolysis of 6 occurs apparently as a result of het- 
erolysis of one of the <~=bonds in the small ring aa3 
followed by transformations of intermediates of type 5 
(R = 1-naphthyl), which are similar to the reactions of 
ferrocenylallyl carbocation 20. 

However, reduction of intermediate 5 (R = 1-naph- 
thyl), unlike that of cation 20, is stereospecific and gives 
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Z-alkene 16a, whi le  its in t ramolecular  transformation 
affords 9bH-benzo[e]indene 17, whose structure differs 
from that o f  3H-benzo[e ] indene  7. 

Thus, the  results presented here together  with those 
obtained previously indicate that the intmmolecular  trans- 
formations o f  3-ary l -3- fer rocenylcyc lopropenes  1 and 6 
are regioselective. In all cases when  the small ring is 
cleaved, the alkylat ion involves the aryl substituents, 
which occupy a "non-bisect ing" position in the initial 
cyclopropenes.  We detected no products of  int ramo- 
lecular cycl izat ion at the ferrocene fragment,  although 
in t ramolecular  alkylat ion o f  the v-ferrocenyt group (with 
respect to a cationic or  carbenoid center) is well known. 4's 
We attribute this result to the "bisecting" arrangement  o f  
the cyclopentadienyl  ring o f  ferrocene in the 3-aryl- 
3-fer rocenyleyclopropenes .  

Experimental 

tH and 13C NMR spectra were recorded on a Bruker 
CXP-200 spectrometer (200 and 50 MHz) for solutions in 
CDCI 3 using tetramethylsilane as the internal standard. Col- 
umn chromatography was carried out using AI203 of Brockmarm 
activity Ill. The results of elemental analysis of the resulting 
compounds are listed in Table 5. 

1-Ferrocenyt-(l-naphthyl)ethanol (10). An ethereal solu- 
tion of methyllithium (30 mmol) was added with stirring to a 
solution of ferrocenyl 1-naphthyl ketone (3.4 g, I0 mmol) in 

Table 5. Data of elemental analyses of the compounds synthe- 
sized 

Com- Found (%) Molecular 
pound Calculated formula 

C H Fe Br or N 

6 78.98 5.26 15-73 --  C23HIsFe 
78.87 5.18 15.95 

7 78.~8 $,34 16.11 -- CnHlsFe 
78.87 5.18 15.95 

Z-9 63.85 4.$8 13.07 18.68 C23HIgBrFe 
64.07 4.44 12.95 I8.54 

E-9 63.92 4..32 12.74 18.35 C23HmBrFe 
64.07 4.44 12.95 18.54 

13 54.25 3:49 11.04 31.60 C23HIsBr2Fe 
54.16 3.56 10.95 31.33 

14 78.35 5.9~4 15.6~ - -  C23H20Fe 
78.43 5.72 15.85 

10 73.98 $,7.3 15.51 - -  C,.2H2oFeO 
74.17 5.66 15.68 

11 78.24 5.27 16.6~ - -  C22H18Fe 
78.12 5.36 16.51 

15 8~,63 ~.04 8.74 - -  Cr 
83.22 5.20 9.00 

16a,b 78-~.~ 5.88 l ~.68 --  CnH20Fe 
(-5 : I) 78.43 5.72 15.85 

17 78.64 5.27 I ~.73 --  CnHlsFe  
78.87 5.18 15.95 

18a,b 78.76 6.44 11.7 [ 2.68 C31H29FeN 
(-4 : l) 78.98 6.20 11.85 1.97 

I00 mL of anhydrous benzene. The mixture was stirred for an 
additional I h and treated with a 5% solution of NaOH. The 
organic layer was separated, washed with water, and dried with 
Na2SO 4. After evaporation of the solvent in vacuo, the residue 
was recrystallized from ethanol to give 2.78 g (78%) of alcohol 
10, yellow crystals, m.p. 105--106 ~ IH NMR, 6:2.08 (s, 
3 H, CH3); 3.29 (s, 1 H, OH); 4.17 (m, 1 H, C5H4); 4.25 (m, 
1 H, CsH4), 4.33 (s, 5 H, CsHs); 4.36 (m, 1 H, C5H4); 4.49 
(m, 1 H, C5H4); 7.27, 7.45, 7.80, 8.70 (all m, 7 H, CIoHT). 

l-Ferrocenyl-(1-naphthyi)etheue (12). A. Phosphorus oxy- 
chloride (2 mL) was added dropwise to a solution of alcohol 
I0 (1.8 g, 5 retool) in 70 mL of anhydrous pyridine, and the 
mixture was stirred for 3 h at 20 ~ and diluted with water. 
The resulting alkene was extracted with benzene. After evapo- 
ration of the solvent in vacuo, the residue was purified by 
column chromatography (using hexane as the eluent) to give 
0.54 g (32%) of alkene 12, yellow crystals, m.p. 84--85 ~ 
IH NMR, 6:4.12 (s, 5 H, CsHs); 4.21 (m, 4 H, C5H4); 5.22 
(d, I H, CH 2, J = 1.7 Hz); 5.85 (d, I H, CH2, J = 1.7 Hz); 
7.35--7.65, 7.80--8.00 (m, 7 H, CIoHT). 13C NMR, 5:68.5 
(C5H4); 69.6 (CsHs); 86.0 (Cipso, Fc); 112.8 (CH2=); 125.2, 
125.6, 126.0, 126.5, 127.5, 128.0 (CH); 1313. 133.5, 140.0, 
146.3 (C). 

B. NaBPha (2.4 g, 7 retool) was added to a solution of 
alcohol 10 (1.8 g, 5 retool) in 30 mL of glacial acetic acid. 
The mixture was stirred for I h at 10 *C, and the brown 
precipitate of salt 11 was filtered off and washed with anhy- 
drous ether and anhydrous hexane. The yield of  tetra- 
phenylborate 11 was 2.64 g (80%). 

N,N-Dimethylaniline (2 mL) was added to salt 11 (2.2 g, 
3.3 retool), the mixture was thoroughly triturated until a pale 

yellow paste formed, and anhydrous benzene (100 mL) was 
added. An hour later, the benzene solution was washed with 
water, 1% HCI, and again with water. Evaporation of the 
solvent followed by chromatography gave 0.96 g (85%) of 
alkene 12, m.p. 85 ~ 

2,2-Dibromo- l-ferrocenyl- 1-(l-naphthyl)eyelopropane 
(13). Dibromocyclopropane 13 was prepared from alkene 12 
by a known procedure, 14 yield 75%, orange crystals, m.p. 
141--142 ~ IH NMR, 5:2.46 (d, 1 H, CH 2, J = 8.0 Hz); 
2.55 (d, 1 H, CH2, I = 8.0 Hz); 3.63 (m, 1 H, C5H4); 3.95 
(s, 5 H, CsHs); 3.98 (m, 1 H. C5H4); 4.15 (m, 1 H, C5H4); 
4.27 (m, I H, C5H4); 7.53, 7.94, 8.05 (both m, 7 H, CIoHT). 
~3C NMR, 6:35.6 (CH2); 38.6 (C); 68.8 (CsHs); 67.0, 68.1, 
69.0, 71.2 (C5H4); 89.7 (Citn o, Fc); 125.1, 125.8, 126.0, 127.4, 
127.5, 128.3, 128.4 (CH); 129.4, 133.7, 138.8 (C). 

Reduction of dibromide 13. A. Dibromide 13 was reduced 
by Zn dust in aqueous ethanol in the presence of Trilon B, as 
described previously. Is Preparative TLC on silica gel (with 
hexane as the eluent) gave the products described below. 

l-FerroeenTl-l-(l-aaphthyl)eyeioprolmae (14), yield 58%, 
Rf 0.76, yellow crystals, m.p. 118--119 ~ IH NMR, 5:1.35 
(m, 2 H, CH2); 1.38 (m, 2 H, CH2); 3.71 (m, 2 H, CsH4); 
3.93 (m, 2 H, C5Hr 4.11 (s, 5 H, CsHs); 7.40--8.26 (m, 
7 H, CIoH7). 13C NMR, 8:19.4 (CH2); 19.4 (CH2); 37.2 (C): 
66.6 (C5Hr 68.5 (CsH5); 69.6 (C~so, Fc); 125.3, 125.4, I25.4, 
125.9, 127.4, 127.9, 128.4 (CH); 133.1, 133.8, 140.8 (C). 

Z-2-Bromo- l*ferroceayl- 1-(1-naphthyi)cyclopropane (Z-9), 
yield 17%, R r 0.67, orange crystals, m.p. 108--109 ~ 
IH NMR, & 1.76 (dd, 1 H, CH2, J" = 5.7, 6.6 Hz); 2.15 (dd, 
I H, CH 2, J = 6.6, 8.4 Hz); 3.53 (dd, 1 H, CH, d" = 5.7, 
8.4 Hz); 3.55 (m, 1 H, C5H4); 3.98 (m, 1 H, C5Hr 4.08 (s, 
5 H, CsHs); 4.20 (m, [ H, C5H4); 4.35 (m, 1 H, C5Hr 
7.46--8.02 (m, 7 H, CIoHT). 

s 1-ferrocenyl- 1-(l-naphthyl)cyelopropane 
(E-9), yield 9%, Rr 0.59, orange crystals, re.p_ 94--95 ~ 
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IH NMR, 5:1.92 (dd, I H, CH 2, , / =  4.8 Hz, J = 7.4 Hz); 
2.08 (dd, I H, CH2, J = 6.8, 7.4 Hz); 3.53 (dd, 1 H, CH, 
J = 4.8, 7.4 Hz); 3.87 (m, 1 H, C5H4); 3.96 (m, 1 H, CsH4); 
4.08 (s, 5 H, CsH5); 4.14 (m, 1 H, C5H4); 4.26 (m, 1 H, 
C5H4); 7.39--8.04 (m, 7 H, CIOH7). 

B. An ethereal solution of EtMgCI (3.2 retool) and several 
drops of titanium tetraisopropoxide were added with stirring to 
a solution of dibromide 13 (1.53 g, 3 retool) in 50 mL of 
anhydrous ether. The mixture was stirred at ~20 ~ until its 
dark brown color changed to yellow; after that, water (50 mL) 
was added. The organic layer was separated, the solvent was 
evaporated in vacuo, and the residue was chromatographed on 
silica gel (using hexane as the eluent) to give 1.04 g (80%) of 
monobromide Z-9, m.p. 108--109 ~ 

3-Ferrocenyl-3-(l-naphthyl)cyelopropene (6). A mixture 
of monobromide Z-9 (1.3 g, 3 retool) and ButOK (4 retool) 
in 30 mL of DMSO was stirred at 20 *C for 10 h in an 
atmosphere of dry argon. Then the reaction mixture was 
partitioned between benzene (100 mL) and water (50 mL), 
and the organic layer was separated and washed with water. 
After evaporation of  the solvent, the residue was 
chromatographed on Al203 (using hexane as the eluent) to 
give 0.83 g (72%) of cyclopropene 6, yellow crystals, m.p. 
123--124 ~ 

The reaction of E-9 (1.3 g, 3 mmol) carried out in a 
similar way (50--60 ~ 10 h) gave 0.42 g (40%) of compound 
6, m.p. 123--124 ~ IH NMR, 5:3.74 (m, 2 H, CsH4); 3.96 
(m, 2 H, C5H4); 4.15 (s, 5 H, CsH5); 7.5l (s, 2 H, CH=CH); 
7.38--7.58, 7.70--7.80, 8.10--8.20 (all m, 7 H, CIoHT). 
13C NMR, 5:26.3 (C); 67.1 (C5H4); 67.9 (CsH4); 68.1 (CsHs); 
98.7 (Cipso, Fc); 113.5 (CH=CH);  125.4, 125.5, 125.5, 125.6, 
125.9, 127.0, 128.5 (CH); !.32.0, 134.0, 143.l (C). 

Reaction of cyclopropene 6 with 1,3-diphenylisobenzofuran 
(3). d. A mixture of cyclopropene 6 (0.35 g, I retool) and 
compound 3 (0.56 g, 2 retool) was refluxed in 50 mL of 
toluene for 4 h until the starting cyclopropene 6 was entirely 
consumed (TLC monitoring). After evaporation of the solvent 
in vacuo, the residue was chromatographed on silica gel (using 
a 2 : 1 hexane--benzene as the eluent) to give 0.042 g (12%) 
of 2"- 1 -ferrocenyl- I -( 1 -naphthyl)prop- 1 -ene (16a) and 0.41 g 
(65%) of  exo-3- fe r rocenyl -3- ( l -naphthyl ) - l ,5 -d iphenyl -  
6,7-benzo-8-oxatricyclo[3.2.1.02,4]oct-6-ene (15). 

Comtsound 16a, Rf0.78, yellow crystals, m.p. 124--125 ~ 
IH NMR, 5 : t . 4 2  (d, 3 H, CH 3, o r =  6.9 Hz); 3.74 (m, 
1 H, C5H4); 4.02 (m, I H, C5H4); 4.08 (s, 5 H, CsHs); 4.19 
(m, I H, C5H4); 4.41 (m, I H, C5H4); 6.32 (q, 1 H, CH =. 
J = 6.9 Hz); 7.31--7.60, 7.75--7.90 (all m, 7 H, C10H7). 
~3C NMR, 8 :29 .7  (CH3); 64.8, 67.9, 68.1. (CsH4); 69.3 
(CsHs); 87. l (Couo, Fc); 122.1 (CH=);  125.3, 125.6, 125.7, 
126.2, 126.7, 127.1, 128.1 (C); 128.2 (CH); 133.6, 137.0, 
140.1 (C). 

Comuound 15. Rf0.36, yellow needles, m.p. 266--267 *C. 
IH NMR, ~: 2.55 (d, 1. H, CH, J = 7.2 Hz); 2.75 (d, 1 H, 
CH, J = 7.2 Hz); 3.1.2 (br.s, 1 H, C5H4); 3.74 (br.s, 1 H, 
C5H4); 3.96 (br.s, 1 H, C5H4); 4.01 (br.s, I H, C5H4); 4.05 
(s, 5 H, C5H5); 6.45, 6.80, 6.92--7.15, 7.31--7.40, 7.46--7.65 
(all m, 21 H, At). 13C NMR, 5:41.9  (CH); 45.4 (C); 47.8 
(CH); 63.9, 66.6, 67.3, 69.6 (C5H4); 68.8 (C5H5); 88.5, 88.5 
(C); 95.9 (C~s o, Fc); 118.98, 119.04, 123.4, 124.4, 125.0, 
126.1, 126.3, 126.7, 126.9, 127.6, 127.7, 128.3 (CH); 132.1, 
133.0, 134.8, 136.2, 138.1, t49.6, 150.4 (C). 

Similarly, refluxing of  6 (0.35 g) and 3 (0.56 g) in m-xylene 
(4 h) gave 0.024 g (7%) of Z-alkene 16a, m.p. 124--125 *C, 
0.32 g (50%) of adduct 15, m.p. 265--267 ~ and 0.07 g 
(20%) of  1-ferrocenyl-9bH-benzo[e]indene (17), Rf 0.29, pale 
yellow crystals, m.p. 121--122 ~ IN NMR, 5:2.48 (s, I H, 

Table 6. Crystallographic data for cyclopropene 6 and 
monobmmide Z-9 

Parameter Compound 6 Compound Z-9 

Molecular formula C23H18Fe C23H19BrFe 

Molecular weight 350.23 431.10 

Crystal system Triclinic Monoclinic 

Space group PI P2 ~/ c 

a/A 7.508(1) 9.668(3) 

b/.~. 14.563 (2) 27.143(4) 

c/A l 5.995 (2) 6.992( I 0) 

ct/deg 92.140(10) - -  

I3/deg 102.950(10) 102.45(2) 

y/deg 94.00(10) --  

V/A 3 1696.7(4) 1790.1(7) 

Z 2 4 

Calculated 
density/g cm -3 1.355 1.600 

Absorption 
coefficient/mm -1 0.887 3.076 

F(000) 712 872 

Radiation Mo-Kct, highly oriented 
graphite crystal 

0.71073 0.71073 

3.74 < 20 < 50.00 2.0 < 20 < 50.00 

0/20 20 - co 

20-region/deg 

Scan mode 

Total number 
of reflections 

Number of inde- 
pendent reflections 

Rint 
Number of variables 

in the refinement 222 226 

Weighting scheme w - t  = cr2(F) + kF 2 
k = 0.0008 k = 0.0050 

Quality factor 0.984 0.95 

Residual electron 
density, 
min/max/e �9 A -3 -0.263/0.227 - 1.28/0.95 

Temperature/K 293 293 

7445 4351 

5954 3158 

0.0289 0.0494 

CH); 4.01 (m, 1 H, C5H4); 4.06 (m, l H, C5H4); 4.18 (s, 
5 H, CsHs); 4.20 (m, 1 H, C5H4); 4.72 (br.s, I H, C5H4); 
6.75 (d, 1 H, o r = 5.7 Hz); 6.81 (d, 1 H ,  I = 5.7 Hz); 7.33-- 
7.46, 7.75--7.81, 8.31--8.34 (all m, CIoH6). 

Reaction of eyeiopropene 6 with HBF4 etherate. 
HBF 4 �9 Et20 (2 mL) was added to a solution of  cyclopropene 
6 (0.18 g, 0.5 mmol) in 25 mL of anhydrous ether. The 
resulting brown mixture was stirred under  argon for I h, then 
2 mL of DMA was added, and the mixture was again stirred 
for 1 h. Then water (t00 mL) and benzene (50 mL) were 
added to the reaction mixture, the organic layer was separated 
and washed several times with 1% HCI and  with water, and the 
solvent was evaporated in vacuo. Preparative TLC (on silica 
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gel using hexane as the etuent) gave 0.09 g (50%) of propene 
16 as a mixture of Z- and E-isomers (16a : 16b -5 : i), 
0.041 g (17%) o f -7 -  and E-N,N-dimethyl-4-[3-ferrocenyl- 
3-(l-naphthyl)prop-2-enyl)phenylamines (18a,b), and 0.027 g 
(15%) of l-ferrocenyl-3H-benzo[e]indene (7). 

Compgund 16a,b. Rf 0.75 (hexane--benzene, 2 : 1); yel- 
low crystals, m.p. 84--86 ~ ZH NMR for 16b, 6:2.17 (d, 
3 H, CH 3, J = 7.2 Hz); 3.85 (m, 1 H, CsHa); 4.03 (m, 1 H, 
C5H4); 4.07 (s, 5 H, C5H5); 4.09 (m, 1 H, C5H4); 4.40 (m, 
l H, C5H4); 5.74 (q, 1 H, CH=, J = 7.2); 7.34--7.98 (m, 
7 H, CI0H7). 

Compound 18~l,b, Rf 0.42, brown oil. IH NMR, 8:2.84 (s, 
6 H, CH3); 2.89 (s, 6 H, CH3); 2.94 (d, 2 H, J = 6.7 Hz); 
2.98 (d, 2 H, J =  6.6 Hz); 4.06 (s, 5 H, C5H5); 4.08 (s, 
5 H, C5H5); 4.19 (m, 2 H, C5H4); 4.23 (m, 2 H, C5H4); 
4.17 (m, 1 H. C5Ha); 4.26 (m, l H, C5H4); 4.31 (m, 2 H, 
C5H4); 6.68 (t, 1 H, J = 6.7 Hz); 6.92 (t, I H, J = 6.6 Hz); 
7.35--7.60. 7.68--7.75, 7.82--7.93 (all m, 11 H, At). 

Compourld 7, Rf 0.35, yellow crystals, m.p. 136--137 ~ 
tH NMR, 8:3.85 (dd, 2 H, J = 1.2 Hz, J = 6.9 Hz); 3.72 
(m, t H, CsHa); 4.08 (m, i H, C5H4); 4.10 (s, 5 H, C5H5); 
4.25 (m, I H, C5H4); 4.52 (m, 1 H, C5H4); 6.43 (t, I H, J = 
6.9 Hz); 7.15--7.60, 7.75--7.93 (all m, CIoH6). 

X-ray diffraction study of compounds 6 and Zo9. Unit cell 
parameters and the intensities of reflections were measured on 
z Siemens P4/PC diffractometer for compound 6 and on a 
Siemens P4 diffractometer for compound Z-9. The structures 
were solved by the direct method and refined by the least- 
squares method in the full-matrix anisotropic approximation 
for nonhydrogen atoms. All the hydrogen atoms were revealed 
from the difference series and refined isotropically. The crys- 
tallographic data and the parameters of the X-ray diffraction 
experiment and refinement are listed in Table 6. 
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