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ternary iiiiiniuiii system of 2 would afford the four- 
membered cyclic species 3. Rearrangement of 3 by 
shift of two pairs of electrons would thus afford the ob- 
served benzenediazonium nitrate and benzaldehyde. 

Experimental 

A solution of 1.0 g. (0.0055 mole) of N-benzylideneaniline in 
20 ml. of ether was added to a solution of about 1 ml. ( a t  20°, 
1.5 g. ,  0.03 mole) of nitrogen tetroxideg in 20 ml. of ether cooled 
in an  ice bath. After being stirred in the cold for 0.5 hr. ,  the 
mixture was allowed to Btand, without stirring, a t  room tempera- 
ture overnight. The voluminous precipitate which had appeared 
by the next morning was collected by filtration and rinsed with 
fresh ether ( C a ~ t i o n ! ~ ) .  After air drying, the crude benzene- 
diazonium nitrateL0 weighed 0.85 g. (90%) and dissolved com- 
pletely in water. An analytical sample, prepared by dissolving 
a portion of the crude salt in cold methanol and reprecipitating it 
with ether, melted a t  about 100" when placed on a melting point 
block a t  about go', although occasionally detonation occurred 
before melting.1° The salt could also be detonated by a gentle 
tap from a hammer. 

Anal. Calcd. for CsH5530a: C, 43.12; H, 3.03; N, 25.15. 
Found: C, 43.37; H, 3.49; N, 24.87. 

The major bands in the infrared spectrum (Nujol) were a t  
2273 (diazonium); 1563 and 1456 (phenyl C=C); 1408 (nitrate); 
1316, 1302, 1068, 826 (nitrate); and 757 (phenyl CH)  cm.-l. 

The ethereal filtrate remaining from collection of the insoluble 
diazonium salt was washed with two 25-ml. portions of water 
and with saturated sodium chloride, and then dried over sodium 
sulfate. Evaporation of the ether under slightly reduced pres- 
sure a t  room temperature gave an oil which was taken up in 
5 ml. of ethanol. Addition of this solution to a solution of 
1.2 g. of 2,4-dinitrophenylhydrazine, 6 ml. of concentrated 
sulfuric acid, and 9 ml. of water in 30 ml. of ethanol" gave the 
2,4-dinitrophenylhydrazone of benzaldehyde which, after crystal- 
lization from ethanol-ethyl acetate, weighed 0.93 g. (59%) and 
melted a t  243-244" (uncor.), lit.ll m.p. 237'. 

(9) Commercial grade, obtained from the Matheson Co., Inc., East 
Rutherford, N. J. 
(10) P. Griess, ,J .  Chem. Soc., 90, 40 (1867), reported that benzenediaso- 

nium nitrate explodes violently when heated. 
(11)  R. L. Shriner, R. C. Fuson, and 1). Y. Curtin, "The Systematic 

Identification of Organic Compounds." 4th Ed., John Wiley and Sons, Inc., 
New York, N. Y.,  1956, p. 219. 
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One phase of an investigation toward the synthesis 
of difunctional ferrocenes as polymer intermediates and 
additives132 involved the reaction of cyclopentadienyl- 
sodium with functionally substituted alkyl halides and 
conversion of the products to ferrocenes. Although 
reactions of alkali metal derivatives of cyclopentadiene 
with alkyl halides to form alkylcycloperitadienes have 
been known for some time,3 investigation of the prepara- 
tion of cyclopentadienes containing reactive functional 

(1) Paper VI: R. L. Schaaf and C.  T.  Lenk, J .  078. Chem., '28, 3238 
(1963); Paper V: R. L. Schaaf and C. T. Lenk, J .  Chem. Ene. Data, 8 ,  
103 (1964). 

( 2 )  This investigation was conducted under Air Force Contract h F  
33(616)-7214. monitored by the A F  Materials Laboratory, Research and 
Technology Division. U. S. Air Force. 

(3) K .  Alder and H. Holarichter, Ann. ,  624, 145 (1936). 

groups by this method has been very liniited. In  
particular, no information was available on the site of 
attack by cyclopentadienylsodium on alkyl halides 
with ester, nitrile, and acetal substituents. 

Since completion of the present work, Kresze, et al., 
described the reactions of this reagent with CH30CH2C1 
and CH300CCHzC1 to give the cyclopentadienyl deriv- 
atives in 62 and 30% yields, while CH30CHzCHzI 
gave both mono- and bis(P-1nethoxyethyl)cyclopen- 
tadienes in a 1 : 2 to 1 : 3 ratios4 The recently reported 
reaction of cyclopentadienylsodium with epichloro- 
hydrin involved attack of the epoxy groups5 A func- 
tional group survived in the reaction of the acyl halide, 
methyl chloroformate, and both carboniethoxycyclo- 
pentadiene and bis( carboniethoxy) cyclopentadiene were 
obtained.6 

In  the present work, addition of methyl 3-broniopro- 
pionate to cyclopentadienylsodiuni at - 70' afforded 
51% p-carboniethoxyethylcyclopentadiene and 15% 
bis(p-carbomethoxyethyl)cyclopentadiene.7 The bis 
conipound undoubtedly arose via transmetalation of 
the mono cornpounds by cyclopentadienylsodiuni. 
Similarly, (cyanoniethy1)cyclopentadiene was obtained 
from chloroacetonitrile in 43% yield; in this case no 
bis compound was isolated, and there was considerable 
distillation residue. 

A mixture of chloroacetal and cyclopentadienyl- 
sodium in tetrahydrofuran refluxed for several hours 
furnished 29% P,p-diethoxyethylcyclopentadiene. De- 
spite the lengthy heating period, the product had not 
dimerized but distilled at pot temperatures well below 
the usual depolymerization temperatures of cyclopen- 
tadienes.8 It is interesting to note that reactions of 
phenyllithium and butyllithiuiii in ether with chloro- 
acetal failed to yield the desired acetals9 

RX 
CsH5Na + C5H5R 

R = CH2CH,COOCH3, CHzCN, and CH2CH(OCH2CHa)2 

Treatment of a mixture of cyclopentadienyllithium 
and cyclopentadiene in tetrahydrofuran with excess 
ethylene oxide and work-up 1 hr. after the exotherm 
began near 40' yielded 5% P-hydroxyethylcyclopen- 
tadiene and 13.5% bis(P-hydroxyethy1)cyclopentadiene. 
The reaction of cyclopentadienylsodiuni with ethylene 
oxide during 0.5-hr. reflux in ether was described by 
Boberg and $chultz, who obtained dimeric p-hydroxy- 
ethylcyclopentadiene in 12.5% yield.'O 

That the above-mentioned cyclopentadienyl com- 
pounds did indeed contain the cyclopentadiene ring 
was shown by ultraviolet and infrared spectra. All the 

(4) G. Kresze, G. Schultz, and H. Walz, ibid., 866, 45 (1963). 
(5) H. Schaltegger, Helv. Chim. Acta, 46, 1368 (1962); K. F. Bangert and 

V.  Boekelheide, Tetrahedron Letters, 17, 1119 (1963). 
(6) D. Peters, J .  Chem. Soc., 1757 (1959). 
(7) Compounds containing a monosubstituted cyclopentadiene ring are 

referred to here without designation of the relative positions of substit- 
uents and double bonds in the ring. The position was not critical t o  the 
investigation, inasmuch as the final products were ferrocenes, in which the 
ring positions are equivalent. 

(8) A complication encountered with most work on cyclopentadiene 
cornpounds is the tendency of cyclopentadienes to self-condense in Diels- 
Alder fashion to give dimers and higher polymers. Depolylneriaation to the 
monomers above 150° can sometimes be accomplished even with dicyclo- 
pentadienes containing functional groups; cf. D. Peters, J .  Chem. Sbc., 
1832 (1960). 
(9) C.. .Jones and H. D. Law, ibid., 3631 (1958). 
(10) F. Boberg and G. R.  Schultze, 2. Naturforsch., lob, 721 (1955); 

c j ,  H. K. Wiese and C. A .  Cohen, A m ,  Chem. Soc. Diu. Petrol. Chem. Sum- 
posia, S b S ,  27 (1955); Chem. Abstr.. 61, 8664 (1957). 
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TABLE I 
SUBSTITUTED CYCLOPENTADIENES, C5Hs-R 

Amax, mp 
KO. R Formula B.P., 'C. (mnl.) (log n % D  

1 CHlCHzCOOCH3 CgHi202 51-51.5 (0.7) 249 (3.43) 1 4719 
2 CH>CH&OOCH8' Ci3His04 112-122 (0.7) 246 (2.63) 1 4779 
a CHICS C?H,N 32-34(0.6) 244(3.55) 1 4851 

4 CHeCH(OCH&H3)2 CiiHis02 43 (0.3) 248(3.59) 1 4542 
5 CH&H,OH C7HioO 33-34 (0.3) 246 (3.10) 1 4917 
6 CH2CH,0Hh CgHiaO2 118-150 (0.4) 252 (3.37) 
I n  cyclohexane for compounds 1, 2, and 4, and in ethanol for compounds 3, 5, and 6. 

diene. c Sitrogen, 7c. 

cycloperitadienes showed strong absorption in the ultra- 
violet a t  244-232 iiip (Table I), as would be expected of 
"alkyl" cyclopentadienes (cyclopentadiene, Amax 238 
iiip ; a 1-methyl group contributed 7 nip11; 5,5-diniethyl- 
cyclopentadiene, Amax 250 nip12). In  addition, all 
showed strong absorption in the infrared a t  11-11.3 p,  a 
region known to be characteristic of a double bond in a 
cyclopentyl ringI3; the absorption for bis(6-carbo- 
methoxyethy1)cyclopentadiene was medium weak. 
Strong bands in this region readily differentiated the 
monomers from the dimers, which showed weak absorp- 
tion a t  most, in the three cases examined, uiz., dicyclo- 
pentadiene, di(P-hydroxyethylcyclopentadiene), and 
di(cyanoiiiethylcyc1opentadiene). 

Froin a reaction of ethyl chloroacetate and cyclopen- 
tadienylsodium, the two products isolated showed maxi- 
mum absorption in the ultraviolet a t  268 nip, well above 
the maxima of the cyclopentadienes but coincident with 
the region for dienes conjugated with an ester carbonyl 
group. Evidently, double bond migration occurred 
to give 6-carbethoxy-3,4-dihydrofulvene (29%) and 
carbethoxyiiiethyl-6-carbethoxy-3,4-dihydrofulvene 
(12%). 

CsHsNa ClCHzCOOCHzCHs ~ C H G O O C H ~ C H ~  

29% 
-!? 

RCHCOOCH~CH~ 
CH~COOCH~CHS 

12% 

The preparation of difunctional ferrocenes via mono- 
functional cyclopentadienyl intermediates has been 
described in a number of publications. Thus, in partic- 
ular instances sandwiching has been successful in the 
presence of the following groups : ca rborne tho~y ,~~  
a ~ e t y l , I ~ . ~ 5  diethylaniinoalkyl,16 phenylazo," niethyl- 
diet hoxysilyl, piperidinodinieth ylsilyl, la hexamet hyl- 

(11) D. Peters, J .  Chem. Soc., 1761 (1959). 
(12) R. S. Rouse and W. E. Tyler, 111, J .  Org. Chem., 16, 3535 (1861). 
(13) J. Thiec and J. Wiemann, Bull. aoc. chim. France, 207 (1958). 
(14) J. h l .  Osgerby and P.  L. Pauson, J .  Chem. Soc., 4604 (1961). 
(15) M. A. Lynch, Jr . ,  and T .  C. Brantley, British Pa ten t  785,760 

(Nov. 6, 19.57). 
(16) G. R. Xnox. J. D. Munro, P .  L. Pauson, G. H .  Smith, and W. E. 

Watts ,  J .  Chsm.  Soc., 4619 (1961). 
(17) G. R .  Knox and P. L. Pauson, i b i d . ,  4615 (1961). 
(18) R. L. Schaaf, P. T .  Kan,  and C. T. Lenk, J .  Oru. Chem., 26, 1790 

(1961). 

- Carbon, %-- -Hydrogen, To---- 
Calcd. Found Calcd. Found 

71.02 71.19 7.95 7.90 
65.53 65.59 7.61 7.60 
79.98 79.99 6 .71  6.78 

13. 34c 13.  5OC 
72.49 72.23 9.95 9.84 
76.32 76.46 9 .15  9.24 
70.10 69.69 9.15 8.94 

R in CbHaRn, a disubst,ituted cyclopenta- 

disiloxanyl,lg and the sodium salt of an alcohoLZ0 
Treatment of P,P-diethoxyethylcyclopentadiene in 

tetrahydrofuran with isopropylmagnesiuni chloride a t  
- 10' followed 0.5 hr. later by ferrous chloride yielded 
(upon addition of water) up to 39% of l,l'-bis@,@-di- 
ethoxyethy1)ferrocene and 2% of an oil, C33H52Fe06; 
24-277, of the starting acetal was recovered. When 
isopropylmagnesiun chloride and the acetal were in 
contact for 2 hr. instead of 0.5 hr. before addition of 
ferrous chloride, 61% of the starting acetal was re- 
covered after hydrolysis 2 days later. 

When p-hydroxyethylcyclopentadiene (1 equiv.) was 
treated with butyllithium (1.4 equiv.) followed by fer- 
rous chloride, 19% 1,1 '-bis(p-hydroxyethy1)ferrocene 
was isolated and 14% of the starting cyclopentadienyl 
compound was recovered. In  addition, an oil, C28H38- 
FeO?, was obtained in 13% yield. The ultraviolet and 
visible spectra of this oil, which were very similar to 
those of the material C33HE2Fe06 mentioned above, 
showed maxima near 440 mp (log E 2.25), characteristic 
of ferrocenes, but both showed absorption in the 240- 
440-mp region greater than that of ferrocene. Because 
of the high probability that these oils were a mixture of 
a number of position isomers, they were not investigated 
further.Z1 

I n  a total of four experiments, attempts to convert 
compounds 1, 3, and 6, Table I,  to ferrocenes were un- 
successful. For example, treatment of (cyanomethy1)- 
cyclopentadiene in tetrahydrofuran with methyllithium 
in ether a t  - 70' caused gas evolution, which would in- 
dicate formation of the desired lithium derivative, but 
stirring the mixture with ferrous chloride a t  -20° for 
8 hr. and subsequent hydrolysis gave no ferrocenes. 

(19) R. L. Schaaf, P. T. Kan ,  C. T. Lenk, and E. P. Deck, i b i d . ,  16 ,  
1986 (1960). 
(20) R. E. Benson and R.  V. Lindsey, J r . ,  J .  A m .  Chem. Soc., 7 8 ,  5471 

(1957). 
(21) Tha t  the compounds are not mixtures of ferrocenes and iron-free 

compounds is suggested b y  their compositions. Thus,  Ca~HslFeOs = 
3(CaHsCHzCH(OCHCHa)z) + Fe - 2H,  and C ~ H s n F e 0 ,  = 4(CaHsCH2- 
CHIOH) + Fe - 2H. Another oil t ha t  contained three units of precursor 
per iron atom less two hydrogen atoms was obtained in a related reaction 
bu t  not described because the structure of the precursor was not sufficiently 
established. All three oils were sharp chromatography fractions. 
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Experimentalz2 

p-Carbomethoxyethylcyclopentadiene and Bis( p-carbomethoxy- 
ethy1)cyclopentadiene.-Under a nitrogen stream, 11.5 g. (0.5 
g.-atom) of sodium was added to 500 ml. of tetrahydrofuranz3, 
followed by 50 rnl. of cyclopentadiene. After the mixture was 
stirred for 45 min. a t  room temperature and refluxed for 2 hr.  
wit,hout nitrogen flow, an  additional 6 ml. of cyclopentadiene was 
added through the condenser and the mixture was refluxed until 
the sodium was gone (30 min.). The colorless solution of cyclo- 
pentadienyl~odium2~ was cooled in a - 70" bath under a nitrogen 
stream, and 83.5 g. (0.5 mole) of methyl 3-bromopropionate was 
added in one portion; the temperature rose to  about 25". After 
the mixture was stirred for 10 min. without the bath,  150 ml. of 
petroleum ether ( 3 c 6 0 " )  was added, the mixture was poured into 
water, and the aqueous layer was extracted with ether. The or- 
ganic layers were combined, dried with magnesium sulfate, and 
solvent was removed in mcuo at, or below room temperature. 
Distillation of the residue under nitrogen through a short Vigreux 
column gave 34.1 g.  (45%) of p-carbomethoxyethylcyclopen- 
tadiene, b.p.  46-48' (0.2 mm.), 15.7g.of material, b.p.  104-110" 
(0.3 mm.), and left essentially no residue. Redistillation of the 
first fraction furnished compound 1, Table I .  Redistillation of the 
second fraction gave 4.2 g.  (6%) of additional p-carbomethoxy- 
ethylcyclopentadiene, b .p .  51-58' (0.7 mm.), and 8.91 g. (15% 
based on the halide) of bis( 6-carbomethoxyethy1)cyclopentadiene 
(compound 2, Table I ) .  
(Cyanomethy1)cyclopentadiene.-In the manner of the pre- 

ceding experiment, 37.8 g. (0.5 mole) of chloroacetonitrile was 
added to cyclopentadienylsodium in tetrahydrofuran a t  - 50", 
the mixture was maintained a t  5-12' for 10 min., after an ex- 
otherm near -20", and 50 ml. of petroleum ether was added. 
The mixture was then worked up as above, the organic material 
was distilled,25 and the distillate was collected in a receiver in a 
-70" bath to give 21.2 g. (407.) of (cyanomethy1)cyclopenta- 
diene, b .p .  mainly 35-38' (0.8 mm.; later fractions as low as 28"). 
The residue (16 9 , )  was a soluble tar.  Material trapped at  -70" 
beyond the receiver was redistilled to give an additional 1.4 g.  
(3%) of the nitrile, b .p .  33" (0.6 mm.).  Combination and redis- 
tillation gave compound 3, Table I. 

In  an initial run, in which distillation was too rapid for com- 
plete depolymerization, a sharp fraction, b.p.  142" (0.13 mm.),  
was obtained and assumed to be dimerized (cyanomethy1)cyclo- 
pentadiene. Infrared bands a t  11 to 11.3 p were medium-weak. 

p,p-Diethoxyethylcyc1opentadiene.-A mixture of 1.97 moles 
each of chloroacetal and cyclopentadienylsodium in tetrahydro- 
furan refluxed for 15 hr.  furnished 105 g.  (29Yc) of p,p-diethoxy- 
ethylcyclopent,adiene (compound 4, Table I )  after two distilla- 
tions. In addition, 168 g .  of other substitut'ed cyclopentadienes 
were obtained, b.p.  8G143" (0.13-0.3 mm.),  Xmax 246-248 mp 
(log e 3.3-3.6), two fractions. 

p-Hydroxyethylcyclopentadiene and Bis( p-hydroxyethy1)cyclo- 
pentadiene.-To 132 g. (2  moles) of cyclopentadiene in 1000 ml. 
of dry tetrahydrofuran m an ice bath was added 840 ml. (1.35 
moles) of 15% butyllithium in hexane below 15' under nitrogen, 
and the mixture was stirred for 1 hr.  Ethylene oxide (I50 ml., 
3 moles) was added in one portion under a -70" condenser and 
the ice bath was replaced by a hot water bath until the tempera- 
ture reached 30". The temperat,ure continued to rise, and near 
40" it rose rapidly. Quick application of an ice bath lowered the 
temperature from 50 to about 40'; the mixture became lumpy. 
hfter an additional hour a t  36-43" without external heating, the 
mixture was treated with 1 1. of water under nitrogen, the aqueous 
phase was extracted with ether, and the combined organic layers 
were dried and evaporated in uacuo to low volume. Distillation 
gave a 13.3-g. fraction, b .p .  25-44" (0.3-0.6 mm.),  which upon 
redistillation furnished p-hydroxyethylcyclopentadiexle (com- 

(22) All distillations of cyclopentadienyl or ferrocenyl compounds were 
conducted under nitrogen. and cyclopentadienyl compounds were stored 
below OD. Melting points and boiling points are uncorrected. Analyses 
were performed b y  Galbraith Laboratories. Inc.. Knoxville 21,  Tenn. 
Ultraviolet and visible spectra were determined on a Perkin-Elmer spectra- 
cord IIodel  4000 and a Beckinan Model DU quartz spectrophotometer. 
Infrared spectra were obtained with a Baird infrared recording spectro- 
photonieter. 

(23)  Freshly distilled into the reaction flask from lithium aluminum 
hydride under nitrogen. 

('2.1) E. 0. Fischer and H. Grubert ,  C h e n .  Ber . ,  92, 2302 (1959). 
( 2 5 )  The distillation was in par t  a slow depolymerization with the pot  

teniperaturr finally a t  210' 

pound 5, Table I ) .  Continuation of the first distillation yielded 
bis( p-hydroxyethy1)cyclopentadiene (compound 6, Table I ) .  

In  a second run, 2 moles of butyllithium was employed, with 
all other quantities unchanged, but the amount of p-hydroxy- 
ethylcyclopentadiene isolated was negligible. 

6-Carbethoxy-3,4-dihydrofulvene and Carbethoxymethyl-6- 
carbethoxy-3,4-dihydrofulvene.-Ethyl chloroacetate was sub- 
stituted for methyl 3-bromopropionate in the above procedure for 
8-carbomethoxyethylcyclopentadiene and the reaction mix- 
ture was stirred overnight a t  room temperature; an exotherm 
occurred near -10". After two distillations, 21.2 g. (287{~) of 6- 
carbethoxy-3,4-dihydrofulvene was obtained, b .p.  45-47' (0.3- 
0.4 mm.), n z 5 ~  1.5049, Xmax 268 mp (log c 4.22, ethanol). Absorp- 
tion in the infrared at  5.85 p (medium) suggested that the prod- 
uct was contaminated with a singly conjugated ester. The in- 
frared spectrum also showed strong bands at  5.95, 6.24, 8.36, 
and 8.93 p .  

Anal. Calcd. for CgH1202: C,  71.02; H ,  7.95. Found: C ,  
70.94; H,  7.85. 

Redistillat'ion of a fraction, b.p.  85-180" (1.3 mm.),  furnished 
0.5 g.  (0.7%) of additional diene, b.p.  4G45" (0.3 mm.), and 7.2 
g. (12%) of liquid, b.p. 118-121" (0.2 rnrn.), n Z 6 ~  1.4944, X,,, 
268 mp (log e 4.17, ethanol). The infrared spectrum showed 
strong bands a t  5.83, 5.94, 6.23, and 7.8-8.9 p ,  and a medium 
weak band a t  11.2 p .  The spectral data and analyses indicated 
that the liquid was carbethoxymethyl-6-carbethoxy-3,4-dihydro- 
fulvene. 

Anal. Calcd. for Cl3HlsO4: C,  65.53; H, 7.61. Found: C, 
65.70; H ,  7.63. 

Run 1. 
-1sopropylmagnesium chloride solution was prepared by dropwise 
addition of 3.2 ml. of isopropylmagnesium chloride to 0.91 g. 
(0.0374 g.-atom) of magnesium in 9 ml. of dry ether, after the 
reaction had been initiated by a drop of ethyl bromide and 1 .0 rnl. 
of isopropyl chloride. The solution was added in 5 min. to 6.16 
g. (0.0338 mole) of p,p-diethoxyethylcyclopentadiene in 40 ml. of 
dry tetrahydrofuran a t  -10" under nitrogen, the mixture was 
stirred for 25 min. a t  - lo" ,  and 2.14 g. (0.0169 mole) of ferrous 
chloride was added in one portion. The cooling bath was removed 
but applied again after about 10 min. to prevent loss by frothing. 
After the mixture was stirred overnight without the bath, it was 
added to water along with 50 ml. of petroleum ether. The aque- 
ous layer was ext,racted with chloroform, filtered, and the com- 
bined organic layers were dried. Removal of solvent and rapid 
distillation of the residue gave 1.50 g.  (24%) of recovered acetal, 
b.p.  32-37' (0.12 mm.), and 2.75 g. (39%) of l,l'-bis(p,p-di- 
ethoxyethyl)ferrocene, b.p. 156-162" (0.12-0.2 mm.), nZ6o 1.5096. 

Anal. Calcd. for CzzH31Fe04: C, 63.16; H ,  8.19; Fe, 13.35. 
Found: C,63.36; H,8.35; Fe, 13.43. 

Run 2.-The procedure used in run 1 was repeated except that 
the mixture, after addition of isopropylmagnesium chloride, was 
stirred for 2 hr. a t  - 10 to -20" instead of 25 min. After ferrous 
chloride was added, the mixture was stirred for 2 days. Dis- 
tillation gave 3.73 g. (617,) of starting acetal (infrared compari- 
son), b.p.  39-42" (0.3 mm.).  

Run 3.-The procedure of run 1 was employed with 0.5 mole 
of acetal and 0.555 g.-atom of magnesium. Distillation of an 
aliquot gave 25% starting acetal, b.p.  28-34' (0.14 rnrn.). Slow 
continued distillation resulted in decomposition, and no ferrocenes 
were isolated. A second aliquot was chromatographed on Florisil 
in pet,roleum ether by elution with petroleum ether, benzene, and 
2: 1 benzene-ether. Material eluted with the last eluent was 
kept in a bath a t  85" (0.5 mm.)  to remove starting material; 
the infrared spectrum of the residue was the same as that of the 
desired ferrocene (14%; yield). A third aliquot was filtered 
through a column of Florisil in chloroform and eluted with chloro- 
form and with ether. Material eluted with chloroform was dis- 
tilled to give 24Yc starting acetal and 13c/, 1,l'-bis(p,p-diethoxy- 
ethyl)ferrocene, b .p .  132" (0.45 mm.) to 172' (1.0 mm.) Mate- 
rial eluted with ether was removed as a small sharp band, ele- 
mental analyses on which agreed fairly well for a compound con- 
taining three units of starting acetal (less two hydrogen atoms) 
per iron atom (2% yield). 

dna l .  Calcd. for C33H62Fe06: C, 65.99; H ,  8.73; Fe, 9.30. 
Found: C ,  65.29; H,  8.77; Fe, 9.02. 

1,l '-Bis( (3-hydroxyethy1)ferrocene and CzsH3sFeOa.-A'solution 
of 9.75 g. (0.0885 mole) of p-hydroxyethylcyclopentadiene in 75 
ml. of dry tetrahydrofuran under nitrogen in an ice bath was 
treated with 77 ml. (0.124 mole) of 15Yc butyllithium in hexane 
during a 30-min. period. After 1.5 hr., 5.60 g. (0.0443 mole) of 

1,l '-Bis(p,p-diethoxyethy1)ferrocene and C33H52Fe06. 
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ferrous chloride was added to the slightly opaque solution and the 
mixture was stirred overnight without the bath. It was then 
added to a solution of 10 ml. of concentrated hydrochloric acid in 
100 ml. of water, the aqueous layer and oil were extracted with 
chloroform, and the combined organic layers were dried and 
taken to dryness. The residue was distilled to remove unreacted 
p-hydroxyethylryclopentadiene [1.35 g. (14'%), b.p. 2 b 3 0 "  (0.2 
mm.)],  the distillation residue (6.52 g.)  was dissolved in chloro- 
form, and one-fourth of the solution was chromatographed on 
Florisil in benzene. Elution with benzene and benzene-ether 
was unfruitful, but subsequent elution with ether slowly removed 
0.89 g. of colored material, which after two crystallizations from 
ether gave 0.59 g. ( 19yG) of 1,l'-bis(p-hydroxyethyl)ferrocene, 
m.p. 43-45'. 

Anal. Calcd. for CI4Hl8FeOP: C, 61.34; H ,  6.62; Fe, 20.37. 
Found: C, 61.31; H, 6.76; Fe, 20.52. 

Subsequent elution with acetone removed 0.45 g. of liquid, 
which was extracted with dry ether, the extract was taken to dry- 
ness, and the residue was extracted with 20 ml. of dry ether. 
Removal of solvent from the extract left 0.35 g. (1370 of amber 
oil, elemental analyses on which agreed fairly well for a compound 
containing four units of starting material (less two hydrogen 
atoms) per iron atom. 

Found: C,67.48; H,7.7S; Fe, 10.83, 11.15. 
Anal.  Calcd. for C28H38Fe04: C, 68.01; H ,  7.75; Fe, 11.30. 
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lJ3,5-Cycloheptatriene is a versatile chemical inter- 
mediate used as a starting material for preparation of 
tropoloneJ1 troponeJ2 and tropylium3 salts. A con- 
venient synthesis of high purity cycloheptatriene would 
facilitate work on these aromatic ring systems and on 
seven-membered ring compounds generally. Recent 
methods of synthesis of cycloheptatriene have involved 
reaction of diazoniethane with b e n ~ e n e , ~  pyrolysis of 
7,7-dichloronorcaraneP and pyrolysis of bicyclohepta- 
diene.6 The latter procedure is presently the most use- 
ful for large-scale preparations but gives a product con- 
taminated with 7% toluene which is difficult to remove. 
Furthermore, the maximum yield is 45%. 

The synthesis reported here is a modification of the 
7,7-dichloronorcarane pyrolysis procedure of Winberg. 
Winberg passed 7,7-dichloronorcarane through a pyrol- 
ysis tube packed with short lengths of glass tubing 
heated at  490-520'. He obtained a 57% yield of hy- 
drocarbon consisting of 35% cycloheptatriene and 65'% 
toluene. The over-all cycloheptatriene yield was 14Yc. 
The origin of the toluene formed under Winberg's condi- 
tions was not established. It might have been a co- 
product formed at  the same time as the cycloheptatriene 

(1) W. van E. Doering and L. H. Knox, J .  A m .  Chem. Soc., T0, 2305 
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(2) A. P. Ter Borg, R. Van Helden, and A. F. Blckel, Rec. t m u .  ch%m., 81, 
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(3) A. P. Ter Borg. R. Van Helden, and  A. F. Bickel. zbzd.,  81, 164 (1962). 
(4) E. Muller and H. Fricke, Ann., 661, 38 (1963). 
(5) H. Winberg, J. Org. Chem.. 04, 264 (1959). 
(6) W. G. Wood, zbzd., 09, 110 (1958). 

or it might have resulted from isomerization of cyclo- 
heptatriene. 

The conditions chosen for our study of the pyrolysis 
of 7,7-dichloronorcarane were 444' over lump calcium 
oxide. These conditions were chosen to minimize any 
thermal or hydrogen chloride catalyzed isomerization of 
cycloheptatriene to toluene. Aerosol formation was a 
problem and some product was lost by entrainment 
during condensation of the pyrolysate. Examination of 
the crude condensate by gas-liquid chromatography 
showed a single hydrocarbon peak, a peak for unreacted 
dichloronorcarane, and twin peaks at an intermediate 
retention time. Separation of cycloheptriene by dis- 
tillation gave 63Y0 of a product having no toluene bands 
in its infrared spectrum. No toluene was detectable on 
gas-liquid Chromatography. The procedure used 
would have detected 2% toluene. The distillation 
fraction corresponding to the twin peaks at  intermediate 
retention time appeared from its infrared spectrum to 
be a mixture of chlorocycloheptadienes. This iden- 
tification is consistent with the observed boiling point. 

The mechanism by which cycloheptatriene is formed 
from 7,7-dichloronorcarane was not studied. The pres- 
ence of two chlorocycloheptadienes in the crude product 
would be consistent with chlorocycloheptadienes serving 
as intermediates. The work of Kloosterziel' makes rea- 
sonable the occurrence of 1,5-hydrogen shifts in l- and 
2-chlorocycloheptadiene-lJ3. This would permit isom- 
erization of chlorine from a stable vinylic position to an 
allylic position where it could be readily eliminated as 
hydrogen chloride. The reaction sequence 

c1 c1 
c1 

0 4 
t- 

c1 Q 0-0-0 
is consistent with the known facts. 

The effect of calcium oxide on the pyrolysis of bi- 
cycloheptadiene was studied qualitatively to see if the 
toluene content of the pyrolysate was reduced. No 
change in toluene content was detected. Since pyroly- 
sis of 7,7-dichloronorcarane under identical conditions 
yielded toluene-free cycloheptatriene, the toluene in 
bicycloheptadiene pyrolysate must arise independently 
of cycloheptatriene. Klunip and Chesick came to this 
same conclusion from comparing the pyrolysis rate of 
bicycloheptadiene with the rate of thermal rearrange- 
ment of cycloheptatriene to toluene.8 

Experimental 

Cyc1oheptatriene.-The apparatus consisted of a dropping 
funnel and a nitrogen inlet atop a Pyrex tube (30 X 2.8 cm.) 
charged with 140 g. of lump calcium oxide. The receiver train 
was an ice-cooled 50-ml. filter flask followed by a Dry Ice cooled 
U-tube. The calcium oxide was heated to 444' by a tube furnace. 
Then 50 g. (0.30 mole) of 7,7-dichloronorcarane was added from 
the dropping funnel during 1.5 hr., while maintaining a nitrogen 
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