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AMract-Reactions of l,ldibromo-2-vinykyclopropanc dcrivativlw with Mati yielded cydo- 
pcntadicnca as tllc tin products togcthcr with wnall amountS of allcnic compounds (Table 1). 
By the same reaction 2,2,2’,2’-tctrabromobicydopropyl dcrivativcs yiddcd, in alI but one case, only 
sarrll amounts of diallcncs; the exception is the cxdusivc form&m of 2,7dimctbyl-2,3J,6.octate- 
tmene, (XIiI) from 2JJ.r-tctrabromc+3.3,3’,3’-tetrunah ybicydopropyl (?CIl). From hvo otbcr 
reactions tbc major products were identified u 2,Mimcthylfulvcne (XVI) and 1,2dimcthylfulvcnc 
(XVIII) tcapcetively. Pmible mechanisms for the rcarrangcmcnt leading to the cyclic compounds are 

IN A previous paper’ the reaction of gemdibromocyclopropanes of the general 
structures I and II, n > 0, with me~yIIi~um was reported. From compounds 
where n = 2, tricyclo(4.1 .0.@*6]heptane derivatives were obtained besides the ex- 

petted allenic compounds, which in the other cases were the major or exclusive 
products. The present work describes reactions with methytlithium of compounds I 
and II when these are derivatives of vinylcyclopropane and bicyclopropyl, respectively 
(n = 0)s In most reactions only small amounts of allenes were formed; surprisingiy, 
cyclopeatadienes or fulvenes constituted the main part of the products. 

The starting materials were prepared by addition of dibromocarbene to the 
respective conjugated dienc .a The reactions with ethereal methyllithium were normally 
carried out at -78” as previously described. I*’ Gas chromatographic analysis was 
always carried out on the ether solution of the product prior to evaporation of solvent, 
When feasible, pure samples of each compound were obtained by preparative scale 
gas chromatography. The results from the reactions of the vinylcyclopropane deriva- 
tives are summarized in Table 1. 

The allenic compounds were quite readily identified despite the small amounts 
available and their general instability. The sharp intense infrared band in the 1950 

a Pan V, L. Skatttbel. 1. Org. Chcm. 31.2789 (1966). 
* Part of this study has been reported in a preliminary communication, L. Skattebel, Gem. 6: Ind, 

2146 (1962). 
* L. Skattebel, 1. Org. Chem. 2!?,2951 (1964). 
( L. Skattcbel, Acru. Ckcm. .!?~a&. 17, 1683 (1963). 
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TAB= 1. RECIION OP 2-(l-alkenyl)-l,l-oxsttouocu CIBPROPANES WITH 

um~~u.rrtnu~ AT -78” 

Prod- (% of mixture) 

Cyclopcntadimea AlknCa 

RI-8 = H 

R’ = Me 
RI _ R’.’ _ H 

R’ = R’ - Me 
R’ _ R’ = Rb I H 

R’ = R’ - Me 
R’ z. R’ x R’ Y H 

R’ Y R’ _ R‘ = Me 
R’ = R’ _ H 

WI) Cyclopcntadiene (86) 
(IV) l-methyl- (48) 

2-mcthyl- (35) 
00 l-methyl- (14) 

2-mcthyl- (71) 
(VI) 1,2&ncthyl- (98) 

(YIJ) 1.3-dimcthyl (48) 
1 &dimcthyl (20) 

(VIJJP 2,5,5-trimethyl (70) 

l.f4-pcotatriene (14) 
3-methyl-1,2+pcntatriene (17) 

1.3.4hexatricne (15) 
1,2,4hcxatriene 
3,4-&rncthyI-1.2,~pntatrien~ 

Irons-2.3.5~heptatriene (32) 

2,5dimclhyl-1,3,4-hexatricne (7Y 

l Mixture of l,l-&bromo-2-methyl3-vinykyclopropane (40%) and l,ldibromo-2-(2-propenyl) 
cydopropane (60 YJ. 

b Not isolated. 
a Some (<lo’/3 of the isomer l,ldibromo2,2-dimcthyl-3-isopropenylcyclopropane was present. 
’ 2.4Diihyl-1,3.5-hcxauicne was also isolated from this mixture. 

cm-l region. characteristic of the allenic grouping, was present in all the samples. 
The ultraviolet spectra were as expected quite similar to those of related conjugated 
diencs. A few vinyl allenes have recently been reported.b-6 

The cyclopentadienes were characterized by both physical and chemical means. 
The isomer ratio was determined by gas chromatographic analysis on dimethyl- 
sulfolaoc and &!?‘-oxydipropionitrile columns. The NMR spectra of the hydrocarbons 
and their N-phenylmaleimide or maleic anhydride adducts established unquivocally 
the structures recorded in the Table.’ 

Among the cyclopentadieoes recorded in the Table only the 2,5,5,-trimethyl 
derivative could be distilled practically unchanged, which is in accord with previous 
observationsi that the rate of dimerization decreases as the number of methyl sub- 
stituents increases. Isomerizatioo of 5Jdisubstituted derivatives requires relatively 
high temperatures. l1 The mixture of 1,3- and l+dimethyl cyclopentadieoes did not 

8 A. A. Petrov and A. V. Fedorova, Russiaa C/rem. Rev. 30,l (1964). 
’ 4 M. Bertrand. C.R. Ad. Sci. Paris 274, 824 (1958); b R. Srinivaaan. J. Amer. Chem. Sot. 83, 

2806 (1961); c H. Prinzbach and E. Druckrcy. Terruhedron Lcfrrrs 2959 (1965’); d K. J. Crowky. 
Proc. Chcm. Sot. 17 (1964); l K. L. Mikolajczak, M. 0. Baglcy, R. B. Batca and 1. A. WOW, 
J. Or;p. Chem. JO.2983 (1965). 

’ While this work was in progress Mironop cr al. and McLean and Haynes’ reported an extensive 
study on the preparation and iaomerization of mono- and polymcthyl-substituted cyclopentadienu. 

’ V. A. Mironov. E. B. Sobokv and A. N. Elimrova, Tefruhedron 19, 1939 (1963) and earlier work 
rcfcrcd IO therein. 

* Q S. McLean and P. Haynes, Trrmahedron 21, 2313 (l%S); b Ibid. 21, 2329 (1965); e Ibid. 21 
2343 (1965). 

I* V. A. Mironov, T. M. Fadceva, E. V. Sobolev and A. N. Elirarova. 1. Gen. Chem. U.S.S.R. 33 
77 (1963). 

I‘ J. W. deliaan and H. Kloosccrr.icl, Rec. True. Chlm. 84,1594 (1%5). 
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change in isomer composition even alkr heating at 100“ (dimers were formed), 
whereas equilibrium mixturcP were obtained from the other methyl- and dirncthyl- 
cyclopcotadienc5, upon similar treatment. 

From the reaction of the cyclopropane derivative VIII a third isomer was obtained. 
The ratio of this compound to the cyclopentadiene derivative varied with the 
reaction temperature while the amount of the allenic isomer remained practically 
constant; at -78” the ratio was ~1:3 and at 0” ~2:3. The compound was isolated 
by preparative gas chro~to~aphy. The ultraviolet maxima at 274 sh., 263, 254 
and 247 sh. rnp strongly indicate the presence of a conjugated triene,l* and the IR 
spectrum shows bands at 930 and 895 cm’ ’ characteristic of a vinyl group. Catalytic 
hydrogenation afforded 2,4dimcthylhexane. These results are all in accord with the 
structure Z,~imcthyl-1~3,~hc~triene (IX), which is confirmed by the NMR spec- 
trum. The configuration about the central double bond is not made apparent by 
the IR or NMR spectra; however, the lack of fine-structure and the relatively low 
intensity of the UV absorption are indicative of a eis configuration,la which is further 
substantiated by the lack of reactivity towards maleic anhydride. The UV spectrum 
of the ether solution of the total reaction product contains no absorption indicative 
of the triene IX, whereas in the total distilled product it is present. Hence, this 
compound is an artifact formed by thermal treatment (distillation, gas chromatog- 
raphy) of the reaction mixture. 

In addition to the results summarized in Table 1, the treatment of 7,7dibromo- 
[4.l.O]hept-2-ene (X) with methyllithium at -78’ in ether yielded surprisingly, 80 % 
of ~~~-7-brom~7-methylnorbomene (XI), on the basis of spectroscopic evidence. 

X XI 

The syn configuration was assigned because the compound was recovered unchanged 
after a methanol solution had botn heated under reflux for several hours. It is a fact 
that mtli-7-norbomenyl ptoluensulfonate solvolyzes 10’ times faster than the syn- 
isomer,‘* and also that syn-7-bromonorbomene is very unreactive.16 

Reactions of the bi~~lopropyl derivatives with methyllithium were carried out as 
described for the vinylcyclopropanes, Allenic compounds were encountered in the 
reaction products and in one instance as the exclusive product; the reaction of the 
bromide XII afforded the crystalline diallene 2,7dimethyl-2,3,5,6octatetracnc 
(XIII) in 92% yield. Resides strong allenic absorption at 1970 cm-i, the compound 
exhibits an intense maximum at 213 m,u (e 41,500). consistent with the conjugated 
diallene structure. The NMR spectrum confirmed the assignment. As expected,‘* 
‘* 2.5~DimcthyL1,3,S-hcxatricne absorbs at 272.261, and 252 ~JJ. sex K. Alder and H. von Bra&cl, 

” E. L. EM. Srere~~kmh~ry o/COIbOn Conipou~& p. 329. McGraw-Hill. New York (1962). 
I4 S, Winstein, M. Shatavsky, C. Norton and R. B. Woodward, 1. Amer. Chem. Sbc. 77.4183 (1956). 
** H. KWUI and L. Kaplan, 1. Amer. Chcm. Sue. 76.4072 (1954). 
I* Conjugated vinyl allenes react with malek anhydride, see A. V. Fcdorova and A. A. Pctrov. 

J. Gcn. C/tern. U.S.S.R. 32,3471 (1962) and fiefs. tkcii. 
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the diailcne reacted with N-phenyimaleimide to give compound XIV, character&d 
by elemental anaIysis and spectroscopic evidence. Reaction of Xi11 with methyl 
acctyleocdicarboxylate also took piace, but the adduct could not be isolated. Longer 
reaction time was required in this case and a considerable amount of other material, 
some polymeric, was formed. Further chemical evidence for structure XIII is provided 
by its thermal reaction to yield 3,4diisopropylidenecyclobutcne.17 A few conjugated 

XII XIII XIV 

dialleocs have been reported in the litcrature.t* The present synthesis, however, 
certainly represents the most convenient route to a member of this class of compounds 
since the overall yield of XIII from 2,5dimcthyL?,4hexadicnc is more than 80%. 

The reaction of tranr, rrun.+3,3’dimethyl-2,2,2’,2’-tetrabromobicyclopropyl (XV) 
took a very diScrent course. As the first drops of methyiIithium solution were added, 
the reaction mixture attained a yellow cofor, which persisted and grew more intense 
as the reaction proceeded. The ultraviolet spectrum of the ether solution exhibited 
maxima at 253.5 and 355 m/l, the latter being broad and causing the yellow color. 
Distillation provided only a small amount of a liquid, LU 213 (E 8800), 255 (E 
12SW) and 350 rnp (E 240). The first maximum belongs most probably to the dialleoe 
2,3,5,&octatetraene as also evidenced by an infrared band at 1960 cm-‘. The other 
maxima belong to the main product t’iz. 2,~imethylfuivene (XVI). The NMR 
spectrum shows complex olefioic absorption in the T 3.5-44 region. The methyl 
group attached to the ring gives rise to a singlet at T 8.02. Another peak at T 7.88 is 
part of a doublet, the other part being partly obscured by the above singlet; conse- 
quently, this resonance must be due to the exocyclic methyl group, coupled (J = 6 c/s) 
by the adjacent proton. The ratio of oiefinic to saturated protons is approxjmately 
2:3, consistent with the structure XVI; the data available, however, do not distinguish 
between the two possibft stcreoisomers of the fufveoe. Catalytic hydrogenation 
afforded a stereoisomeric mixture of l-ethyl-3-methylcyclopcntaoe. Similarly, from 
l,l’dimethyl-2,2,2’,2’-tetrabromobicyclopropyl (XVII) and methyllithium 1,2-di- 
me~y~fulvene QCVIII) was obtained as the sole volatile product. As in the preceding 
case, the structure was established on the basis of spectroscopic evidence and ideotifi- 
cation of the hydrogenation product as a stercoisomeric mixture of 1,2,ftrimethyL 
cyclopcotancs. The yields of volatile compounds from both these reactions were 
rather low and variable, the residues being polymer-like material. This is not surpris- 
ing considering the general instability of fulvenes.‘@ Only a small amount of 2,2,2’,2’- 
te~abromobi~clopropyl was available, but preliminary results indicate that a mixture 

I7 L. Skattebel and S. Solomon, J. Amer. Chem. Sue. 87.4506 (I%!$ 
** F. Boh&na~ and K. Kiestich, Ckem. &r. 87, t 363 (1854): R. Kuhn and H. Fischer, ibid. 94,3060 

(1961); L. Groizclcau-Miginiac, C.R. Acud. SC/., Pods. 248 1190 (1959). 
Is For a review of fulvcnes, see K. H&fncr, K. H. HHfm. C. Konig, M. Krcudcr, 0. Ptoss, 

G, Schulz, E. Sturm and K. H. V6pcl. Aqpu. Chrm. (Int. JZd.)2,123 (tW3); seealsoH.Schaltegger, 
M. Ncucnxhwander and D. Mcuchc. Hcle. Chim. Acre 48,PSS (1965). 



of fulvcne and an allcnc, probably 1,2,4,Shexatctriiene, was formed by reaction with 
mcthyll&hium.. Unfortunately, the bromide is not readily availabll and further work 
on this reaction is not contemplated. 

DISCUSSION 

The deep-seated rearrangement taking place in the reaction leading to the cycle- 
pcntadiencs (or fulvcncs) may be rationalized in a number of ways. For simplicity 
let us consider the reaction as involving a carbcne (cyclopropylidenc) intermcdiatt,~ 
generated from the lithio-bromo compound by elimination of lithium bromide. 
This intermediate (XX) could then undergo ring-opening to the allenc, a well sub. 
stantiated rcaction,‘*DD or react in~oI~~~iy with the double bond. The latter 
reaction would have to lead to the cyclopcntad~cncs since an allenc-cyclopcntadienc 
isomcrization appears highly unlikely, particularly under the present reaction 

8 

/ 

k - 
tl 

xx 

I b 

& : H 

XXI 

----w 

-p?- 
‘H 

XXI1 

0 For general revims on carbene ehanhtq, see W. Kimx, ~~bene Chnhtry !MdcmiC RUS. 
New York, N.Y. (1964); J. Him. ~ZZJ&M Cur&m Ronrfd Rsr, New York, MY. W64. 
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conditions. In Chart I three reaction paths which might yield cyclopentadienes are 
depicted. Addition to the double bond, according to path a, would give the unprece- 
dented tricyclopentane derivative XX. A crude estimate of the strain energy in this 
molecule can be obtained by adding the strain energy of a bicyclobutaneU to that of 
cycloropane(27 kcal/mole) which resultsin about90 kcal/mole. This is minimumvalue,*i 
lO&llO kc&/mole being probably a more realistic figure. Except for this extra 
strain energy, as compared with bicyclobutane, there is no other apparent driving 
force that would significantly enhance its thermal reorganization. Consequently it 
seems possible that tricyclo[2.1.0.0s4Jpentane might be thermally stable at -78”. 
However, if a rearrangement were to take place under the reaction conditions, the 
bicyclo[2,l,O]pentene isomer (XXI) might conceivably be formed, although the 
thermal rearrangement of various bicyclobutanes gives no evidence of l&bond 
cleavage. LI Compound XXI would also be the product from intramol~ular insertion 
into an oleftnic CH bond (path b). The latter is, however, an unlikely path since 
2,5,5trimethylcyclopentadiene is the main product from the bromide VIII, in which 
no olefinic hydrogens are available for insertion. The bicyclopentene would be 
expected to rearrange thermally to the corresponding cyclopentadiene. Bicyclo- 
[ 2. i .O Jpent-2-ene has recently ea been obtained by photolysis of cyclopentadiene, 
which indeed was reformed on ~e~olysis. Therefore, the stability of bicyclopen- 
ten@ combined with the failure to obtain evidence for the presence of the compounds 
(XXI) in any of the reaction mixtures renders this mechanistic route doubtful. 

It is well established that vinylcyclopropanes undergo thermal isomerization to 
cyclopentenesss Formally, such a process would lead from XIX to a new carbene 
XXII (path c), which by insertion into an adjacent CH bond would yield the cyclc~ 
pentadiene. The fact that the present ~~~~rn~t takes place below room tempera- 
ture, while 3W-500” is normally required for a vinylcycIopropane, almost demands 
that different mechanisms arc operating in the two cases. In the present reaction 
bond formation between the double bond and the electron deficient carbon would 
be a very likely first step. The cyclopropylcarbinyl type system formed could result in 

XIX .---w b- ,*‘*x $ 
- XXII 

9 

the carbene XXII. These reorganizations would have to be very fast (faster tnan ring 
opening to the allene) and the total picture would be that of a concerted rearrangement. 

‘a R. B. Turner, P. Go&cl, W. von E. Doering and J. F. Cobum, Tetrahedron Lerters 997 (1965) 
have estimated the strain energy of 1,3dimcthylbicyclobutanc to 67 kcallmok. 

** E. P. Blanchard and A. Caimcross, i. Amer. C/urn. Sk 88,487 (1966). and references therein; 
see however, I. A. D’yakonov, V. V. Razin and M. I. Komandantov, Tettahehn titters 1135 
(1966). 

U J. L. Brauman, L. E. Ellis and E. E. van Tam&n, 1. Amrr. Gem. .9x. 83,846 (I%@. 
u At room temperature a dilute solution of bkyclopentm pxscacs a half-life of about 2 hr.” 
n E. Vogel, R. Palm and K. H. Ott, Aqpv Chm. n 21(1!460); C. G. Ovcrbqer and A. E. Borchert. 

J. Amer. chem. sot. lz& 1007 (1960). 
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Based on the above considerations, path c appears to bc the preferred route, 
while path b is definitely ruled out. In the following, the different methylcyclopcnta- 
diene isomer mixtures obtained from the reactions of compounds IV and P’ (Table 1) 
will be discuss4 in terms of path a and c. By the former route IV would be expected 
to yield a mixture of bicyclopcntencs, in which XXIII would predominate over XXIV; 
consequently, 2-methylcyclopentadiene should be the main product by valence 
isomerization, contrary to what was observed. Similarly, in the case of V approxi- 
mately equal amounts of l- and 2-methylcyclopcntadiene would be expected, while 
actually the 24somer predominated. On the other hand, the reaction of IV by way of 

XXIII XXIV XXV XXVI 

the carbcne XXV, would be expazted to yield approximately qual amounts of the 
two isomers, close to what was observed. The reaction of compound V by the same 
path would give the carbene XXVI. On the assumption that the rate of insertion is 
about four times fasted” into a rerr versus a see C-H bond, 2-mcthylcyclopentadiene 
should predominate by a factor of about two, in reasonable agrttment with the 
experimental results, It should be pointed out that the Sisomer, expected by insertion 
into the set C-H bond, is thermally unstable, isomerizing to the I-isomer,***** 
No mechanistic preference is provided by the results from compounds VI and VII; 
2,Sdimethylcyclopentadiene expected to be formed from VII by either route, would 
rearrange to a mixture of the 1,3- and l&isomers, the products actually observed. 

The formation of the norbomene derivative XI from X is readily explained by path c. 
Thert are many ways by which XI could be formed from the rearranged carbene, 
for instance by insertion into methyl bromide, but the apparent stereospccificity 
remains unexplained. 

The formation of the fulvenes fits mechanistically well into the general concept 
as demonstrated below in the case 2JAimcthylfulvene (XVI). It is necessary and 
reasonable to assume that an allenic bond is first formed from one of the cyclopropane 
rings. The compound thus formed (XXVII) would react further with rearrangement 
to the fulvene. 

It is clear that the reaction of compound XII cannot possibly lead to a fulvent by 
either route, but the exclusive formation of the diallene XIII is nevertheless surprising. 
This can be understood, however, on the condition that methyl substituents on a ring 
carbon other than that bearing the unsaturated group (alkenyl or allenyl) enhance 

y Compound V consists actually of two isomcric bromides but both would give the same arbct~ or 
tricyck intcrmcdhte with rfWhyUithium. 

*‘J. H. Knox and A. F. Trot-Dickenson, Chem. & Id. 731 (1957). 
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xv - - XVI 

xll - pA - QA - 974 8 XXVIII 

I 1 
XIII t 

-B XXIX 

the rate of ring opening. Examining Table 1, it is perhaps significant that bromide 
VII afforded 32 % of the respective allenic product and that l,ldibromo-2,2dimethyl- 
3-isopropenylcyclopropane, present in compound XIII to maximum lo%, yielded 7 % 
of the corresponding allene. On the other hand, practically no allene was obtained 
from VI, suggesting the importance of the site of substitution.g 

There are other ways of explaining the exclusive dialltne formation, but they are 
hardly more convincing. If the carbene XXVIII were formed, addition to the endo- 
cyclic double bond would give the tricyclic compound XXIX, which would also be 
the compound expected by path a (Chart 1). The fact that one can visualize the 
collapse of XXIX to the diallene (but not to a fulvene) is interesting. With such a 
mechanism it is hard toaccommodatethefact that no products from eitherCH insertion 
or interaction with the exocyclic double bond of XXVIII were encountered. 

The reaction product obtained from the bromide VIII requires an explanation. 
As mentioned above, the starting material is invariably contaminated with some 
( < 10 %) of the isomer, 1,l dibromo-2,2dimethyl-3isopropenylcycIopropane~ which 
with methyllithium would yield 2,5-dimethyl-1,3,Qhexatriene and 2,5,5-trimethyl- 
cyclopentadiene, the compounds isolated. Similarly, from compound VIII besides 

DC 

the above cyclopentadiene, 3,5-dimethyl-1,2,4hexatriene (XXX) would be an expected 
product. The latter was not isolated, but it probably isomerized thermally by 1,5- 
hydrogen migration to the triene IX .r) Such a mechanism requires the &configuration 
” The relative mu of tbcmdly inducu! ring opening of various methyl-subatitutcd l,l-dkhloro-2- 

ethoxycyclopropnnu arc intcceiting in this connection. A cfs methyl group at the 3 position CBIUCS 
a 19 fold rate inucasc whereas substitution at the 2-position haa little effcct.n 

n L. Skattcbel. 1. Org. Chem. 31, 1554 (1966). 
w Crowkyu has found that 2.S-dimethyl-2,3$octatricnc rearranged rapidly at 115” to 2,Sdim&yl- 

2,4,6-octatricne; see also Mikolajczak cr u/.~ for another example of this r-1. 
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of IX, in agreement with experimental results. Obviously, 2,5dimethyl-lJ,+hexa- 
triene could not undergo this rearrangement. 

On the basis of the above ~~rnen~ it seems likely that path c is responsible for 
the cyclopentadiene (fulvene) formation. This artainly does not mean that a free 
carbene is produced in the reaction; the experimental results do not distinguish 
between that, a carbenoid, or an a-halolithium intermediate as the actual isomerizing 
species. Indeed, the stereoseledive formation of syn XI suggests that the electron 
deficient carbon is comptexed with lithium bromide andfor methyl bromide. It is 
hoped that further work will help to clarify the mechanism of this interesting rearrange- 
ment. 

EXPERIMENTAL” 

Generulproc&re. The reactions were carrial out as dacribed.~ The ether solns of the total 
reaction prod- wcrc anaIyzed by GLPC. Bccausc of the cxtrcmc tend- of the cydopenticncs 
and fulvcncs to dimaizc, the ether was usually only partIy evaporated and pure sampks of the 
components wcrc obtained by preparative GLPC; when not othcnvise stated a IS ft. Apiaonc L on 
chromosorb w wlumn was used. 

Cyclopenradienr fafad 1 ,t,rlpenfalrienc 

Reaction of III with MeLi gave a mixture of two isomcric compounds. These wcrc isoIatcd by 
preparative GLPC, and the major wmponcnt (86*h was identified as 1,3cyclopcntadicoc by wm- 
purison with an authentic sample. The minor component (1472 was shown to be I,f4-pcntatricne 
also by comparison with an outhurtic ssmpk” 

,Uethyicy&pcfmdie~. (a) The liquid product obtained from the reaction of IV and MeLi was 
shown to consist of 3 compounds in a ratio of l7:3S:48. The minor component was separated by 
preparative GLFC and shown to be Erncthyl-l,t@cntatriene; PPPW 1940.850 (-C==C=CHa and 
l610.988,895 cm-’ (-CH-CH& The two major wmponcnu wcrc scperatcd togcthcr. c 1*4S76. 
and identified eu a mixture of 1- and 2mcthykyclopcntadiene by comparison with an authentic 
sample, prepared from co mmcrkally available methykyclopcntadien dimcr. The l-isomer prc- 
dominated in the originaI reaction mixture. 

(b) The product obtained from a mixture of l,ldibromo-2-mcthyt-Evinylcyclopropane and 
l,ldibromo-2-(2-propyl) cydopropa& and MeLi was shown 10 consist of 85% methylcycl@ 
pcntadicncs and 15 % alknic armpounds. On the basis of GLPC retention times on both dimcthyl 
sulfol~e’~~ and &?‘-oxydipropionitile columns the cydoptadicnc fraction consisted of 71% of 
the I-methyl and 14% of the l-methyl isomer. 

The reaction of VI with MeLi gave es~ntiaIly (98%) l,tdimcthykycIopcntadicne, b.p. 58-59’ 
(I50 mm). la” 1.4s80; &.S 25l.S m#4 (E 3400); I-= 1630, lS90, 68s cm-’ (--0=-C-_); NMR 
spuztnun shows 3 multipkts at 3.9s (Cd--H). 7.28 (<HJ and 8.25 (-CH,) with peak arcs 
ratio 1: 1:3, respectively. (Found: C, 88%; H, 1@6S. Cak. for C,H,.: C. 89.29; H, I@71 x.1 

The yield of distilled product was only 49% bacau.u ch ‘maization took pIacc during the distiliation. 
The other product (< 2 %), formed in the reaction, was not obtained pure, but the IR absorption at 
1940 an-’ indicates the stlucture 3,~~yl-l,~~~~~e for this compound. 

7% dcic a&y&& a&uct was obtained in the usual way in 83% yield. The compound was 
obtaincd as colorless needles from ether-bcnznc, m.p. 91”. The structure was determined as 1.6 
dimcthylbicyclo[2.2.1]hcpt-knc-2.3-dicarboxylic add anhydride; v-S 1850, 1775 ((CO),O) 
1620 cm-’ (C-C). The NMR spectrum shows a multipkt at 4.12 (CmC-H), wmpkx absorption 

*I B.ps and m.ps are unwrrcctcd. IR spectra: on a Beckman IR SA and IR 10 spcctromcter; W 
spectra: in n-heptane soln, when not otherwise stat& on a Gary Model 14 rpoctromctcr; NMR 
spectra: on a Varian A 60 instrument with CC& as solvent and Tms as internal standard. The 
chcmicaI shifts arc given in T values. Preparative scale gar chromatographic separations were 
carried out with a Wilkins Autoprep Model A 700 instmmmt. 

I* E. R. H. Jones, H. H. Lee and M. C. Whitting, J. Glum. Sot. 341 (1960). 
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in the 6.2569 region (--CH), a doubkt at 8.28 (-AH,), a broad singkt at 8.47 (-Cm and 
superimposed on the last bands, absorption due to the mcthyknc groups. (Found: C, 68.91; 
H, 644. Calc. for CIIHIIO,: C, 68.73; H, 629%) 

7&r N-phenylnmleimfde aaifuct was obtained in the usual way in 82% yield, m.p. 127-128”. 
Sublimation and rcorystallization gave pure adduct, m.p. 128” (lit.” 122-123”); NMR: s. 8.51 
(CH,. CH,) d. 8.32 (W ,), unresolved multipkt 427 (G%H). and compkx absorption in the 
26-3.1 region (arom.) and 66-7.3 region (CH); the peak arcaratio 5 : 3 : 1: 3: S.rcspcctivcly. (Found: 
C. 76.38; H, 6.61; N, 5.31. Calc. for C,,H,,O,N: C, 76.88; H, 6.41; N. 5.24%) 

DimcthylcycloptntaaYctus and trans-2,3,Skptatrienr 

The reaction of VH and McLi yielded a liquid consisting of essentially 3 compounds in a ratio of 
47 : 21: 32. The two first compounds had very similar retention times on both /?,b’-oxydipropionitrik 
and dimcthykulfolanc columns at 25”. They were isolated together by preparative GLPC. nv 1.4526; 
&.. 252 m/l (a 4200) (litW for 1.3dirncthylcyclopcntadiene. I$ 1.4574; &,.x (McOH) 2485 mp); 
v-x 3025.1650,88S. 725 cm-’ (C-: C). The NMR spearurn shows ckarly that a mixture of 1,3- and 
I .4-dimcthylcyckpcntadicncs is present. Peaks centered at 8-05 and 7.30 arc due to Me and CH, 
groups, respectively. The okfink protons give rise to two poorly resolved muhipkts at 4.32 and 4.12, 
due to oletinic hydrogcns x and p to the CH, group, respectively, with peak area ratio of about 5:9. 
corresponding to about 72% of the I,3-isomer, in good agrcuncnt with the GLPC results. 

The mixture reacted with N-phcnylmakimidc in the usual way to give a crude solid, from which 
the adduct of 1.3dimcthykyclopcntadicnc was obtained after several rcuystahizations from D 
hcptanc. m.p. 104-106” (lit.- ICGIOI ‘). The NMR spaarum shows a singlet at 8.46 (MC) and a 
doublet at 8.22 (C==== 3; the bridge CH, absorption is partly obscured by these peaks. Corn- 
plcx absorption centered at 690 and 2.70 is due to the rcrt hydrogcns and aromatic protons, r- 
tivcly. The okfinic proton gives rise IO a broad singlet at 4.47. (Found: C, 7651; H, 6.35; N, 5.15. 
Cak. for C,,H,,O,N: C, 76.38; H, 6.41; N, 5-24x.) 

The third component was also isolated by preparative GLFC and shown to bc rrans-f3,5- 
hcptatricnc, my 1.4922; v-x 1945 (Cm. 967 cm-’ (rrans MH); I._.= 219 w (e 25,400); 
NMR shows two complex multiplcts centered at 8.30 (CH,--c=C) and 450 (c=CH) with peak ara 
ratio approximately 3 : 2. 

2,S,ETrwthyic~~~nI~~, 2,Sdimerhyl-l,3,4hcxatrLne and 2,4dimethyl-l.3,S-hexatriene (rx) 

Reaction of VII with McLi at -78” gave in 82% yield a mixture of essentially 3 compounds. The 
major component (70’/@ was separated bLfrectional distillation and proven IO be 2.5,5-trimethyl- 
cyclopcntadicm, b.p. S6-57” (170 mm), n, 1.4334; P-= 3020, 1640, 1610, 79s. 722 cm-’ (Cq; 
L,,x 250 ml, (E 2800); NMR: singlet (890 (CHJ. doublet 8.14 (CH,s. and multipkt 4.28 
and 3.38 (C-CH); the peak area ratio is 6:3: 1:2, respectively. 

77rc male/c onhydride oddrrcf was obtained in the usual way as a viscous oil. which upon hydrolysis 
yielded the corresponding diacid, 2,7.7-trimcthylbkyc1o[2.2.llbcpt-2~5,6dkarboxylk acid, 
m.p. 171” (dcc) (lit.” m.p. 181” (dcc)). (Found: C, 64.52; H, 7.35. Calc. for CILHIIO,: C. 64.27; 
H, 7.19x.) 

771~ N-phcny/maIeimide adduct was formed in 85% yield and rccrystallizd from n-hcptanc. 
m.p. 128”. (Found: C.76.97; H,6.87; N.4.95. Calc.forC,,H,,O,N: C.7684; H.6.81; N,498’/,) 

The two other components could only bc separated by preparative GLPC. The minor component 
(7%)wasshown tobef~imahyl-1.3.ehwtricne.n,U 1.4765; xyx 19SS(C-C~. 1620,88Oan-t 
(aH,); &,.. 220~ (c 24000). The NMR spectrum shows a muldpkt at 4-l 1, with J = 3Gc/s. 
characteristic of the CH,ZCLCH-S~~~UII;~ a multipkt at 5.05 is due to the mcthyknc protons, 
and three pc.&s ccntcrcd at 8.21 arc caused by the MC groups; the ratio of okflnic to saturated 
protons is 1:3. 

The third component was identified as 2.4-dimcthyl-l.3,5-hcxatricnc, nz 14885; v..x 3085,162s. 
IS90 (C-C), 995, 895 (-CH=CH& 8SS an-,’ (C-CH--); &,s 202.5 (c 1400). 247 sh, (13600). 
2S4 (I 5400), 263 (14800) and 274 sh (9900). The vinyl group is recognized in the NMR w by 
the characteristic quadruplet. the X part of an ABX system, centered at 2.98 and complex absorption 

U A. Autcrincn, Swmen Kemi~tiiehti 27B, 29 (1954). 
U E. 1. Snyder and J. D. Roti, /. Amer. Gem. Sot. 84.1582 (1962). 



cilemistry of gem-dihaiocyciopropanu-VI 1117 

in the 4.2-52 region; a tripkt at 2.17 is due to the Me graups. The ratio of okfink to aaturatcd 
protons is 1: 1. 

ffya+narion of a mixture of the alknc and the tricnc in pcntane solution over a Pd/C catalyst 
gave as the sole product 2.4-dimcthyihexane J$,’ 1.3919, identical with an authentic sample. 

2,6Dimerhyl/ulc~u (XVI) 

Reaction of XV with McLi at -78” in the usual way produced a yellowcoiorcd ether solution 
which absorbed at 2S3.S and 355 v. Evaporation of the solvent through a column under roduccd 
press and below room tcmp with subscqucnt distillation of the residue at 10 * mm gave a small 
amount of a liquid, II;;’ 1.5198; xo,x 1960 (G-&C) 1650,1590,960.845.7% cm-” (C-C) A,,., 2SS 
(E l2,WO) and 350 mfr (E 240). and a peak at 213 w (6 8800) which is probably due to the dialknc, 
2,3,5.&octatetracne. 

+.fr~enurion of the liquid in 
p: 

ntanc over 5 *A Pd/C catalyst gave one major product which was 
separated by prcparativc GLPC, rtr, i-4132. and found to bc identical with a synthetic stcrcoisotncric 
mixture of i~~yi-3-rnc~yl~~o~n~.~ 

1.2- Dimerhylj-uketu (XVIII) 

Reaction of XVII with MeLi at -78” resulted in a deep yellowuAorcd sotn. Evaporation of the 
ether under rcduccd press and subscqucnt distillation of the r&due. into a cookd (-78”) Bask, 
atfordcd a small amount of a yellow liquid, nz 1~5104; 1-x 242.5 (6 8300) and 376 mp (II 220); 
Y_, 3030,1650,1610,910 and 755 an-i (C=C). Thd NMR spectrum shows a singkt at 8.14 due to 
the Me groups. The mcthykne protons give rise to a broad doublet at 450. and the ring protons 
show a multipkt ccntcrcd at 3.96; the peak arca ratio is 3: 1: 1. 

ffydroge~fion of a pcntanc soln of the fulvene over 5% PdjC catalyst gave a mixture of stereo- 
isomeric 1,2,3-trimcthykyclopcntanes, xn U 1.4230, identical with that of an authentic sample.” 

2,7-Dimcthy~-2,3,5,6octufefr~~ (XIII) 

Reaction of XII with MeLi atIordcd XIII in 93% yield after raxystalliition from McGH m.p. 
46’; Y,,,. 19?O~rn-~ (&c-G); L,.x 213 rnp (r4ixK)); NMR: multipkts8~32f~=-C) and 
4.67 (C=HC) with peak arcs ratio 6:l. (Found: C, 89.62; H, iCW0. Cak. for C,.H,,: C, 89.49; 
H, 1@51%.) 

Tiu N phenyhnaleimide a&iuct (XIV) was obtained by refluxing a benzene soln of quimolar 
amounts of the alkne and N-phcnylmaleimide for 16 hr. The yield was 82% of product, m.p. 116 
120”. Rccrystaliixations from n-hcptanc gave pure adduct, m.p. 127-135’ (dcc); &,.. 220 (e 16000) 
and 287 w (u 19500); NMR: singlets of equal intensity at 8.15 and 893 (<Hd. singlet 587 
(rerr. CH). singkt 3.69 (C=CH). and multiplet 2.7 carom.); the peak arca ratio is 6:6:2:2:S. 
(Found: C, 7803; H, 6.96; N, 4.57. Calc. for GH,iNOI: C, 78.14; H, 689; N. 4.56%) 

The compound decomposes by standing. 

The reaction of X” with MeLi gave csscntially one product, as shown by GLPC. Distillation 
yielded 80% of XI, b.p. 64” (8 mm). which solid&d in the rcocivcr. m.p. 48-W. In the NMR 
spectrum of the Me group appears as a singlet at 8.29. The bridgehead protons give rise to a 
multiplct at 7.18, a triplet at 3.88 is due to the ok&& protons, and the mcthylenc protons show 
complex absorption ocntercd at 8.95 and 8.17; the last peaks arc quite charsacristic of a norbomcne 
systcm” The compound is very volatile, and we were not able to obtain a satisfactory ckmcntal 
analysis. (Found: C, W42; H, 580. Calc. for C,Hi,Br: C, 51.36; H. 593x.) 

U Prcparcd from iethyl-3-mcthykyclopcntanol by dehydration with phthalic anhydtidc, follow& by 
catalytic hydrogenation, b.p. 117-120”. n: 1~4148-1~4155. 

u Am. Per. INI. IR spectrum no 700,701. 
x’ D. G. Lindsay and C. B. Rccsc, Tcrru&fron 21, 1673 (1965). 
‘* P. Lazlo and P. von R. Schkycr, 1. Amer. C&em. Sot. 86,117i (1964). 


