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ABSTRACT

Chapter I. Diels-Alder Reactions of Organotin Acetylides with
Highly Chlorinated Cyclopentadienes and the Chemistry
of the Adducts : ~

~ The Diels-Alder reaction of organotin acetylides [RC =(CSn(CHg) s,
‘R = (CHg)aSn-, ¢-, CHz~] gives bicyclo[2.2.1]hepta-2,5-dienes, typical-
1¥ in 50-70% ylelds. The carbon-tin bonds in the adducts are readily
cleaved by electrophiles, without resrrangement of the carbon skeleton,
to give novel, highly halogenated bicyclo[2.2.1]hepta-2,5-dienes. -
One of ‘these,2,3-dibromo-1,4,5,6,7,7-hexachlorcbicyclo[2.2.1]hepta-~
2,5-diene, was converted by bromine-metal exchange, to its 2-lithio
derivative, which exhibits umsual stability for a p-halolithium
system. The Diels-Alder reaction of 1,2,3,4k-tetrachloro-5,5-dimethoxy-
cyclopentadiene and bis(trimethyltin)acetylene, which yields 1,2-bis~
(trimethyltin)tetrachlorcbenzene, was also examined.

Chepter II. Diels-Alder Reactions of a-Pyrones and Bis(trimethyltin-
v acetylene and the Chemistry of the Adducts

' The Diels-Alder reaction of aq-pyrone and several of
its analogs (5-carbomethoxy-, 5S-methyl- and U4,6-dimethyl-c-pyrone)
with bis(trimethyltin)acetylene to produce o-bis(trimethyltin)benzenes
in good yilelds is described. The resction affords a route to novel
tin-substituted aromatic compounds. The utility of a-pyrones in
a general, one-step synthesis of benzenoid systems is discussed.
The enhanced reactivity towards bis(trimethyltin)acetylene of a-
pyrones substituted with electron withdrawing groups is esteblished



-

and discussed in terms of current theories of the Diels-Alder reac-
tion.

Chapter III. Photochemistry of Unsaturated Organotin Cmnpounds

Irradiation of 2,3-bis(trimethyltin)-1,4,5,6, 7,7-hexa- ‘
chlorobicyclo[2.2.1]hepta-2,5-diene and of 2-(trimethyltin)-1,4,5,6, 7,7-
hexachloro-3-methylbicyclo[2.2.1]hepta-2, 5-—diene converts them to

t he corresponding quadricyclenes. This constitutes one of the first

e xamples of photoisomerization of a main group organometallic com-
pound Protodestannation of these tin-substituted quadricyclenes

occurs without rearrangement or carbon-carbon bond cleavage.:

" Bromodestannation was found to be more complex'and evidence is present-
ed for the involvement. of free radical intermediates in this case.
Trradiation of o-bis(trimethyltin)benzene leads only to dissociation

" of the carbon-tIin bond; no isomerization of the aromatic nucleus

" was observed.

Chapter IV.: Thermal Decomposition of 2-Metallo-l,h 5,6, 7,7~hexachlor0a
bicyclo[2.2.1]hepta-2, 5-dienes and o-Halo(trimethyl~
tin)aromatics‘

_ Thermal decomposition of 2-metallo-1,4,5,6,7,7-hexa-
chlorobicyclo[2 2.1]hepta-2,5~-dienes (M = Sn, Hg) in the melt at
. 2%0° yielded the mixture of products expected from homolytic scission
of the -carbon-metal bond and subsequent reactions of the fragments.
‘The mechanism is discussed in detall. Similar heating of o-halo- -
(trimethylti#enzene systems does not result in carbon-tin homolysis;
instead, coupling reactions to ferm (2-halo-2'-biphenylyl)trimethyl-
tin derivatives or @isproportionation of the tin compound occur.
Evidence is presented that similar intermediates are involved in the
- Pormation of these two types of prolucts.

'I’hesis Supervisbr* Dietmar Seyferth

‘I'itle. Profééabr of Chemistry
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INTRODUCTION

Reactions in which a metal halide is eliminated from a halogen-
substituted orgenometallic compound with concomitant :t‘ormation of
a new carbon-carbon bond are of synthetic and mechanistic signifi-
cance in orgenic chemistry. The entrainment method of initiating
G;'ignai'd reaction, the formation of benzynes from 2-1ithiohalob;en-‘
zenes and the initial synthesis of tetraphénylcyclobutadiene are

all exampies of this reaction:

X+ C,He—C{Hz + Mg® 5112—0\112 +Mge —BE2_op, - cpp
30°
"unreactive" Br Br Br MgBr | "active" (1)

+ RX + RMgBr.

(1) D. E. Pearson, D. Cowan and J. D. Beckler, J. Org. Chem., 2k,
504 (1959).

M gy (2)
+RLL

¥ -60

(2) G. Wittig and H. Harle, Ann. Chem., 623, 17 (1959), and refer-
ences contained therein.

¢ o ¢ ¢

m B2 . » 7 \\_o (CHa),«gSnRr'g + | a (3)
3 0° Ni8rp” / '
. \ (CH3)2sn . ? ¢

Hot \ CHo “He BT ! NiBro




(3) E. H Freeama:i, J. Am, Chem. Soc., 83, 2194 (1961).

We were particula.fly intrigued by the possibility of synthe-
sizing, or genera‘bihg and 'trap‘pihng , novel organic molecules by this
i'oute. Organotin compounds seemed to possess the desired balance of
sfability to the atmosphere and facile thermal decomposition at
moderater_t,emperature for this study (The synthesis of tetraphenyl-
butadiene illusti‘_ated this nicely). The necessary organotin in-
térmediétes are relatively eaéy to obtaln and the cleavage of the

C-8n bond by halogens is a well known reaction.*

(1&) See, for example, J. G. A. Luitjens and G. J. M. Van der Kerk,
"Investigations in the Field of Organotin Chemistry," Tin
Research Council, Middlesex, England, 1955.

Diels-Alder reactions of bis(trimethyltin)acetylene followed
by monohalodesté.nnation of the adducts seemed to be an attractive
route to some of the systems of interest to us. The synthesis of

tin acetylides was documented in the work of Ha.rtmannsaand Diels-

(5) H. Bartmann and H. Homlg, Angew. Chem., 69, 614 (1957).

Alder reactions with orgenometallic dienophiles had been previously
réported ,‘ Becker's study of the reaction of tetrsphenyleyclopenta-

dienone(cycl’one) and a vinyltin compound9 and Abramov's study of



T

(6) L. A. Rothman and E. I. Becker, J. Org. Chem., 24, 29k (1959).

cyclone and bis(organomercungacetylenes7 being the most relevant.

t

(1) V. S. Abramov.and L. A. Shapskinskays, Dokl. Akad. Nauk, 5.S.S.R.,
Otdel Khim. Nauk, 59, 1291 (1948); C. A., 43, 2614 (1949).

Initiel investigations of the Diels-Alder reaction of bis-
(trimethyltin)acetylene with various sténdard dienes were fruitless,
however, reaction with cyclone resulted in the formation 6f'the
décarbonylated adduct, 1,2-bis(trimethyltin)tetraphenylbenzene
(I),in high yield. Reaction of I with one equivalent of iodine
yielded l-iodo-2-(trimethyltin)tetraphenylbenzené (II). When II
was thermally decomposed in the presence of a diene trapping agent,
tetraphenyibenzyne was not formed; instead, a coupling reaction oc-

curred® (It was subsequently demonstyrated that tetraphenylbenzyne

¢ sn(CHsk ® 2

3o O + (CHg)aSnI

4 D I

(8) D. Seyferth, C. Sarafidis, and A. B. Evnin, J. Organometal.
Chem., 2, 437 (196)4')'

could be generated from other precursors.® Although our initial

(9) D. Seyferth and H. Menzel, J. Org. Chem., 30, 649 (1965).
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expectations had not been“realized, the coupling reaction is novel

in the area of organotin chemistry® and is of considersble mech-

(10) There is an analogy in organolithium chemistry in the forma-
tion of 2,2'-dibromocbiphenyl from o-dibromobenzene and n-
butyllithium at -75° in THF: H. GIlman and B. J. Gaj, J.

Org. Chem., 22, 449 (1957). The Ullmann reaction is also some-
what analogous &g intermediates with some sort of carbon-
copper bond are imvolved: P. Fanta, Chem. Revs., 64, 613 (196L).

anistic interest. Accordingly, it was decided to prepare other
systems with p-halo(trimethyltin) functionality.

In the course of th;se syntheses, a mmber of extremely interest-
in bistrimethyltin organic compounds were prepared, for example,
2,3-bis(trimethyltin)-1,4,5,6,7,7-hexachlorcbicyclo[2.2.1]hepta-~
2,5-diene and gfbis(trimethyltin)benzene, and a considerable amount
of time was devoted to an examination of their chemistry. In par-
ticular, a study was made of their photochemistry, in the cﬁurse of
which one of the first exemples of photoisomerization of an organo-
metallic compound was observed, and of the cleavege of their C-Sn
bonds by electrophiles. The Diels-Alder reactions of the organotin
acetylide turned out to be of considersble interest themselves. What
appears to be a general, one-gtep benzene synthesis utilizing q-pyrones

as dienesl' emerged from this study. Also, the relative reactivity

(11) The system is not novel (O. Diels and K. Alder, Ann. Chenm.,
490, 257 [1931]) but its synthetic possibilities do not seem
to have been realized.




«llpe

of bis(trimethyltin)acetylene and related acetylenes with various
dienes is not that generally observed for dienophiles in the clas-

sicel Diels-Alder reaction?? (see Chepter 1 for a discussion) and

(12) Reaction appears to be most facile with. electron deficient
dienes. This phenomenon has previously been observed by
Sauer, among others: J. Sauer and H. Wiest, Angew. Chem.,

T4, 353 (1962).

this has some bearing on both the mechanism and synthetic utility

of the Diels«Alder reaction.

]



CHAPTER I
DIELS-ALDER REACTIONS OF ORGANOTIN ACETYLIDES
WITH HIGHLY CHLORINATED CYCLOPENTADIENES
AND THE CHEMISTRY OF THE ADDUCTS



DISCUSSION

The Diels-Alder reaction as elsborated in the classical papers
of 0. Diels and K. Alder, which start in 1928, involves reaction of
a 1,3-diene with an olefin or acetylene (the dienophile) which is

typically conjugated with an electron withdrawing groupal A wide

(1) For reviews see: (a) M. C. Kloetlzel, Organic Reactions, Vol. IV,
J. Wiley and Sons, New York,p. 1; M. L. Holmes, ibid, p. 60

range of dienes and dienophiles may be used, and it has been demon-
strated that electron-donating substituents on the diene and elec-
tron-withdrawing substituents on the dienophile facilitate the reac-

tion.2

(2) (a) E. J. Dewitt, C. T. Rester and G. A. Ropp, J. Am. Chem. Soc.,
78, 2101 (1956); (b) T. Benghiat and E. J. Becker, ‘J. Org. Chem.,

23, 885 (1958).

When one evaluates bis(trimethyltin)acetylene as a diencphile
it is readily apparent thgg it should be a poor one. The triple
bond is not electronedefiéient; if anything, it is electron-
rich since it appears that the inductive fiow of electrons from
tin to carbon is the predominant electronic interaction in (trimethyl—

tin)acetylene.,3 Also, the trimethyltin group is extremely bulky,

(3) R. West and C. S. Kraihanzel, Inorg. Chem., 1, 967 (1962).

although the long C.. —Sn bond, ~ 2.0 4 tends to remove the group

5p

-15-



=16

(4) Estimated from values in "Tables of Interatomic Distances,"
The Chemical Society, London, 1958. '

somewhat from the triple bond,and steric inhibition of the Diels-

Alder reaction by large substituents is pronounced.®

(5) J. G. Martin and R. K. Hill, Chem. Revs., 61, 537 (1961).

In view of this, it is not surprising that bis(trimethyltin)-
acetylene fails to undergo the Diels-Alder reaction with "classical®
dienes such as furan, cyclopentadiene, 1,4-diphenylbutadiene and

2,5-diphenyliscbenzofuran.® However, as was mentioned above, an

(6) C. S. Sarafidis, unpublished data.

adduct was formed, in good yield, with tetraphenylcyclopentadienone.”

(7) D. Seyferth, C. S. Sarafidis and A. B. Evnin, J. Organometal.
Chem., 2, 457 (1964).

The reaction of number of electron rich and unsubstituted
olefins with hexachlorocyclopentadiene has been reported by Sauer

and Wiest.2 They interpret their data in terms of a Diels-Alder

I

.(8) J. sauer and H. Wiest, Angew. Chem., Th, 353 (1962).




‘reaction with "inverse electron demand® with hexachlorocydqpentam
diene acting as an electron acceptor. Therefore, it was of in-
terest to evaluate the reactivity of hexachlorocyclopentadiene with
bis(trimethyltin)acetyleneo The thermal stability of this diene,
1ts availability am the extensive literature on its Diels-Alder
réactioné (due largely to the importance of many of the adducts

as blocides)® were additional attractive features.

(9) Leading references are (a) E. A. Pritt, J. Am. Chem. Sdco,
69, 62 (1947); (b) E. K. Fields, ibid., 76, 2709 (1954);
c) H. E. Ungnade and E. T. McBee, Chem. Revs., 58, 249 (1958).

Reaction of equimolar amounts of hexachlorocyclopentediene and
bis(trimethyltin)acetylene in refluxing n-butyl ether gave 2,3-
bis(trimethyltin)-1,4,5,6,7,7-hexachlorcbicyclo[2.2.1]hepta=-2,5-

diene (I) in 50-70% yield. Identificetion of the adduct, although

v

Cl C1

: n(CHS) s
. 1 o .
o 1ko® n(CHs)s I
) 2% hr,
o I 1
':JH(CHa)g n§CH$)3.

cbmplieéted by the absence of skeletal protons,was made by element-
al analysis, by molecular weight determination and by the correla-
tion of the ultraviolet and infrared spectra with those of other

norbornadiene systems (see Table 1).



nggound

(1) norbornadiene
(bicyeclof[2.2.1]~
hepta-2,5-diene)

I
IT
ITI
Iv

1,2,3,4,5,6,7,7-octa-
chlorobicyclo[2.2.1]~
hept-2-ene

hexachlorocyclopentadiene
1,2,3,b4,7,7-hexachloro=5=

phenylbicyclo{2.2,1]~
hepta-2,5-diene

TABLE I

w

Amax 205m;( € 2100), Amex 214 my
(e 14,800), Mmax 220mu(e 870),
Ash 230myu(e 200).

Nmax 236my{ €5600)y Meh 257m:-
(e 1600), Ash 285myu(e 360)

Mmax 22Tmu( e 4000), Ash 276my-
(e 280)

Amax 255myu(e 3800), Ash 29Tmu-
(e 1300)

Amex 233my(e L430), Ash 239mg-
(e 3630}, Ash 265mu(e 300)

Max 212m;(e 6300)

. IR
(C=C str. region)

1635cm™ , 1543cm=2
(a)

1605em™

1605cm=1, 1585cm~2

1605em=*, 1555 cm~?!

1610cm™2, 1585cm=1

(b)

1606em™t, 1572em™
(c)

Amax 22%mule 11,500), Amax 254 my

(e 89204 285 mule 3300)

(d)

a) C. F. Wilcox Jr., S. Winstein, and W. G. McMillan, J. Am. Chem.
Soc., 82, 5450 (1960);the presence of two bands around 1600cm™*
1s interpreted us a coupled oscillator phenomenon.

b) J. D. Idol, C. W, Roberts and E. T, McBee, J. Org. Chem., 20,

1743 (1955).

¢) H. Gerding, H. J. Prins and H. Van Brederode, Rec. Trav. Chim.,

65, 168 (1946).

d) A. J. Fry, J. Org. Chem., 31, 1863 (1966); apparently steric in-
teractions have reduced the conjugation in III, as 1s reasonable.

=18~
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) Eropynyltrimethyltin and (phenjlethynyl)trimethwltin were also
rgactgd w;th hexabhlorocyclopehtadiene. Both gave Diels-Alder ad-
duses, thgcghenylethynyg@rimethyltin system in rather low yiéid, how-

ever. The adducts II and IIT were identified as described above,

, ClL C1
C1 Cl CHa
N— C1
o _1ho°
S Cl 48 nr.
SR R e
CHs
Cells
é 1’4‘00
+ —
29 hr.
CHg-Sn-CHa
CHg

but in thesg cases N.M.R. spectra were useful as well. The spectrum
of 2-(trimethyltin)-1,4,5,6,7, T-hexachloro-3- phenyl-bicyclo[2,2.1]~
hepta-2,5-diéné (II) ié intefesting in that the trimethyltin absorbs
at unusually high fieid, 0.10 p.p.xﬁ° (in I and II it occurs at 0.35
p.p.m.), due to its lying above the phenyl group which must be skewed
to the plane of the 2,3~double bond. |
The three Diels-Alder adducts are stable, crystallipe compounds .
On extended standing (seversl weeks), hovever, a slow decomposition
occurs, with formation of methyltin chlorides. This type of behavior

is typical of many organometallic systems with a halogen proximate
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to the metal.®

(10) (a) A. N. Nesmevemoy and A. E. Borisov, Ias Akad. Nauk, S.S.S.R.,
, Otdel Khim.Nauk 146(1945) (b) F. M. Rebel and R. West, J. Am.
Chem. Soc., 84, 4169 (1962); (c) D. Seyferth, unpublished
data.

Cleavage of the C-Sn bonds in I and II by electrophiles such as
halogens and halogen acids is a very facile reaction occurring in

high yield under mild conditions.?

(11) D. seyferth, J. Am. Chem. Soc., 79, 2133 (1957).

FIGURE I




cl C1

Cr

Compounds IV-IX have not been reported in the 1iterature1withvthe.
exception of VIﬂ
elemental analyses. All of the destannated norbornadienes IV-IX

are stable to further attack by electrophiles, unlike norbornadiene

itself,?2 which indicates a significant withdrawal of electron den-

(12) S. Winstein and M. Shebatsky, Chem. and Ind. (London), 56
(1956). |

sity by the chlorines. It must also be stressed that no rearrange-
ment of the carbon skeleton occurred during the C-Sn cléavagevreac-
tions,which almost certainly involve an electrophilic attack at

C-2 (see discussion in Chapter 3); this can be attributed either to
electron withdrawal by the chlorines or to the absence of carbonium
intermediates in C-Sn cleavage reaction or to both, since rearrange-
ments of unhalogenated norbornenes involving a transannular positive

charge are exhaustively documented.®’ 4

(13) J. A. Berson "Moleculer Rearrangements" (ed. P. de Mayo),
Interscience, New York, 1963.

and were characterized by their spectral properties and
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(14) Nesmeyanov has observed the electrophilic cleavage of the C-Hg
bond in B-chlorovinylmercury systems occurs with retention of
configuration which speaks sgainst carbonium ion intermediates:
A. N. Nesmeyanov and A. E. Borisov, Tetrahedron, 1, 158 (1957)..

The products which contain vinylic hydrogens; VI and IX, dis»
color and polymerize rapidly in the atmosphére‘even‘at -20°, No
electrophiles other than thebabove noted hélogens and ha;ogen acids
were ut;lized; g}though é'wide variety of othér‘derivatiies are cer-
tainly avail&ble\by C~-Sn cieavages°

| Attempts to cleafe only one of‘the vinyl-tin bonds in I by
use of one ;quivalent of bromine or iodine were not sﬁcgessful, ale
thoﬁgh geveral modes of addition and temperatures were‘examinédo
Tﬁis‘ié in contrast to thg highly seléctive cleavage of one C-Sn
| bond by iodine (30°) and bromine (=75°) in several o-bis(trimethyl-
tin)benzene systems discussed subsequently. The mééhanistic impli-
cations of this'aré'not clear;, but the availability of systems suchl
as 2-(tr:nne_-‘l:h:y'].'l::i.n)u»3-»'ti:conmv-l,,l&,55,6,;'?,,7«m‘.lm:cac‘.illoro‘b:i.c:yclo[2‘,;'2‘,j.,]mﬁep“t:za:=
Q,S%diene.hy an*aiﬁernéte route led 1o discontinuation of efforts in
this direction.

The perhalogehated norbornadiene systems IV and V offer intrigu-
ing possibilities for the study of halogenmmétal exchange reactions.

In particular, the recent work of Wittig!® in which l-bromo-2-chloro-

(15) fo;6example, see, G. Wittig and H. Heyn, Chem. Ber., 97, 1609

cycloalkenes were converted to the corresponding B-chlorolithium
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coprpounds at low temperatures and then, by raising the temperature,to

the cycloalkynes, suggested the application of a similaer sequence

to 2,3-aibromo-1,h,5,6;7,7~hexachlordbicyclo[2.2.1]hepta-2,5-aiene (v).
It has been found that treatment of V with one equivalent. of _13-

butyllithium in ether at -75° gives a virtuslly quantitative yield of

2;iithio-3-bromo~l ,l4,5,6,7, T-hexachlorcbicyclo[2.2.1]hepta-2, 5-=diene

(X).1® The lithium reagent was not isolated but its structure was

Cl
Cl L
(-]
‘ By onepuna S0 o
c1 - ether
v

(16) These are the conditions of choice; the use of higher temp=-
eratures or of ether-pentane or ether-tetrahydrofuran solu-
tio’ns‘ gave less satisfactory results.

established by quenching with a number of reagents known to react

with organolithium compounds (see Figure 2). In addition, the yield

of E-b'u{:ylbromide (The n=butyllithium was prepared from zx_wbutylchlorn
ide) was determined both to estasblish the course of the halogen-metal ex”
change and to check on the ylelds in the quenching experiments.

Optimum results were obtained with trimethfylchlérosilane 3 the yield

of 2-(trimethyleilyl)-3-bromo-1,k,5,6,7,7-hexachlorobicyclo[2.2.1]-
hepta;2,5ediene(XI)was 9k.5% and of-gébutylbromide 93.5% (yields

were calculated by quantitative g.l.p.c.); less than 1% of n-butyl

chloride was formed.



FIGURE 2

c1 C1 ghg,
X
a o *
7 Si(CHs)s Cl Cl
(2} 1 C Cl
Sn(CHsz)a XII
, Log 1 Cl
MeoSiCl - -
e Me aSnCL B o a o1
c1 c1 | Q Hg 65%
c1 o1 SHeCL T o XIII
i 3 1 -
( Qa»(g) CHoNa Cl Cl

c I - COaCHs

204

All of the compounds XI-XVI are new; XI, XII, XIV and XVI are stable,
crystalline solids while 'XI'I, which is also crystalline, decomposes

at a significant rate on standing and XV, a viscous liquid, bpolymerizes
readily upon standing in the atmosphere. Attempts to react the lith-
ium reagent (X) with one equivalent of mercuric halide to form 2=
(halomercur:i)»}-bromocl ,4,5,6,7, 7mhexachlorobi§yclo[2 .2.1]hepta~2,5=-
diene were uhsuccessful as symmetrization reactions occur and un-
rectifiable mixtures are obtained.

Treatment of V with two equivalents of n-butyllithium at =T5°

w2l
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did not yileld identifiable amounts(of derivatives) of 2,3-dilithio-

1,4,5,6,7,7-hexachlorcbicyclo[2.2.1]hepta-2,5-diene (XVII). Quench-

Cl Cl ClL Cl

1 c1 a c1
1
Br 4 2 npuns _)6
' -75° c XVII
c AN N

ing the reaction mixture at -75° with trimethylchlorosilane yielded
only 2-(trimethylsilyl)~3abromowl,ﬁ,5,6,7,7fhexachlorobicyclo[2,2.i]~
hepta;z,S—diene (k9% crude yield). Examination of the volatile pmc;
ducts of the reaction by quantitative gol.poé. indicated the pres-
ence of Efbutyibiomide (61.%%) and of E;butyl chloride (22.84). The
formation of n-butyl chloride (not observed in the 1:1 reaction)
suggests that attack ofva second equivalent of n-butyllithium on the
bromine atom bonded to the charged, solvated 2,3-double bond of X
is not favorable and attack at one of the chlorines occurs at st
least a comparable rate. The formation of more than 50% of the theo-
retical aﬁount of Eﬁbutylybromide, however, suggests that some of the
dilithio compound (XVII) might have formed, at least transiently.
Attempts to synthesiZe 2,3=dilithioml,h,5,6,7,7~hexachlordbicyclon
[2.2.1]hepta-2,5=-diene by metal-metal exch;nge between the 2,3 -bis(tri-
methyltin compound (I) and two equivalents of Efbutyllithium'were
entirely unsuccéssful; tars were cbtained from which onl& starting

material could be isolated.
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In evaluating the attempts to prepare XVII, it should be noted
that there are no reports in the literature of p-dialkalimetal orggnic
compounds with the exception of the acetylides which comprise a spe-

cial class by virtue of the stability of the Cgp carbanion? and

(17) G. E. Coates, OrganoaMetallic Compounds, Methuen and Co.,
London, 1956, p. 3.

several aromatic systemsl? none of which were prepared by consecu=

(18) (8) G. Wittig and F. Bickelhaupt, Chem. Ber., 91, 883 (1958);
(b) R. J. Harper, E, J. Soloski and C. Tamborski, J. Org. Chem.,
29, 2385 (1964); (c) o-bis(magnesiohalo)benzene can, however,
be prepared in low yield in this manner; H. Heaney, F. G. Mann
and J. T. Millar, J. Chem. Soc., 3930 (1957).

tive metal-halogen exchanges . The reason that consecutive metal-halogen
exchanges cannot be used is that the intermediste p-halometal ccompounds

eliminate metal halidé, even at low temperatures and even when the halo-

gen is fluorine.®

(19) (a) H. Gilman and B. J. Gaj, J. Org. Chem., 22, 4k9 (1957);
(b) D. Seyferth, D. E. Welch and G. Rasb, J. Am. Chem. Soc.,
84, 4266 (1962); (¢) P. L. Coe, R. Stephens and J. C. Tatlow,
J. Chem. Soc., 3227 (1962; (d)-H. E. Zieger and G. Wittig, J.

Org. Chem., 27, 3270 (1962).

Exceptions to the asbove statement which are very relevant to
the properties of X appear in systems in which elimination of the
metal halide and formation of a new C-C x bond is very unfavoreble

due to steric 1imitations on the abilities of the carbons to rehy-
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bridize. In particular, Wittig's'S’# and Roberts'®! studies of

(20) (a) G. Wittig and A, Pohmer, Chem. Ber., 89, 334 (1956);
(b) G. Wittig and R. Pohlke, ibid., 9k, 3276 (1961); (c) G.
Wittig and U. Mayer, Angew. Chem., 7K, 479 (1962); (d) G. Wittig
and F. Wingler, Chem. Ber., 97, 2130 (1964); (e) G. Wittig,
J. Weinlich and E. R. Wilson,ibid., 98, 458 (1965).

(21) L. K. Montgomery, F. Scardaglia and J. D. Rb‘berts, J. Am. Chem.
Soc., 87, 1917 (1965).

the generation of small ring acetylenes (Cyclooctyne is the smallest

stable cycloalkyne and it is highly s*trained.)?‘? indicate that the 1l-

(22) A. T. Blomguist and L. H. Liu, ibid., 78, 2153 (1953).

lithio-2-halocycloalk-1l-emes will be relatively stable in cases where

formation of the corresponding acetylene is unfavorable.

Br i i
s e &0 ¢
Li

XVIIla XVIITb XVIIIe XVIIid XVIIle
Considered in this light, 2-1ithio=3~bromo-1,4,5,6,7,7-hexa--

chlorobicyclo[2.2.1]hepta-2,5-diene (X) should be sta’ble) since the
acetylene ’cha’t would be o'btainéd »by elimination of lithium bromide,
hexachlorobicyclo[2.2.1]hept=-2-eneH«yne, is considerably more strain-
ed tﬁan cycloi)entyne., Some idea of the increased strain is obtained

by an estimate of the strain in norbornadiene itseli‘,23 taken with
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(23) A strain of 20-30 kcal. is indicated by the data of P. R.
Schleyer, ibid., 80, 1700 (1958) and R. B. Turner, W. R.
Meador and R. E. Winkler, ibid., 79, 411 (1957).

the féct that the significant distortions necessary to accommodate
a linear acetylene unit are virtually impossible for the rigid bicyclo=
[2.2.1)heptane skeleton. Thé{possibility of X dgcomposing by en
alternate route with lithium chloride elimination must also be
considered. | -

Experimentally, X is found to be quite stable in ether at
room temperature. Quenching aliquots of the lithium reagent with
trimethylchlorosilane at various time intervels indicates that some
of the compound ( < 15%)-15 still present after 48 hr. at 28 f 2°,
Decomposition is édmplete withinVTE‘hr,; however. = In comparison,
1~lithio=2nbromocyclopentAlwene is entirely decomposed, after
20 hr. at 20°.2%  Specific data on XVIIIa and XVIIIb are not
available except that Wittig and Heynls note that a 50% yield methyl
esteérs was obtained by tréating a solution of XVIIIs that had stood
at‘room temperature for 1h nr. with carbon dioxide and thén diazo-
methane° (It should be noted that treatment of 24brcmom3§chlorou1,l-
dimethylindene_wi@h Eébuﬁyllithium at -75° actually gives au9:1 miiture
of XVIIIa and 3-lithio-2.bromo-1,l-dimethylindene.35) The stability
of X is, thus, roughly in line with expectations based on Wittig's
‘data. Tt must be reiterated that the possibility’of X's decomposi-

tion by lithiﬁm chloride elimination cannot be rigorously excluded since
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all experiments were carried out with nnbutyllithiwn containing
complexed lithium c:hlor:l.de°
The short-lived acetylenes formed from XVIIIc,d, and edby

elimination of lithium bromide were sncces&fully trapped with dienes,

the‘ acetylene from XVIIIb could not be generated in this way but was
generated by an alternate route and trapped. Attempts to generate

cyclobutyne heve not been successful.®4 A bicyclo[3.2.1]oct-2-yne

(24) (a) J. D. Roberts and L. K. Montgomery, J. Am, Chem. Soc.,
82, 4750(1960); (b) G. Wittig and E. R. Wilson, Chem. Ber.,

'9'8, 451 (1965).

has been generated and trapped, in high yield.=S

(25) K.92.)Erickson and J. Wolinsky, J. Am. Chem. Soc., 87, 11h2
(1965

Wittié's results indicate clearly that the stebility of the
cycloalkynes (and the ability to trap them) decreases rapidly with
increased strain (decreasing size dof the ring); this is dram‘éicél-‘
ly indicated by the decreasing yields of cycloheptyne, cyclohexyne
and cyclopentyne adducts with isobenzofurén under identical condia '
‘c:l.ons.,a"-D With cyclopentyne the yields are already very low (121,
was optimm and 1-6% was t'ypica.l) , and 1t 1s reasonsble that more
strained acetylenes will be even more elusive.

Attempts to generate and trep bicyclo[2,2_el]hept=2=ene=5=yne

by allowing X to decompose in the presence of excess 2,5=-diphenyl=~
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igo‘pgpzpfp:}an' or furan were without success. None of the adduct ‘could
be isolated nor w_a.s‘theréany evidence of its formation from spectral
(NMR) and t.l.c. examination of crude reaction mixtures. The 'uonly
6rganic products isolable from tixese reaction mixtures were small

emounts of the starting dibromide and some of the product of hydroly-

sis of the lithium reagent; there were also considersble amounts of

black tars.

The reaction of one equivalent of n-butyllithium with foctacméro;'
bicyclo ,[2.2.1]hepta-2,5-diene (IV) has also been examined but only
~in a cursory mamier. 'I‘he course of the reaction is quite different
" than with V; a considersble amount of starting material, >30%, is

_recavefed and the major product, when the reaction mixture was quench-

ed with ethanol, was 1,2,3,4,5,6,7-heptachlorobicyclo[2.2.1]hepta=

2,5-diene (XIX).

‘ Other, higher boiling products appeared to contain the same biecyeclic
carbon skeleton (on the basis of infrared and MMR spectral analysis)
but to have a T-butyl substituent; insufficient amounts of 'thet“sﬁe
products were availsble for complete stz"’u'ctmfe determinations. The
recent observation.that 7, 7~dichloronoréaran§ reacts with n-butyllith-

ium at low temperature to give a T-chloro-T-norcaranyl radical by one
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electron transfer®®(The dibromo anslog behaved "normally.")®7 might

(26) D. B. Ledlie, PhD. Thesis, M.I.T., 1966.

(27) H. R. Ward, PhD. Thesis, M.I.T., 1961.

be relevant to the behavior of octachlordbicyclo[a.2.1]hepta:é,5:
diene.

The DielsgAlder reaction of 1,2,3,h-tétrachloroes;SQdimeth:
oxycyclopentadiehe and bis(trimethyltin)acetylene was also examined.
It had been reported that adducts of this diene with acetylenes .

aromatize with loss of the bridgehead at moderate temperatures (~100°)28

(28) 1leading references are (a) H. Feichtinger and H. Linden,
Ger. Pat. 1,105,862; CA,56, 2803 (1962); (b) J. Dieckman,
J. Org. Chem., 28, 2880 (1963); (c¢) R. W. Hoffman and H. Hauser,
Tetrahedron, 21, 891 (1965); (d) D. M. Lemal, E. P, Gosselink
and S. D. McGregor, J. Am. Chem. Soc., 88, 583 (1966).

and, accordingly, it seemed to offer a direct route to aromatic sysé
tems with chlorine and tin in the ortho positions. It should be

noted that the behavior of the ketal bridgehead in 1,2,3,k-tetrachloro-
7,7-dimethobeicyclo[2.2aljhepta~2,Sudiene is quite different than that

of a chlorine substituted bridgehead (steble to at least 230°)2° or.

(29) (a) H. M. Molotsky, U. S. Pat. 2946817 (1960);C.A, 55, 5856
(1961); (b) Data obtained in this study.

of a fluorine substituted bridgehead (eliminates at 480°).%° Loss
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(30) E. T. McBee, D, K., Smithand H. E., Ungnede, J. Am. Chem. Soc.,
11, 387 (1955).

of the bridgehead from the 1,2,3,h-tetrachloro-5,S-dimethoxy cyclo-
pentadiene-acetylene adducts can apparen{:ly proceed by one of j:wo
paths depending on the polarity of the groups on the 5,6-double bond

and on the polarity of the solvent.
HaCO OCHg —

2
%ﬂ.cal

HaC Ha
c1 Cl

Q
o

o

+
o — =¥
e

The "radicael" path is favored by non-polar substituents (X, Y) and
solvents.28¢7¢

When 1,2,3,k=tetrachloro-5,5=-dimethoxycyclopentadiene and bis-
(trimethyltin)acetylene are heated in refluxing xylene or n-butyl
ether for 24-48 hrs., the products obtained are 1,2-bis(trimethyl=
tin)tetrachlorobenzene (XX), l-(trimefhyl'bin)-e ,3,4,5-tetrachlorcbenz-

ene (XXI) and 1,2,3,4-tetrachlorcbenzene (XXII).



XXIII
Cl
Sn(CHs) s HaCO OCHs T 1 Sn(CHs)
a)s
¢ cl Cl
I — Fn{CHe)g 02
! (CHz)s Sn(CHs) 3
c Cl
Sn(CH3)3 — Snézng)s - CL -
cl cl Sn(CHa) s
é——-
c1” H CY B
Cl 1
XXII XXI

The exact mixture of products cbtained depends strongly on the Work-

up but ylelds of aromstic compounds are generally 40-60% (the highest

yield of XX obtained was 38%). The occurrence of XXI and XXII has

beeh éhown to be due primerily to secondary reactions during the

work-up, but their formation, in small amounts at intermediate stag-

es cannot be excluded,since crude reaction mixtures, after careful

removal of solvent but prior to any other handling, show traces of

ebsorption in the aryl fegion of the MR spectrum.

The sensitivity of the C-Sn linkages in XX and XXI is due

to the generally high reactivity of aryl-tin bonds

(they are consid-

ersbly more sensitive to electrophiles than vinyl-tin bonds)®* which

is enhanced in these cases by the considerable relief of strain result-

ing from destannatiofi‘and by the electron-withdrawing chlorine sub-
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(31) Relief of strain has been shown to have a powerfully accelerat-
ing effect on electrophillc C—Bn cleavage; O, Buchman, M.
Gr