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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.
Grosjean, J. Nasielski and B. Wilmet-Devos, Helv. Chem. Acta,

47, 1689 (1964).

stituents.32

(32) R. D. Chembers and T. Chivers, J. Chem. Soc., 4782 (1964), have
found greatly enhanced susceptlibility to nucelophilic cleav-
age in perfluoroaryltin compounds.

None of the initial Diels-Alder adduct, 2,3~bis(trime_thyltin):
1,4,5 ,6-1‘:etrachloro-7 ’ 7~dimethoxybicyclo[2 ;2. 1]he,1$ta~2 ,5=diene (XXIII)
i}s isolable under the reaction conditions. Examination of crude
reaction mixtures.'prior to workaup,ind‘icat:ed the iaresence of, at most,
trace amourrté. |

- The decomposition of XXIII appears to occur exclusively‘by_ the .
v".radical‘ fath" sincé no compounds with the carbomethoxy moiety were
isolable (an examination of crude reaction mixtures 5y'M&R suggested
that perhaps 1% might be present but this could not be confirmed).
This is as predicted by Lemalaaa‘ and Hoffmann28" since the reaction
medium (xylene) is nonmpolar and the 2,3-substituents have relatively

weak interactions with the double bond.



EXPERIMENTAL

Infrared spectra were recorded on either a Perkin Elmer Infra-
cord 337 or 237 spectrophotometer. Absorptions at 1603 cm=t and |
1029 cm™? fromﬂa pplystyrene £ilm wefe used to calibra£e the spectra.

Ultraviolet speétra were recorded on a Cary 14 instrument by
Mrs. Nancy'Alvordbof M.I.T.

MR spectra were cbtained with a Varian Associates A-60 spec-
trometer. Chemical shifts are given in p.p.m. downfield from tetra-
methylsiléne (T™S) which.wés employed as an internal standard.

In some systems, the occurrence ¢ s&bsorptions due to the compound

at about 0.0 P.p.l. necessitated the use of slternate internal stand-
ards. In these céﬁes chloroform or cyclohexane was typlcally em-
ployed. The sweep calibration (chloroform, cyclohexane and TMS in
carbon:tetrachloriée) was alw&yé checked concurrently.

Elemental analyses were performed by Dr. 8. M. Negy of M.I.T.
(SMN), The Gelbraith Laboratories of Knoxville, Tennessee (G), and
fhe Scﬁwarzéopf Microaﬁélytical Leboratory of Woodside, N. Y. (8).

‘Melting points were taken with a Mel-temp or Bflchi ap@arafus and
are corfécied.

Thin layer chromatbgrams were obtainea using either 50 x 150 mm.
glass plates or 25 x 75 mm. micrascope slides coated with a uni-
form layer of Silica Gel G(Rinckpan Instraments) ., Development was
genérally accomplished with iodine. In specific cases sodium.sulf-

ide or 50% sulfuric acid were utilized.

a35an
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All reactions were carried out in dry flasks in an atmosphere
of prepurified nitrogen using magnetic stirring, unless otherwise
indicated. |

References to the research notebooks are given immediately

following the title of the experiments.

Bis(trimethyltin)acetylene- (I-AE-13).

Approximately 400 ml. of ammonia (National Ammonia Co.) was
condensed in a 3 l.43-necked flask eqnipped with mechanical stir-
ring qpnaratus and a Dry Ice condenser and cooled to -75° with a
~ Dry Ice-acetone bath. Addition of 1k.5 g.(0.63 g-atom) of sodium
(J. T. Baker, purified) andro,ls_g,of ferric nitrate (Mallincrodt
ansl. resgent) resulted in the formation of a very dark blue solution
of sodamide; £h§ sodium required approximntely 30 min. to dissolve
completely. Afton an additional 30 min;; acetylene (Airco) was
passed into the solution nia a frintered glnns gaé dispersion tube.
A vigorously exothermic réaction ensued which'oppéared to be over
in about 15 min,, the flow of acetylene was continued for 1 hr.

" in all. The reaction mixture was grey and contained a large amount
of suspended, white (2) solid. A solution of 98 g. (0.49 m.) of tri-
methyltin chloride in 500 ml. of ether (Mallincrodt‘anhydroua) was
added dropwise but rapidly to the reaction mixture (slow addition
leads to clogging of the apparatus due to complexing of the tin
helide by ammonia); the stannation was visibly exothermic. After

stirring for en additional 1 hr. at -75°, the cooling bath was re-
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moved and the ammonia allowed to evaporate overnight.

- An additional 700 ml. of ether was added to the reaction mixQ
ture and the solution was‘,theq)filtered° The filtrate was distilled
fractionally wifh a trap-to-trap apparatus. The first_fraction
(60°/0.4 mm. ) contained éther, various low boiling side products and
?robabij‘some(trimethyltin)acetylene The.éecond fraction, which dis-
tilled at §100°/0.2 mm.,)consistéd of a colorless, crysfalline solid,
m.p. 57-60° (Iit. m.p. 59-60°)7. The yield was T2 g. (83.5%).

Bis(trimethyltin)acetylene has a strong but not'uhpleaﬁant
odor; in'view of its almost certain toxicity, this is beneficisl
since its presence in the atmosphere can Be rapidly detected. The
compdhnd is moisture sensitive but has considerable thermal stability
(It was recovéfed in high yields from unsuccessful DielsnAlder'reac-
tions after 7 da&s at 140°). |

in some preﬁarations,the product was a mixture of solids and
an oil. Attempts at fractional distina@i‘on were not successful,
but it was found that a product of satisfactory purity could be
obtained by pumping on the sample at approximately .1 mm. (30°)
for several dajrs°

The procedure of lappert3® was also utilized in the preparation

(33) K. Jones and M. F. Lappert, J. Chem. Soc., 19kl (1965) .

of bis(trimethyltin)acetylene and found to give an extremely pure
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product,although in lower yield ( ~50%) than the sodium acetylide

preparation. This procedure does have the advantage of eliminating

3

the rather tedious trap-to-trap distillation.

(Phenylethynyl)trimethyltin- (V-AE-68).

(Phenylethynyl)trimethyltin was prepared by a slight modifi-

cation of the procedure of L. Vaughan.®* A solution of 0.085 m. of

(34) L. Vaughan, these lasboratories, unpublished data.

n-butyllithium (Foote Mineral Co.) in 200 ml. of dry hexane (distil-

led from 1AH) was added to a solution of 9.1 g. (0.089 m.) of phenyl;
acetylene (Eastman practical grade, redistilied).in 100 ml. of hex-

ane. The reaction was significently exothermic and the iithium

acetylide precipiteted immediately. The reaction mixtufe was'stir-

red vigorously for 8 hr.. and, then, 22.0 g. (6,90 m.) of trimethyl-

tin bromide in 30 ml. of hexane was added. The resultant soiution

was stirred for 14 hr.. The reaction mixtu?e was filtéfed and con=
ceﬁtrated on a water aspirator. Distillation trap-to-trap at 9O°/0007 mm,
gave'i9.7 g. (86%) of colorléSs‘crystals, m.p. 58-63°. Extended |
pumping on the distillate raised the melting point to 6095-:66“°

P?ior;té use, small portiohs'wefe crystallized frdm hexane at -20°

and filtered under nitrogen, m.p. 62-6°, (lit. m.p. 67°).35

(35) H. Bartmenn, B. Karbstein, B. Scheper, and W. Reiss, Naturwissenshaften,
50, 373 (1963). ' '
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Propynyltrimethyltin— (VI-AE-1).

_ Propynyltrimethyltin wes prepared by a slight modiification of
the method of Vaughan.af" Propyne (Matﬁeson gas) was passed into a.
wéll stirred solution of 0.148 m. | of n-butyllithium in 150 ml. of
pentane (freshly distilled from IAH), cooled at 0° with an ice-water
bath. The reaction was visibljr exothermic and a voluminous white
precipitate (the acetylide) formed jmmediately. Addition of the
propyne was discontinued after 3 hr. ) and the reacf.ion mixture was
stirred vigorously for ancther 10 hr. A solution of 35.0 g. (0.144 m.)
of trimethyltin bromide in 30 ml. of pentane was added; the reaction
was quite vigorous and it was necessary to cool the reaction ve'ssel»
1;0 0°. After addition was complete’the reaction mixturé wase Slowly
wamed to room températu.re and then" heated at reflux for 12 hr.
Fiitration of the solution and concentration with s; water aspirator
left an evil-smelling, discolored liquid. Distil;ation with a
Vigreux column equippéd with é fraction cutter gave two fractions
of relatively pure product: J:'qu'j g. (b.p. i}5—l39.5°) and 10.60 g.
(139.5-41°)." The crude yleld is 95%. Examination of the distillate-
by g.1l.p.co. indicai:ed that the first fraction contained approximately
3% of a low boiling impurity but thét the second fraction cbnsistedi
of a single compound. Redistillation of the first fraction gave 13.2 g.,

b.p. 138-9° (1lit. b.p. 76=8°/100 mm.3%).An MR spectrum of this ma-

(36) M. L. Quan and P. Cadiot, Compt. Rend., gg_!t, 133 (1962).
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terial was identical with that reported for propynyltrimethyltin.37

(37) M. P. Simonin, J. Orgenometal. Chem., 5, 155 (1966).

Diels-Alder Reaction of Bis(trimethyltin)acetylene and Hexa-

,chlorocyclopentadiene' 2,3-Bis(trimethyltin)~1,4,5,6,7,7-hexachloro-

bicyclo[2 2.1]hepta-2,5-diene (I) — (IV-AE-11; I-AE-15; I-AE-46).

A solution of 19.10 g. (56.7 ymole ) of bis(trimethyltin)acetyl~
ene, 14.56 g. (53.4 mmole ) of hexachlorocyclopentadiene (Hooker

Chem. Co., redistilled, nf® 1.5622; lit. nB> 1.5614°®)and 0.5 g.

(38) H. Gerding, H. J. Prins and H. Van Bredewode, Rec. Trav°
Chim., 65, 168 (1946).

of hydroquinoné in 300 ml. of n-butyl ether (Union Carbide pure,
aistilled from sodium)were heabed for 25 hr. The solution dark-
éned and was black after 1 hr.

'Removai of volatile material by trap-to-trap distillation
(30°/0.3 mn.) and then direct distillation (7o°/o°os ymm. ) lest
a blaék, solid residue. The;résidue was washed with 260 ml. of cold
“'methanol and5then,was dissolved in pentaﬁe and decol&rized‘with
charcoel. Concentratioﬁaaddition of methanol and cooling yielded
two crops, 20.63 g;,‘of off-white crystals (m.p. 84-8°); an addi-
tionai 1.46 g. (m.p. 82-7°) was obtained from the methancl wash-
ings. The yield was 22,1 g (66%). . One recrystallization from

pentane-methanocl gave colorless crystals, m.p. 89-90°.
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All analyticel data were in agreement with the structure I.
The NMR(CCl,) was a singlet at 0.35 p.p.m. with satellites, Jgp117-g
54 c.p.s. and Jgplle.y 56 c.p.s. The infrared spectrum (CClg,

CS») consisted of ebsorptions at 2980(m), 2920 (m), 1605(Ve=c 5 m),
F 1\

L CL
1260 (w), 1195 ( gn-cHs symj ¥)» 1160 (W), 1135(m), 1098(m), 1020(m),

863(s), 835(m), T75( Sn-CHs rocks Ve 5.), 720(m), 685(m), 650(w),
and 520 cm” q%p_Sn Str,; 8).
" Amal. Calcd. for CigHiaCleSna (M. W. 62h 4): ©,25.01; H, 2.91;

c1, 5&.07. Found (G) (M. W. 640):3° ¢, 24.95; H, 2078;101, 33.76.

(39) Determined osmdmetrically in benzene by Mrs. N. Alvord of

* ko o

The Diels-Alder reaction of big(trimethyltin)acetylene and hexa-
‘chloroéyclopentadiene was also run in refluxing xylenme (24 hr:.)
and refluxing toluene (114 hr:.); the yields of I were,respective=-
1y, 53% and 1é¢. |

 In some cages, especially when slightly impure acetylide

was employed, the residue from distillation of the volétiles was an
| oil. Work-ups involving chromatographic filtration through alumina
(Woeln, neutral, activity 1) or silica gel (Brinckman G) columns
using pentane as the eluent were most satisfactory in these instances.

4

Removal of the eluent gave crystalline material directly.
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,pielsq@lﬁer Reaction of Propynyltiimethyltin and Hexachloro-

cyclopentadiene;2-Qr;imethyltin)-l,h,5,6,7,7qhexachloro~3-methyl-

bicyclo[2.2.1]hepta-2,5-diene (II) — (II-AE-66).-

A solution of 6.639 g. (32.7 mmole ) of probynyltrimethyltin,
10.868 g. (40.0 mmole ) of hexachlorocyclopentadiene and 0.2 g. of
hydroquinone’in 50 ml. of xylene (Fisher Scientific Co., freshly
distilled from sodium was heated at reflui for k4 hr.. The solu-
tion was black after 1 Hr.

Removal of the solvent and starting materials by trap-to-
trap distillation (80 /O 3 m.) left an oily,black residue. This
: was adsorbed on a few grams of silica gel and filtered through
a(Tin. x 7/8injcolumn of silica gel using pentane‘(SOO ml.) as the
'eiuent.‘ Romoval of the peotane left 10.42 go.of oll froo which
9.72 g. of off-white crystals, m.p. 80.5«83.5° %ere cbtained by
crystallization from ethereal-methanol at 0°. Recrystallization
from the same solvent gave colorless prisms, m.p. 83=5°,

Analytical date indicated the structure II for the product.
The compound had absorptions in the NMR at 2.03 PeDem. (singlet,

C—CHs) and 0.36 p.p.m. (singlet,'Snmggg) with relative areas of
1:3. The Sn—CHg absorption had satellites JSn117=H 55 C¢.PeBos
Jsnlle_y 57 c.p.s. The infrared spectrum (CCl4) had bands at 2985(w),

 2910(w), 1605(Yg =g 5 m), 1585(Yo=g 5 W), 1550(w), 1435(m), 1385(v),
L € -/ &n
1195(Ygn.cHg syn.} ¥)7 1150(s), 1128(m), 1091(s), 1042(m), 1010(m),

992(m), 938(m), 900(s), 858(s), 683(s), 6h8(w), and 525 cm"l(vsn_c, s).
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Anal. Calcd. for C1iHizCleSn: C, 27.78; H, 2.54; CL, Wh.73.

‘Found (SMN): C, 27.97;‘H,"2;86§‘cl, 161

Diels-Alder Reaction of (Phenylethynyl)trimethyltin and Hexa-

chlorbgyclopentadiene: 2-(ﬂrimethyltin)ml,h,5,6,7,7Ahekachlor6-

3-phenylbicycio[2.2.1jhepté-2,5¥diene (III);»(VqAE~69; IqAE-59).
| - A solution of 2.59 é. (9.8% mmole ) of (phenyleyhynyl)trimethyl-
tin, 2.85 g. (10.83 mmole ) of hexachlorocyclbpentadiene, and 0.1 g.
of hwdroquinoﬁe in 50 ml. of xylene (freshly distilled from sodium)
was heated at reflux for 29 hr.

After removal of the solvent and unreacted starting materials
in vacuo, thg oilybblack résiﬁue was'dissolved in pentane and decolor-
ized with charcoal. Attempts to induce crystals to form from pentane-
methanol solutions were unsﬁccessful° The reaction mixture was
‘filtered throuéh a short silica gél.columh.using~pentané as‘the el-
uent. Concentration of the chromﬁ;ographed solution, addition of
methancl and cooling (several days) led to the formation of 1.10 g.
(21%) of off-white crystals, m.p. 97-102°, Recrystallization from
ﬁenﬁ&ne-nmthanol or ether-methanol solution gavehcolorless crystals,
m.p. 101.5-102.5°.

The MR spectrum of the adduct (CCl,) had a broad complex
miltiplet at 7.0-7.52 p.p.m. (Ar-E) and & singlet (Sn-CHg) &t 0.10 p.p.m.
(Jsn227.g 56 C.p.B.} JSnlle_H'Eélc;pos.), with relative areas of
6:9 (should be 5:9). -The infrared spectrum (CCly) had bands a%

3070(V) , 3330(w), 2980(w), 2920(w), 1605(7('3-———9 ,§/.m),_ 15556’_c=c 3 m),
Cl C1 o &n
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1485(m), 1450(m), 1250(w), 1190(7gn_cH, sym.s ¥)» 1145(m), 1130(m),
1085(7g, a3 8)s 1045(s), 1020(m), 900(w), 880(s), 850(s), 700(sh),
695(s), 685(s), 650(w), 620(‘7): 580(\1), SIO(W), 555(w), and |

525 cm'l(ysn_c str.’ V).

Anal. Calcd. for CigH14CleSn: C, 35.7h; H, 2.62; Cl, 39.56.

Found (6): C, 35.73; H, 2.75; Cl, 39.76.

2,3=Bis(trimethyltin)-1,4,5,6,7,7-hexachlorobicyclo[2.2.1]~

hepta-2,5-diene (I), Chlorinoiysis} Octachlorobicyclo[2.2.1]hepta~

2,5-diene (EZ) - (VjAE-hli I-AE-48).
A solution of 5.04 g. (8.08 mmole j of I in 50 ml. of chloro-
form (Fisher reagent) was treated in dropwise fashion with 1.19 g.
(16.76 mmole ) of chlorine (Matheson; gas)in 30 ml. of chlorpfbrm
(Fisher reagen). Reaction was instantaneous as évidenced by dis-
appearance of the chlorine color. The'solvent and trimethyltin chlor-
ide were removed in vacuo (30°/0.05 mm.). The residue, a yellow
oil, was dissolved in pentane,filtered and concentrated. Addition
of methanol and coolling yielded three crops of colorless crystals:
1.8% g. (m.p. 86-88.3°), 0.33 g. (m.p. 83-88°) and 0.27 g. (m.p.
82-6°). 'The crude yield was q,ua.nﬁitative° One recrystallization
from pentaneJmethanol gave analytically pure materisl, m.p. 87°5~
88.5°.
Absorption spectra and elemental analysis were in agreement

with the structure IV. The ultraviolet spectrum (n-heptane) had

Muax 233 mp(e W430), Xgp 239 mu(e 3630), and Agh 265 mu(e 320).-
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The infrared spectrum (CCl, and CSz) heel absorptions at 1610 (7 ==gl; m),

158507 =g 5 m), 11b5(s), 2095(e), 1055(w), 1000(m), 920(w), 905(w),

ClL C1
865(w), 760(s), 700(s), 685(s), and 675 cm(s).

Anal. Calcd. for C,Clg: C, 22.86; Cl, 77.1k. Found (G):

c, 22.87;' €1, 77.30.

Brominolysis of I: 2,3-Bibromo-1,4,5,6,7,7-hexachlorobicyclo-

[2.2.1]hepta-2,5-diene (V) ~ (I-AE-Th; IV-AE-10).

A solution of 5.60 g. (8.97 nmoles) of III in 100 ml. of chlqro;
" form : was treated in a dropwise manner with 3.00 g.(18.76 mmole )
of bromine (Mallinérodt analytical reagent} in methanol (Fisher
reagent). Cleavege was instantaneous. Removal of the solﬁent in
!gggg (60°/0.04 mm.) left a yellow, crystalline residue. This was
dissolved in pentane, filtered, concentrated andqthén,induced to crystal-
. lize by addition of methanol and cooling. Three érops of crystals
were cbtained:2.9k g. (m.p. 96.5-100°), 0.34 g. (m.p. 94-8°)and
0.57 g. (m.p. 91-6°); the yield was 3.85 g. (94%). One recrystéla
lization gave analytically pure materiél, m.p. 98.5-100.5°.

Thé ultraviolet spectrum (n-heptane) had Ay, 237 mu(e 6 780),
Agp 24k mp,(c-:.6190) and Apo. 271 mu(e 701). ‘The infrared spectrum

(CCl4) had absorptions at 1605(?c=c ; ), 1575(7 —a 3 m), 1230(w),
) 81 i_».r
1120(s), 1083(s), 1075(s), 1045(w), 1005(w), 920(w), 900(s), T00(s),

670(m), 640(s), and 620 cm™*(m).
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Anal. Caled. for C,BraCle: C, 18.41; Hal., 81.58; Br, 35.00.

Found (SMN, G): C, 18.58; Hal., 81.40; Br, 3L.T6.

Protolysis of I: 1,2,3,4,7,7-Hexachlorobicyclo[2.2.1]hepta-

2,5-diene (VI) - (I-AE-67).

A solution of 2.46 g. (3.94% mmole) of I in 50 ml. of ether

(Mellinerodt anhydrous) was treated in a dropwise manner, with

4.8 mmole of HC1 (0.40 ml. of conc. HC1 [duPont] diluted to 30 ml.
with Fisher reagent methanol). Addition of saturated potassium
fluoride (ethanol [1]:water[l])converted the trimethyltin chloride
tothe insol@le fluoride. Filtration and separation of the

ethereal layer gave a yellow solution. This was dried (anhydrous
MgS0,) and concentrated. Column filtration (Woelm alumina) gave

0.905 g. (824) of a colorless oil, n3® 1.5469, which darkened rapid-
ly on standing in the atmosphere. An analytical sample was c¢btained by

distillation with a Hickman Still (b.p. ~ 80°/0.20 mm.; n5> 1.5520).%

(40) A. F. Plate and G. A. Tarasova, Izv. Akad. Nauk, S.5.5.R.,
Otdel. Khim. Nauk, 873 (1957); C. A., 56, T166c (1962).

The compound was further characterized by its NMR spectrum (ccly)

which consisted of a singlet at 6.68 p.p.m.,%1 and infrared spectrum

(41) The vinyl hydrogens in norbornadiene absorb at 6.75 p-p.m.:
Varian Associates, Palo Alto, California, vol. 2, spectrum

Fu87. ,
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(£11m) which showed peaks at 3120(w5, 3080(w), 2925(imp. ), 16151
i?c:ci 5), 1275(s), 1150(s), 1090(s), 1030(m), 1000(s), 900(s),
858(8)% ;éo(s); 750(v.8.), 678(w), and 640 cm”*(m).

é_zi_;i. Caled. for C7HzClg: C, 21.1k4; H, 0.67. Found (SMN):

C, 28.34; H, 0.77.

-(Trimethyltin)-l 4,5,6,7,7 -hexachloro~3=methy1(bic&clo[a 2 1]-

h_gta-a 5-diene (II), Chlorinolysis: 1 2,3,h,ylyl7,7~heptachloro-
6-mathylbicyclo~[2 2. l]hepta-E 5~diene (VII) - (VI-AE-30).
To an ethereal solution of 0.60 g. of IV was added a solution

of chlorine (g.) in methanol until a yellow color persisted in the

reaction mixture.: Removal of the solvents and trimethyltin chlor-‘

ide in vacuo 1eft a yellow oil. This was dissolved in pentane, fil-

tered, concenﬁrated, treated with methenol ahd cooled. TWO crops

of crystals’oi305 g (82«5%), mp. 91.5-93] were obtained, One re;

cr&stalliiat@on from the same solvent gave analytical material,

m.p. 92.3-93.3°. |
The properties of the material were in agreement with the struc-

ture IX. The NQR (CClg)was a singlet at 1.95 p.p.m. The ultra-

violet spectrum (EtOH) had A, 228 mp(e 3900),Agp 270 mu(e 285),

and Agy 270 mu(e 285). The infrared spectrum (CCly) hed. ebsorptions

at 2980(w), 2950(w), 2915(w), 2850(imp.), 1645(rg_g ) » 160
, o=
, CL
(7c:Q )y 1435(m), 1375(w), 1260(w), 1230(m), 1150(s), 1110(s),
Cl Cl '
£ 1070(m), 1065(n), 2030(sh), 1010(s), 955(m), 910(m), 900(s), 700(s),

690(3), 635(m), and 550 cm=1(w)
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Brominolysis of II: 2-$&omo-1 4,5,6, 7, -hexachloroqs-methyl-

, bicyclo[2 2. l]hepta-2 5-diene (VIII) - (VqAE~h9)

- An ethereal solution of 0.127 g. (0. 266 mmole) of II was treat-

ed in a dropwise manner with a solution of bromine in methanol un-

til a bromine color persisted in the reaction mixture. After stir-
| ring for an additional 20 min., the volatiles were removed 12;25322.
The resultant residue was dissolved in pentane,filtered and crystal-
lized by addition of ﬁethanol and cooling. A second recrystalliza-
tion (pentane-metﬁanol) gave colorless crystals, m.p. 98.5-100.5°.

The ana;ytical data for the product was in accord with the-

expected structure,VIII. The MR (CCL,) was a singlet at 1,95
p.p.m.‘ The ultraviolet spectrum (EtOH) had Apay 22& mu(e 4100)
and Agy 277 mu(e 340). The compound abscrbed in the infrered (CCly)

at 2980(w), 2950(w), 2920(w), 2850(w); imp.), 161&0(7?-_-.2 3 m),
1

1600(7 =?-§. s).) 1155 (m), 1380(w), 1220(m), 1150(s), 1110(s), 1060(s),
gi,cioms), 955(s), 910(s), 905(sh), 895(sh), 885(s), TLO(w),
700(w),_700(s),‘690(s), 660(s), and 610 cm=1(s).

1030(s

Ansl. Calcd. for CgHaBrClg: C, 24.53; H, 0.77. Found (SMN):

c,{a{h.l}, H, loolo

Protolysis of II; 1,2,3,4,7,7-Hexachloro-5-methylbicyclo-

[2.2.1]hepta-2,5-diene (IX) - (V-AE-L9).
A solution of 0.170 g. (0.36 mmole) of II in 5 ml. of ether

was treated with 0..42 mmole of methanolic~HCl. The sblution was
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stirred overnight andgthenothe.solvent removed using & wgter aspi:
~rator. The residue, a light yellow oil, was collected by g.1l.p.c.
(F iand M isothermal at 205° using & 6 £t. x 5 mm. column of 7.5% of
Genefgl Electric's silicoﬁe SE 30 on Chromosorb P). An analytical
sample was colorless and hed ngs°S 1.5440.

The coﬁpouﬂd had the properties expected for XI. The MMR
spectrum (CCLy) consisted of & quartet (J = 2.2 c.p.s.) at 6.20
p.p.m. and a doublet ét 1.97 p.p.m. with relative areas of 1:3.
The ultraviolet spectrum (EtOH) had A, 222 mu(e 3150) and Apayx
265 my(€ 550). The near infrared (CCly) showed an absorption at |

1.645u (6078 cm='),42 The infrared spectrum (film) ° showed bands

(4%2) The vinyl proton in 1,2,3,h»tetrachloro«?,7-diméthqubicyclo- .
[2.2.1)hepta-2,5-diene absorbs at 1.64l4y: P. Gassmen and H.
M. Hooker, J. Am. Chem. Soc., 87, 1079 (1966).

at 3100(w), 2980(w), 2950(w), 2920(w), 1635(w), 1600(m), 1430(m),
1380(w), 1265(sh), 1250(m), 1200(m), 1170(w), 1155(s), 1115(s), 1060 (m),
1045(s), 1010(s), 999(m), 955(m), 905(s), 850(s), 710(m), 690(s),
660(s), and 630 cm™*(m).

Aral, Caled. for CglgCle: C, 30.71;H, 1.29. Found (SMN):

C, 30.Th; H, 1.46.

Attempted Preparation of 2-(Primethyltin)-1,4,5,6,7,7-hexa-

chloro-3-iodobicyclo[2.2.1]hepta=-2,5-diene -~ (V-AE-16):

A solution of 1.3509 g. (2.163 mmole) of I in 60 ml. of ether (1):
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methanol (2) was treated dropwise with a solution of 0.5863 g. (2,31
mmole) of iodine (Mallincrodt analytical) in 50 ml. of methanol. The

rate of addition was controlled so that the concentration of iodine in

the reaction mixture (coloration) was always low; addition in this manner
required 12 hr. Removal of solvent and trimethyltin iodide in vacuo
(25°/0.05 m.) left a yellow oil, T.l.c. analysis {silica gelepentane)
showed a single spot with the sam= 3r as I. An infrared spectrum (£i1m)
had absorpﬁions at 1605cm~%(m), 1535cm™*(w), and 1520cm™(w), among others;

. I I I Sn(CHs)s
the last two bands are at the frequencies expected for the é [ and | |

=C C=C »
respectively, by analogy to other compounds in this series. Addition
of ether to the residue resulted in the formation of a eolcéless pre-
cipitate (m.p. >250°). The filtrate, after long standing in the dark
at ;26°, deposited an oily, yellow solid, 0.30 g.,melting broadly around
90°, Recrysﬁallization from a pentane-methanol mixture yielded faint-
ly yellow crystals, m.p. 99° (dec.). The infrared spectrum (KBr)
had bands at 2975(w), 2920(w), 1605(m), 1525(m), 1195(w), and 785cm™*
(s), among others. Satisfactory analytical data could nof, however,

be obtained for a monoiodinolysis product of I.

Attempted Monobrominolysis of I: (II-AE-T1).

A solution of 2.0784 g. (3.33 mmole) of I in 50 ml. of ethereal-
méthanol (1:1) was cooled to ~75° with a Dry Ice-acetone bath and
treated in a dripwise manner, over 5 hr., with 0.5463 g. (3.42 mmole)
of bromine in 50 ml. of the same solvemt. At the end of the addi-
tion,the'color of the reaction mixture indicated that bromine was

st11l present; accordingly, the solution was warmed up slowly (5 hr.)
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to room temperature. Removal of the solvent and trimethyltin bromide
in vacuo léft a mixture of oil and solids. The infrered spectrum
(ICBr)‘ showed absorptions at 1605 cm™%(s), 1575 cm™(m) and 1535 cm™1;
the latter two absorptions are due to th ?r ?r and g?;§n E
: P ¢ cu & ¢=c C=0

moieties, respectively, and the strength of the 1605 cm™ absorp-
tion indicéteé that starting material (III) was still present. The
mixture cpuld not be separated by either column chromatography
(Siliéa gel-pentane), fractional crystallization or fractional sub-
limation. |

In another experiment, high speed stirring and a Morton flask
were utilized in an attempt to effect selective cleavage 'of I with
one equivalent of bromine. The reaction, carried out at}50°, involv-
ed slow addition of 0.3076.g. (1.90 mmole) of bromine in 40 mil.
of methanol to 1.1795 g. (1.90 mmole) of I 1n 70 ml.of ether. Re-
moval of solvénts and tin halide left an §iiy reaction mixture from

which no crystalline components could be obtained.

Halogen-metal Exchange Between 2,3-jibromo-1,4,5,6,7,7-hexa-

chlorobicyclo[2.2.1]hepta-2,5-diene IV and one equivalent of n- Butyl-

‘1ithium, Quenching with Trimethylchlorosilane - (IV-AE-15; III-AE-18).

A solution of 1.414 g. (2,50 mmole) of IV in 50 ml. of ethyl
ether (Mallincrodt anhydrous, freshly distilled from calcium hydride)
was cooled to -75° with a Dry Ice-acetone bath. Then 2.07 ml. of

1.20N Efbutyllithium4a in bentane‘diluted to 20 ml. with ether was
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(h}) Prepared from n-butyl chloride by halogen-metal exchange.
The normality of the solution was determined by the double
titration method using ethylene bromide: H. Gilman and F. K.
Cartledge, Je Organometal. Chem., 2, b7 (l96h)

P

added dropwise over 1 yr. The reaction mixture became light brown
and then deep green. étirring at -~75° was continued for an additional
5 hi. . The reaction was quenched with 1.90 ml. (15.0 mmole) of
trimefhylchlorosilane (Dow Corning, freshly distiiled), and affef
an additional 30 min. allowed'£o werm up to room temperature. »
The solvent and low boiling products were séparated by distil--
lation (trap-to-trap at 45°/0.45 mm.). Analysis of the distillate
by g.1.p.c. (M.I.T. isothermal at 71.5° and 1k p.s.i. of helium us-
ing an 8 ft. x 6 mm. column of 25% SE 20 on Chromoscrb P.) using
toluene as an internal standard and correcting for the molar respons-
es,indicated the presence of 2.34 mmole (93.5%) of n-butyl bromide,
identified by comparison of its retention time and infrared spectrum
with those of an authentic sample. Less than 1% of n-butyl chloride

was present.

The residue froﬁfthé distillation,which consisted of black
solidé and an oil, was sublimed (25-65°/0.03 mm.) onto & coldbfinger
inserted directly into the“reactiqn vesgel via a vacuum ad;pter,

The cold finger was carefully washed with 50 ml. of carbon tetra-
chloride and the resultant solution analyied by g.lop;c° (F and

M programmed run from 150°-222° at 10°/min,using & 6 ft. x 5 m.
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column of 7.5% SE 30 on Chromosorb P) using l-chloronaphthalene as

an internal stapdard,énd correcting for molar responses, Indicated

- the presence of 2;36 mmole (94%) of 2-(trimethylsilyl)-3<bromo-1,
4,5,6,7,7-hexachlorobicyclo[2.2.1]hepta~2,5-diene (XI) and 0.12 mmole
(4.8%) of starting dibromide (V), identified by comparison of reten-
Hon times and infrared spectra (of collected smaples) with those

of aﬁthentic naterials.

An authentic sample of XI had previcusly been obtained by a
reaction carried out in the same manner but worked up by column chro-
matography (Silica Gel G-pentane) and crystallization from ether-
methanol mixtures (yield 66%). The samplég MePo 97-8.5°, had a sing-
let in the MMR spectrum (¢014) at 0.34 p.p.m. and sbsorbed in tﬁe
ultraviolét at Ash 225mu(e 4250}, lmai 23Tms(e 4250) and’ Agp 275
my( € 310). kEhe infrarea sﬁectrum contained bands at 2985(W}, 2965(m),

2905(w), 161-0(7(3_.—_(; HE B 1540(7?:q H 8)9‘; 1415(n), ;126.5(“1)»
‘él él ¢l Si ’
1258(751 (CHy ) o ym.5 §)» 1110(s), 1068(s), 1025(m}, 975(m),

905(7g3 o, pocts B)» 890(5), 8T7(s), Bis(s), 700(s), 690(s), 667(m),
662(m), 645(m), 615(m), and 595 ca™*(m).
Anal. Caled. for CioHeBrCleSi: C, 26.92; H, 2.02; Br, 17.76.

Found (SMN, G): C, 26.78; H, 2.11; Br, 17. 95.



-5h;

-Lithio-}-bromo-l 4,5,6,7,7 -hexachlorobicyclo[2 2. l}hepta-

5-diene , Protonation -(II—AE-56)

Under conditions identical to those descirbed sbove,an ethereal
soluﬁion of 3.46 g. (7.60 mmole) of V was treated, over the course
of 1.3 hr., with 7.60 mmole of n-butyllithium (5 17m1 of 1. h7 N
anutylllthium in hexane; Foote Mineral Co. ) After completion of
gddition, the solution was stirred for h hr. at -75° and then quench-
ed by éddition‘of 15 mi. of saturated,aqueous ammonium chloride and
' allowgd to warm up to room temperature. Separation of the aqueous
and ethereal layers and washing of the aqueous layer with ether gave
a biack solution which wﬁs dried over MgSO,, concentrated, and
chromatographed on alumina (Woelm, neutral, activi%y‘I) using pentane
as solvent. :The chromatography residue was 2.534 g. (crude yield
is 90%) of light yellow oil which was homogenecus by t.l.c., and
contained small smounts of solveﬁt residues, onthe basis of infrared
and WMR spectra. Short-path distillation (Hickman apparatus) yield-
ed a colorless liquid, b.p. ~60°/0°05 mm. which discolored rapidly
on étanding in the atmosphere. The compound was identified as
Q}brcmofl,h,5,6,7,7¥hexachiordbicyclo[2.2al]hépta-2,5-diene by its
spectra -and elemental analysis. The NMR spectrum (cC1y) consisted
of a single peak at 6.80 p.p.m. The infrared spectrum.(film) had

gbsorptions at 3.25(w), 3090(w), 292Qﬁmp, W), 1605(79 ¢ 5 8),
’ o Cl Cl
1565(70 3 8), 1225(s), 1155(s), 1097(3): 10)"‘3‘(1’1): 1023(m), 1002(s),
G

‘ T
H Br
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908(s), 900(s), 892(s), 823(s), 792(s), 702(s), 669(m), 658(m), and
597 cm~3(s). | | | |

~ Amal. Calcd. for C,HERClg (377.8): C, 22.26; H, 0.27; CL,
56.32; IR, 21.15. Found (@MN, G) (408):%¢ ¢, 22.k2; H, 0.k2; C1,
56.09; ER, 20.Tk. o

(4&) By osmometry in benzene: Galbraith Laboratories.

-Lithio-a:bromo-l %,5,6,7,7-hexachlorobicyclo[2.2.1]hepta-

ALB-diene Quench with Trimethyltin Bromide - (IIeAE =553 VeAE-ZZ)

Uhder conditions identical to those described gbove a solution
of 2.278 g. (5.00 mmole) of V in 4O ml. of ether (freshly distilled
from CaHg) was cooled to =75° and then,treated in a dropwise fashion
with 3.25 ml. of 1 695 N (5 51 mmole) n-butyllithium in hexane
(Foote Mineral Co. ) diluted to 20 ml. with dry ether. The solution
was stlrred for 30 min. after the completlon of addition and quench~
ed with an ethereal solution of 1.67 g. (6.87 mmole) of trimethyl- -
tin bromide. The reaction mixture was gradually warmed to room temp-
erature, apd after a few hours of stirring, stored in thejdark at
0°. (Precautions were taken because in a previous experiment the
crystalline product was cbserved to decompose to & brown oil with
the smell of methyltin haiide on standing in the atmosphere)

After removal of the solvent on a rotar& e&aporator, the black

residue was adsorbed on a small amount of Silice Gel G and chro-
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ﬁatog;aphed on a 5% in. x 7/8 in. Silica Gel G column using pentane

as the_eluent. The residue from the chromatography (2.121 g.) was

examined in the infrared (CCl,) end found to contain some starting

material (7 - 81575 cm™t) but to consist meinly (~75%) of a
=
Br Br
new compound with 7?__0 at 1535 em~1. Crystallization of the
K Brx

chromatography re51due from pentane-methanol yielded three crops of
crystals: 0.323lg..(m.p. 84.3-6.3°), 0.480 g. (m.p. 82-5°) and 0.290 g.
(m.p;‘81-6°); thextotal was 1.093 g. (40% ‘crude yield). Recrystal-
lization of the last two crops (same éolveﬁfé yie;deé-0.650 é.,
“‘an.l83-6°. :The yieid is 0.973 g- (36.3%). One eadditional re-
crystallization gave an ahélytical gémple,.m.p. 85-86.5°.
The compound was idénﬁified as 2-(trimethyltin)-3-bromo-1,
. h'5,6,7,7-hexach16rcbicyclo[2,2.1]hepta~2,5-diene by its infrared
spectrum and elemental analysis. The infrared spéctrum (cCl4) bad
absorptions at 2980(w), 2915(w), 1605(7 = 5 m), 1555(7C__ 5 m),

Cl Cl . BT Sn
lhOO(w), 1300(w), 1211("7): 1190(7Sn CHs syﬁi 3 W), 11)"’5(1“); 1090 (m),

1060( s) ’ 1020 (m) » 900 (V) ’ 885 (m) 2 845(m), 775(7Sn-CH3 rock.? S)

(45) From spectrum of KBr pellet.

(700(1“); 685(m), 660(m), 612(“‘)) and 530 cm” (7Sn-CI-@ str.? m).
Anal. Calcd. for CmHgBrCleSn C, 22 22; H, 1.68; Hal.,

54,13, Found (sMN): C, 21.9T; H,f1.73; Hal., 5&.06.
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-Lithio-j-bromo-l L, 5,6 7,7-hexachlordbicyclo[2 2. l]hepta-

baig—diene_(z)} Chlorination - (IVqAE—jh)

Under conditions identicel to those described above, a solu-
tion of X waejprepared from h.837 g. (10.60 mmole) of 2,3~dibromo-
1,4,5,6,7,7-hexachlorobicyclo[2.2.1]hepta-2,5-diene and 8.85 ml. of
1.20 N n-butyllithium (10.60 mmole) in 200'ml. of dry ether. Then,
20 ml. (1.06 muole) vas withdrawn, with a dry, nitrogen-flushed sy-
ringe and transferred to a second flask. Gaseous chlorine (Matheson),
was then passed into the solution for 10 min.

Low boiling components were removed with a water aspirator and
the oily yellow residue sublimed (30=SO°/0.03 mn.). The eublimetion
yielded colorless crystels and an oil,‘ These were crystallized ffom
ether-methanol, thfee crops being obteined: 0.183 g. (m.p. 951h.7°),
0.105 g. (m.p5.90-2°) and 0.0AG g. (m.p. 88-93°). Examination of |
the various fractinns by g.l.p.c. (F and M isothermallat 218° and
55 ml./min of He using & 6 £t. x 5 mm. column of 7.5% SE-30 on

'Chroﬁosofb P) indicefed the presence of three components. The low-
est boiling was present'in'miooramounts and wastnot'examiﬂed further.
The highest boiling component had the same retention time (comparison
with an authentic sample) as the starting dibromide. The compound
of intermediate retention tlme was the major component its yield
was estlmated (all R.F. 8 were assumed to be 1.00, as is not unrea-
sonable'for such similar compounds) as 0.67 moole (63%). Collection

of this coﬁponent by g.1.p.c. gave colorless crysta;s, m.p. 92.5-5°.
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The compound was identified as 2-bromoheptachlorobicyclo[2 2. 1]-
hepta-2 5-diene by i'bs infrared spectrum and elemental analysis.
The infrared spectrum (CCl,) consisted of absorptions at 1605(8),
1585( c c ;5 8), 1265(w), 1175(w), 1150(s), 1130(s), 1100(s), 1055(s),
1010(8), 925(m), 910(s), 905(s), 880(m), 700(s), 685(5), 660(s),
635(s), and 550 cm~(w).

Anal. Caled. for C,BrCly: C, 20.40; Br, 19.39; Cl, 60.21.

Foud (G): C, 20.52; Br, 19.62; C1, 60.10.

-Lithio-}-bromo-l,h 5,6 7,7-hexachlorobicyclo[2 2 l]hepta-

2,5-diene (_)g)’ Reaction with Mercuric Bromide: Bis(E-bromo-l 4 5,6 -

7,7-hekéchlordbicyclo[2°2.l]hepta-E,5-dienyl)mgrcu;y (XIII) - (III-

-70, V-AE-T) .

Under conditions identical to those described a'bove, a golu-
tion of X was prepared from 1. 5987 g. (3.50 mmole) of 2, 3-dibrcmo-
1,4,5,6,7,7 -hexachlorobieyclo[a 2.1]hepta-2, S-diene (V) and 3. 57
mmole of n-butyllithium. After stirring for 6 hr. at Dry Ice-ace~
tone 'temperatures , the 1ithium resgent was quenched with 0.625 g.
(1.7% mmole) of mercuric bromide (Mallincrodt resgent) in 15 ml. <;f
tetralwdrof;zran (Fisher reagent, freshly distilled from calcium |
hydride)a. The ‘reaction mixture was warmed to 25° and stirred over-
night.

Removal of the volatiles by distillation in vacuo left a
green-black residue. This was chronia.’cogréphed on & 41% in. X 7/8 in.

silica gel column. The first few fractions contained a yelloﬁ”
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oil but all successive f:actions coritained a single mercury coppopnd
(og the basis of the t.l.é, employing iodine and‘spdium sulfide de;
velépers),tota1“1,226 é;'(72¢). Repeated recrystailizations from
ethef—pentane mixtures yielded 1.08k g. (65.2%), m.p. 185-95°(dec.).
An analytical sample had m.p. 195-8° (dec.).

_ The snalytical date for the compound was in accord with struc-
ture XIII. The ultraviolet spectrum (EtOH)Aconsisted of absofptions
at Ao, 238 mu(e 11,400), and M. 285 mu(e 9%0); thenmxima are

typical of the compounds in this series and the extinction coefficients
are roughly double those of the others as expected for the bis
structure. The infrared spectrum (CCl,4) consisted of absorptions

at 1605(“‘)’ 1550(7? 3 m), 1260(5): 1150(m), 1105(m): 1080(3))

. Br Fg
1035(w), 1005(m), 895(s), 885(w), 700(s), 665(m), and 630 cm~*(m).

 Anal. Caled. for CagBraClioHg: C, 17.62; Hal, 61.35; Br,
16,75. Found (SMN, G): C, 17.25; Br, 16.L7.

An esrlier attempt to prepare (2-bromo-l,4,5,6,T,T-hexachloro-
bicyqlo[a.2}1]hepta~2,5-dienyl) mercuric chloride by reaction of the
1ithiﬁm éompound with an equivgient amount of mercuric halide yielded
a mixture of products from which only traces of a compound, later
identified as bis(24brom0wl,h,5,6,7,7~hexachlordbicyclo[2.2.1]hepta~
2,5-dienyl) mercury by its infrared spectrmn,could be obtaeined. |
The inability to obtain the vinylmercuric halide in good yield is be-

lieved to be due to the occurrence of symmetrization reactions. The

tendency of perhalovinyl mercuric halides to undergo such réactions
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is known.4®

(46) D. Seyferth and R. Towe, Inorg. Chem., 1, 185 (1962).

2-Lithio-3-bromo-1,4,5,6,7, 7-hexachlorobicyclo[2.2.1]hepta-

2,5-diene (X), Carboxylation - (IITI-hk).

The iithium reagent (X) wés prepared as described above from
1.533 g. (2.52 mmole) of V and 2.55 mmole of n-butyllithium. After
addition of the lithium'reagent.was compléte, the reaction mixture
was stirred for three hours at -75° and then poured via giass and
short tygon connectors onto an excess of crushed Dry Ice in a 3-
necked flask equipped with megnetic stirring bar and mesintained un-
der a positive nitrogeh pressure. 'After warming up to room temp-
erature and stirring for 1 hr., the reaction mixture was hydrolyzed
with 50 ml. of distilled water.

Tﬁe ether and water layers were separated, the aqueous layer
washed twice with 200 ml.of ether and the ether solutions combined
and dried over sodium sulfate (Mallincrodt anhydrous resgent). Re-
moval of the ether left a black oil which was dissolved in carbon
tétrachloride and filter-A. On standing, 0.60 g. (42.5%). of brown
crystals,-m.p. 116° (dec.), were deposited. These'did‘not redissolve
and could not be purified.

A suspension of 0.200 g. of the black powder in ether was

treated in a dropwise manner with ethereal diazomethane until the
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ygllqw color of diazomethane persisted in the reaction mixtx';re.
Removal of the volatiles left a brown oil which was dissolved in
ether and crystallized by addition of methanol and cooling; O'.J.OS“ g.
(corresponds to a 20% yleld) of colorless crystals, m.p. 83-7", were
cbteined. An analytical sample was obtained by sublimation (45°/ \P
0.05 mm.), m.p. 85-7°.

The compound wes identifled as 2-carbomethoxy-3-bromo~1,L, 5,6 7,7-
h_exachlorobicyclo[e.2.1]hepta-2 s5-diene by spectral data and by
elemental anal&sis'. The MR spectrum (CCly) ;:onsisted of a sing-
let at 3.85 p.p.m. The infrared spectrum (CClg) had absorptions

at 3010(imp., W), 2950(w), 1735(70-03 s), 1605(m), 1590(7(: 3 m),

Br COaMe
1550(811);1440(31), 1305(8), 1270(8), 1195(V), 1150(s), 1130(s), 1100(s),

1045(v), 1010(m), 975(w), 905(m), 700(s), and 670 cm=(m).
Anal. Caled. for CgHaO-BrClg: C, 24.84; H, 0.70. Found

(sMN): ¢, 25.09; H, 1.08.

Attempted Preparation of 2,3-)ilithio-1,4,5,6,7,7-hexachloro-

bicyclo[2.2.1]hepta-2,5-diene from V - (III-AE-65).

Under conditions identical to those described above a solu-
tion of 1.1424k g. (2.50 mmole) of V in 60 ml. of ether (freshly
distilled from calcium hydride)vas trested during 1.8 hr. with
5.20 mnol‘eb of n-butyllithium (4.23 ml. of 1.23 N n-butyllithium in
hexane; Foote Mineral Co.m). The rea;:tion:mixture was stirred at

' =75° for 4 hr. after the completion of addition, and quenched with
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1.90 ml. (14.16 mmole)of trimethylchlorosilane.

The'volatiles were removed by trap-to-trap‘ distillation (25°/
0.1 mm.) end analyzed., as above, for n-butyl bromide‘ and p_-butjrl
chloride. The yield of p_-'butyl bromide was 61.3% and of n-butyl
chloride 22.8%. The distillaﬁion residue was sublimed (25-60°/
0.05 ﬁm.)ahd yielded 0.551 g. (49% crude yield) of tan crystals,
m.j). 92-7°. Exemination of the infrared spectrum (CClg) of this
material indicated that it was slightly impu.rg 2-(triméthylsilyl)-
3v-bromo-l ,4,5,6,7,T-hexachlorobicyclo[2.2.1]hepta-2,5-diene. Re-
sublimed mater’ial‘ had the éorrect‘analysi_s for this structure.

Analysis of the residue from the sublimation, & brown powder, by
' (*S1(CHa)s
. - NY O .
moiety (absorption at 0.06 p.p.m. in the MR spectrum and 1595 cm™?

MMR (CCl,) and IR (CCl;) suggest the presence of the |

in the infrared) but no pure compounds were isoleble by column chro-
matography or crystailizétion.
Anal. Calcd. for CioHgBrClgSi: C, 26.69; H, 2.02, Found

(SMN): C, 27.09; H, 2.18,

Stebility of 2-Lithio-3-bromo-1,k,5,6,7,7-hexachlorcbicyclo-

[2.2.1]hepta-2,5-diene(X) ~ (V-AE-64).

Under conditions described sbove, a solution of X was pre-
pared from 2.27 g. (5.00 mmole) of V and 5.12 mmole of n-butyllithium
in 100 ml. of ether. After the __q-butyilithium had been added, the

solution was stirred for 2 hr. and then warmed to room temperature.
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A‘;SAm;. aiiquot was then withdrawn (after 45 min. at room temper-
ature) vith a dry, nitrogen-flushed syringe and added to a solution
of 8 mnole of trimethylchlorosilane (freshl& distilled) in 10 ml.
of ether. After stirring for 1 hr., the volatiles were removed by
,t;ap;toQtraé distillétion (45°/0.6 mm.) énd_tne—reaidue sublimed
(30-7o°/o.67~mm.). Analyses of the n-butyl bromide,starting di-
bfomide (V) and the silane XIweRg made by quantitative g.l.p.c.
under conditions described above. Aliquotsvwere gimilarly with-

drewn after 25, 49, and 70 hr. at room temperature (28t'2°).

$1(CHs)s ; pr
| e 1
Sample hr. mmole butyl bromide Xt .y &
1 1 0.720 17.5 : 1
2 25 1.b1 : 1 -
3 kg .135: 1
4

T0 0.737 - 1

The ratio of XI:V is considered to be the most accurate measure of
the concentration of iI due to the small size of the samples and thev
low accuracy inherent in measurement of small amounts of a standard.
The data do give & str;ight‘line plot of log[XI];vs-time (from which-
t% = 11 hr.) mgylbe estimated), which suggesﬁs a first order de-
composition process for XI. Their accuraéy is considered sufficieht

only to indicate the considerable stability of XI, however.
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Decomposition of 2¥lithio~34bromo-l;h,5,6,7,7-hexachlordbicyclo-

[2.2;1]hepta-2,5?diene in the Presence 2{'2,5-§iphenyl-3,h-benzofu-

ran-~(III-AE-66). -

A solution of 2.248 g. (4.92 mmole)of V and 3.167 g. (11.72
mmole) of 2,5-diphenyl-5,ﬂébenzofuran (Colunbia Organic Chemicals

Co., recrystallized from ethanol, m.p. 125-9°; 11t. m.p. 131-3°47)in

(47) A. Guyot and J. Catel, Buill. Soc. Chim. France, 35, 1124 (1906).

60 ml. of n-butyl ether (freshly distilled from sodium) at -75°
was treated over‘h hr. with 5.06 mmole of n-butyllithium in 20 ml.
“of a‘i:s pentanetbuiylbether mixture. After the completion of the
addition,the solution was stirred at -75° for b hr. and, then,
gradually warmed to 65°, at whiéh temperature it was maintained for
10 hr. Finelly, 1.90 ml. (15 mole )of trimethylchlorosilane was
added. |

The volatiles were’rémoved fractionally in vacuo by trap-to-
trap aistillation.; Aﬁalysis of the fractions by g.1l.p.c. (ﬁsing
conditions described abeve)indicated that the Pirst fraction con-
tained 3.6évmmole (73.6%) of n-butyl bromide and’thgx tie second
fraction contained additional traces of this compound. 7

Thé residue from the distillatiéns was sublimed (70°/0.08 mm.)
and 0.5489 g. of solids and oils were obtained.

Examination of the crude sublimate by MMR (CClg) and IR (CCly)

indicated that it was & mixture of starting dibromo compound V,'and
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2;;promo-l ,4,5,6,7, 7-hexe¢hlorobicyclo[2 2. 1]hepte;-2 ,5-dlene (XVZD
Crystelliza_‘oion of the swlixrate f‘rom a mixture pf pentane and
methar_lol' yielded 0.5027 g. (;-20%) of still impure V.

Column ehromatography of the residue from sublimatim on
alumina (Woelm, “newtral , activity 1) using pentane (2):beq2ene (1) and
carbon tetrachloride yielded 3.141 g. of a mixture of 2 As-d'iphemrl-
3,h-benzofuran and o-dibenzoylbenzene. Examination of ‘che frac-
tions by t.l.c. failed to indicate the presence o:t‘ any other com-
po'nents."“ The, infrared spectrum also indicated the abeence of

any halogenated 'bicyclo[a.z.l] moiety.

x and Furan - (VI-AE-lh)

A solution of X was prepared at -75° in 50 ml. of ether (disbill-
led directly from IAH) from 2 370 g. (5. 20 mmole) of V and 5. lrj
mmole of n-butyllithimn. The solution was stirred for l hr. after
the eomplet:u.on of addition and s then, 10 ml. of furan (Eastman Ko-
dak reagent grade, distilled freshly from IAH, b.p. 31 3° ) was
added via a dry, nitrogen-flushed syringe. The reaction mixture was
warmed to room temperature (28 2°) and stirred for 2 days. After
50 hr., 0. h mi. (3.5 mmole) of trimethylchlorosilane was added and
the solution stirred for an additional 20 min., The vola‘biles ﬁere

A then removed by trap-to-trap distillation (29°/0.03 mm.). The dis-
tillation residue, a black oil, was dissolved in carbon tetrachlpride
and 1ts WMR 'spec'brum examined:; there was ebsorption at 0.35 p.p.m.

' (niSi‘(CI'Ia)a‘ ) and 6.75 p.p.m; (":Er ) as well as s'ome absorption
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between 1-k p.ﬁ.m.‘due to incomplete removal of the volatiles. The
region in which the vinylic hydrogens of the 2,5-dihydrofuran moiety

absorb4® contained only & trace of sbsorption. Filtration of the

(h8) 5.3 p.p.m. and 6.5 p.p.m. in a related Diels-Alder adduct of-
furan: S. F. Campbell, R. Stephens and J. C. Tatlow, Tetrahed-

ron, 21, 2997 (1965).

residue through a ‘short, silica gel column using hexane as the
eluent yielded 1.340 g. of a light yellow oil E;amination of the
MR spectrum of the oil revealed the presence of absorptions atx
6.75 p. p.m. and 0.37 p.p.m. only. Quantitative g.l. p.c. (under con-
ditions described above) indicated a 171 recovery of V and the form-
ation of 2- (trimetmjlsilyl)-j-bromo-l 4,5,6,7, 7-hexachloro’bicyclo-
(2.2. l]hepta-2 S-diene (XI) and of 2-bromo-l,4,5,6, 7, T-hexachloro-

bicyclo[2 2. l]hepta-2 5-diene(XV) in 15Zand 9% - yields, respectively.

Reaction of Octachlordbicyclo[2 2.1]hepta-2, 5—diene (IV) and

One ‘Equivalent of ndbutyllithium - (VeAE-hj)

_ Under conditions identical to those described above, & solu-
_tion of 0.915 g. (2.49 mmole) of IV in 50 ml. of ether (freshly dis-
tilled from calcium hydride) was cooled to ;%5° and treated with
2.53 ﬁmole of n4bﬁtyllithium in 15 ml. of ether (10:hexane(1). The
solution became bright green during the course of -the addition. Af-
ter stirring for an additional 3.5 hr. at -75°, the reaction was

quenched with 1 ml. of dbsolute ethanol (U, S Industrial Chemicals



Co., absolute reasgent). “

- Distillation of the mixture trap-to-trap (30°/0;3 . ) ef->

fected Temoval of the solvent and volatile products. The distil-

lation residue was then distilled directly (80°/0.07 m.) into

a trap at -75°. The distillate coﬁsisted of solides, 0.203 g., and

an oil. The SOlldS\ were washed with cold methencl and dried, m.p.

75-8°. | Examination by g.l.p.c. (F and M isothez'mal at 200° and

60 ml./min. of He using a 7 5% SE 30 on Chromosorb P colwmn that

was 6 ft. x 5 mm. ) indicated that the crystals were composed of

> 951; of starting material. The distillation residue and the rer

mainipg‘\d'istilla:te were then combined and examined by g.l.p.c. (éﬁnxe)

conditions). ‘I'he major componenet was starting material, identified
by its retention time and by the inﬁ‘ared spectrum of & collected

sample; There was also en‘é lower boiling compound (the major pro-

duct) and smaller amounts of at 1east 2 high boilers.

The low boiler was collected by g l.p.ce and identified as

1,2,3,4,5,6,7-heptachlorobicyclo[2.2.1]hepta-2,5-diene. The infra-

red spectrum (CCly) was nearly identical to that of starting materi-

8l and consisted of ebsorptions at 1605(s), 1585(m), 1280(m), 1265(s),

111&5(8), 1100(w), 1055(5), 1015(m), 920(m), 860(3), 695(8), 660(w),

end 595 cu(m).

The MMR spectrum (CCl,) had a single sbsorption at 4.85 p.p.m.

(IX) .4° The mass spectrum had a fairly week molecular ion, M'232
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(1L9) ‘Jrne TH in 7-chlorobicyclo[2 2. 1]hepta-2 s-diene occurs at
LI» 22 égg . . I Srvder and Bo FranzuS, Jt Am. C}Iemo SOC »
8, 11 (1 96k4). |

(C7C1¢35C1,37H) and, then.a very strong ion at T CleH, correspond -
)

b}
ing to loss of a chlorine and formation of the stable quadx‘icyclic

(or tropylium) ion.5° Other favorable ions are +C7CJ.5H, +05015 ,

(50) This behavior is anlagous to that of norbornadiene itself:
Z. Dolejsek, V. Hanus, and H. Prinzbach, Angew. Chem., 2k,

902 (1962)

and ‘C5CLy.

The. two high boilers were present in insufficient amounts to
jdentify and ﬁad boiling points too close together to separate
satisfécto.rilyv by g.1.p.c. A collected sample of the two had NMR and
IR spectra which indicated the presence of a butyl substituent.

The MR (CCl,) contained complex absorptidn'between 0.8-1.8 p.p.m.
and the infraved spectrum (CCls) had bands at 3030(w), 2965(9),

2940(s), 2880(m), 1610(8), and 1585 cm'l(s), among others.

Diels-Alder Reaction of 1,2,3,4dfetrachloro-5,5-dimethoxy-

cyclopentadiene and bis(trimethyltin)acetylene - (III-AE-1l; IV-

AE-65; V-AE-56).

A solution of 5.700 g. (2.16 wmole) of 1,2,3,k-tetrachloro-

5,5-dimethoxycyclopentadiéne , prepared by the method of McBee,S?*
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(51) J. S.Newcomer and E. T. McBeé, J. Am. Chem. Soc., ﬁ, 949
(1949).

~ (b.p. 5‘6‘°/o.06 mm.;"ngf.f 1.5240; 1it., b.p. 108-10°/11 mm. n§° 1.5288),
7.125 g. (20.2 melé) of bis(trimetbyitinl)acetylengfand 0.1 g. bfv
hydroq;:irioﬁé' iz; 50 ml. of xyiene, (distilled from sodium directly
into the reaction vessel) were heated at reflux for 26 hr. The
reaction flask was wrapped with alumimm foil to minimize exposure
to light. - |

Removal of the solvent and other volatiles in vacuo (70°/0.1 mm.)
left a black oil and some Séiicié- The MR spectrum (CCly) of the |
crude residue had absorptionsat 7.27 p.p.m. (Ar-H) énd in the Sn-CHg
region at 0.43 p.p.m. and 0.40 p.rp.m. with relatiw)e areas (Ar-H to
Sn-CHs) of 1:116. 'I'ﬁe absorption at 7.27 may be due to either 1-
(trimethyltin)-2 ,3,4, 5-tetrachlorocbenzene or to 1,2 ,3,h;tetrachloro-
benzene. There was also absorption at 3.36 p.p.m. corresponding to- "
the methoxyl groups of the starting diene and minor absorptions at
3.90 p.p.m.(-C02CHz?) and 3.43 p.p.m. (-OCHg of bridgehead ketal?)
with areas relative  to that of SnCHs of 0.017 and 0.027 resPectively.

The reaction residue was dissolved in penténe; the extracts
were concentrated , and diluted with methanol and ::ooled. Three crops
of crystals, total 3.50 g., were cbtained, m.p. 113-7°. Recrystale
lization from pentané-methahf;l ﬁixtures gave 3.15 g. (28%) of color-

less crystals, m.p. 118-20°.
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The properties of this compound’ were coﬁsistent with the struc-
ture 1 ,2-bis{trimethyltin)tetraeiﬂorobexiéene. . The NMR spectrum
(CCl,) contained a singlet at 0.43 p.p.m.\. (Jgn1i7.g 52 c.p.s. and
JSnlis_H 54 c.p.s".). The ultraviolet spectrum had Apgy 217 my \

(e 51,000) and Ayax 294 mp,(e 400). The infrared spectrum (CCl,
and CSs) had bands at 2980(m), 2915(m) , 1550(m), 1390(w), 1325(m) ’
1265(s), 1200(w), 1190(7Sn_cn3 sym.5 B)> 1135(s), 1095(w),
1155(7gn-ary1s ™) 1015(w), 835(m), 810(s), 775(79,,1.4;11:3 rocks 8)s
715(m), 650("): 580(W): and 515 em”™ (7Sn-CH3 gtr.? 8).

Anal Ccaled: for clenlsczt.,s:xa. c, 26.62; H, 3. 35, c1, 26. 19.
Found (SMN): C, 26.51, 26.94; H, 3.39, 3.39; Cl, 25.89.

The discolored mother liquors frbm the crystallization were
adsorbed on 5 g. of alumina (Woelm, neutral , actively 1) and ch;o-
matogrephed on 16 in. x 778 in. colwm using penténe as the eluent.
Removal of the solvent gave 0.95 g. of aromatic, white needles which
were found by NR (CCly) and IR (CCly) spectroscopy to be an ap-

roxima‘c.ely 10:1 mixture of 1,2,3 ,h-te’crachlorobenzene and 1- (trimethyl-
tin) -2,3,k4, S-tetrachlorobenzeneqby comparison with spectra o:t‘ authen-
tic sample. Recrystallizatlon i’ro:n ether-methanol-water gave 0.60 g.

of colorless Cryé'tals, m.p. #i-6° ,;(lit'. m.p. 47.5° for 1,2,3,k4-

te'l;rachlorobenzene):.fs2

1

( 52) Handbook of Chemistry and Physics, The Chemical Rubber Publish-
ing Compeny, Cleveland, 1961.
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In another experiment,a solution of 7.8 g. (22.2 mole) of
bis(triﬁethvltin)acet&lene and 5.50 g.‘(20.8 mmole) of 1,2,§,h;te£ra-
chlofo-s,5-dimethaxycyclopentadiene in 120 ml. of n-butyl ether was
refluxed for 36 hr. A 30 ml. aliquot was withdrawn after 12 hr
but attempt; to analyze it were not satisfactory. Rémoval of the
solvent from the remainder of the reaction mixture led to formation
of crystals. Thorough ﬁashing with cold methanol gaye'é.§3 g. (38.4%)
of slightly tan crystals, m.p. 117-120°. Refrigeration of the mother
" liquors at ~20° yielded two additional crops of crystals: 0.623 g.
(m.p. 60-80°) and 0.285 g. (m.p. 55-62°). |
Sublimation of the laét,two crbps(hoP/O.OSImm.) yielded colorless

crystals, m.p. 64-~8°, Recr&sfallizétion of the sublimate from an
ether-methanol-water mixture gave fluffy needles, m.p. 65.5-68.3°.
~ The spectfa and eiemental analysis indicate a structure, 1-(trimethyl-
"tin)-2,3,l4,5-tetrachlorobenzene (XXI) for the compound. The NMR
spectrum héd ebsorptions at T.27 p.p.m. (Aragj and 0.40 p.p.m.
(Sn-ggg) with relative areas of 1:9.' The triméthyltin afsorption had
satellites, Jgn137.y 52 CoPeS. and Jg 119 _y 5& C.PeBo ‘The ultra-
violét spectrum (EtOH) hed Lmax'210 mu( e 86,500), Agn 237 mu(e 11,200),
Ash 274 mu(e 231), Aoy 283 mu(e 317), and My 292 mu(e 264)‘.53

(53) The model system, 1,2,3,k-tetrachlorobenzene,has a similar
pattern for the long wavelength asbsorption: "\ 294 mu(e 260),
» 280 my(e 330), and A 291 mu(e€ 290): W. R. Jondorf, D. V. Park

and R. T. Williams, J. Blochem., 69, 181 (1958).
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The infrareq spectrum (CCl,) had absorptions at 3075(w), 2§80(m),
2920(m), 1550(m), 1520(m), 1395(s), 1320(s), 1290(w), 1260(s), -
1235(m), 1205(%), 1190(7an-chg sym. 5)» 1165(w), 11h5(m), 1095(w),
1070(7gy _gry13 8)» 1010(w), 880(m), Bh5(s), 630(m), and 530 cu~>
(Ysn-CHg str.> ©)- |

Anal. Calcd. for CgHipCleSn (M. W. 378.7): C, 28.55; H, 2.66;

Cl, 37.42. Found (SMN) (M. w."hoo):sé"c, 28.73; H, 2.79; 01; 37.67.

(54) Determined osmometrically in benzene by the Galbraith Laboratories.

A solution of 0.450 g (1.2 mmole) of XXI and 1.5 mmole of HCI,

in 10 ml. of an ether-methanol mixture, were stirred for 48 hr.
Rembval of the trimethyltin chloride by converéion to the fluoride
(addition of potassium fluoride), concentration and addition of water
led to formatioh of fibrous crystals, 0.160 g. (0O.74 mmole), m.p. Ll~-
2°, Two recfystallizations_from methapol-water.yieldea material,
m.p. 46.5-48° (1it. m.p. of 1,2,3,h-teﬂrachlo¥dbeﬁzene is 47.5°).
The infrared spectrum (CCly) was identical bo that of 1,2,3,k-tetra-
chlordbenzené‘except for weak absorptions at 2950 cm-1 and 1260
cm~t. The MR spectrum (CCl,) was a singlet at 7.31 p.p.m.

Anal. Calcd. for CeHaCle: C, 33.37; H, 0.9k C1, 65.69.

Found (G): C, 33.41; H, 0.T1; C1, 65.67.

In order to estsblish the occurrence of C-Sn cleavage during

column chromatography a sample of pure 1 24bis(trimethyltirﬁtetra-

chlorobenzene was dissolved in ether and adsorbed on some of the same
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alumina used in the chromatography described above. 'Aftgfistand-
ing for 10 hr., the alumina was extracted with ether, the ether
removed and the residue's MR spectrum examined (CClg). The ratio

of Ar-H(T7.3 p.p.m.) to Sn—-gﬂa*‘(o;h.p;p":mi‘) vas 3:2 indicating >90%

destannatién héd occurred.



CHAPTER II
DIELS-ALDER REACTIONS OF a~PYRONES
WITH BIS(TRIMETHYLTIN)ACETYLENE AND THE

CHEMISTRY OF THE ADDUCTS



The Diels-Alder reactions of cyclone, hexachlorocyclopentadiene and

1,2,3,h-tetrachloroe-5,5- dimetho:qcyclopentadiene with bis(trimethyltln )-
acetylene, which have been described above, all yield highly substituted
adducts. The substitution pattern of the dienes cannot, moreover, be
readily varied because less highly stabilized cyclopentadienones and their

ketals are unstable to dimerization and exceedingly diffiecult to work with.*

(1) (a) C. F. H. Allen, J. Van Allen, J. Am. Chem. Soc., 72, 5165 (1958);
(! C. H. DePuy, M. Isaks and R. L. Eilers, J. Org. Chem., 29, 3503
(1964); (¢} P. E. Eaton and R. A. Hudson, J. Am. Chem. Soc., 87, 2769

(1965).

Since an emination of the properties of p-dimetallic systems shcmld be
more facile in less highly substituted systems, we again turned our attent:.on
to finding a simple diene that would react with bis(trimethyltin )acetylene.
Particular attention was paid to diene systems that might yield aromatic
compounds directly, as do eyclone and 1,2,3,k-tetrachloro-5 , 5~-dimethoxy-
cyclopentadiene, in view of our especial interest iﬁ the o-bis (trimethyltin)-
benzene séries.

Hill and Carlson have reported that reaction of L,h-diacetoxybutadiene
and conjugated olefins a.nd‘ l-acetoxybutadiene and conjugated acetylenes

affords a direct route to benzene derivatives.? Their system has several

(2) R. K. Hill and R. M. Carlson, Tetrahedron Letters, 1157 (1964).

disadvantages, however, in particular,the difficulty of preparing 1,k-
diadetoxybutadiene , the rather low reactivity of both dienes and the

fact that the system cannot be used with acid sensitive groups.
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OAc X OAc
P e [:;;:[::X X
¥ “ 5 Ce— @ + 2HOAc
Ny Y Y
X ¢
OAc

A recent artiéle in the Russian literature describes a direct benzene
synthesis which may have genefé; applicdhility but reQuires pressure

apparatus and rather severe conditions,® too severe for our purposes.

(3) D. T. Tsfbikova,«v; R. Skvarchenko, R. Y. Levina, Tr. Vost-Sibrosk,

Tekhnol. Inst., 1, 67-T3 (1962): A, 62, 3957 (1965). ’

: ? s
- ‘ l/é’o"é 16-18 hr. 02
+ | 200-300° " ¢
RS ¢ Is ,
CHg (H)
CHaz (H)

The orpyrones, howevef, appeared to offer interesting_ﬁossibilities.
Their excellent properties as Diels-Alder dienes with classical dienophiles

were noted in the earliest studies of the reaction* and the fact that the

(4) ©. Diels and K. Alder, Ann. Chem., 490, 257 (1951).

gsystems contain both an electron-donating and an electron-withdrawing
substituent suggests that they might be usefully reactive with the whole

- range of dienophiles: from electron-defiéien@ to electron-rich. It is,
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moreover, apparent from the work of Alder and Rickert and others that the
Diels-Alder a.dducts of a—pyrones with a.cetylenes decarboxylate under
mnild conditions to yield a.rometic componnds.? »®

{5 K. Alder and H. F. Rickert, éhem‘. Ber., 70, 1354 (1937T).

(6] G. Wwittig end R. W. Hoffman, A.ngew Chem., T3, 435 (1961).

‘ 0
D / | |
c X c_. 91 - have considerable
/ Y thermal stability
+ ‘ — '
N Y B™ , X
B 0 -
//O
X ¢ .
I Y
v, —
| Y/,
d X

Furthermore, the parent gompaund, a-pyrone itself, is available in two
steps from malic acid (although one involves a hot tube reaction) and

many of its derivatives are well known and readily prepa,rable!." In view

(7) J. Fried, Heterocyclic Chemistry, Vol. I (ed., R. C. Elderfield),
J. Wiley and Sons, 1950, p. 354-70, and more recent references too
numerous to record here. :

of these properties it is surprising that the llters.ture indica.tes little
recognition of the synthetic possibilities of these systems outside of

Zimerma.n's synthesis of barralene ,3 8 few papers in the ‘Russian literature9
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and a paper by Maerkel,l®

(8) H. Zimmerman and R. M. Paufler, J. Am. Chem. Soc., 82, 151k (1960).

(9) (a} N. P. Shusherina, R. Ya. Levina, T. S. Trubnikov, Zhnrnal Obachei.
Khinm,, 29 29k (1959); GA,, 51") 520 (1960) (b) N. P. Shusherina, R. Ya.
Levina, Z. S. Sidenko and M. Ya. Lur'e, ibid., 29, 403 (1959); CA., 5k,
1510 (1960). (¢ N. P. Levina, R. Ya. Levina and V. M. Shostakovski‘f
ibid., 29, 3237 (1959); GA., Sk, 1212Ta (1950)

(10} G. Maerkel; Chem. Ber., 96, 14kl (1963).

Reaction of one equiva.lent of o-pyrone and of bis (trime’chyltin Jacetylene
in refluxing bromobenzene resulted in formation of o-bis (trimethyltin)benzene

(I) in approximately 50‘;(1 yield. The yield ’is considered quite satiafactory

vlsn(CHa)a
Sn(CH
N ? 27 hr. Q.
$a(CHs )a L om(de)s

in view of the steric hindrance of the dieneophile and the low yields
in which the group IV analogs of I, o-di-t-butylbenzenell and o-bis-

(trimethylsilyl Jbenzene,12 have been synthesized by other routes.

(111 A. W. Burgstshler, and M. O. Abdul-Rahman, J. Am. Chem. Soc.,’ 85,

175 (1963). (b) L. R. C. Barclay, C. E. Milligan and N. D. Hall,
Can. J. Chem., ko, 1664 (1962)

(12) H. A. Clark, A. F. Gordon, G. W. Young and M. J. Hunter, J. Am.

Chem. Soc., T3, 3798 (1951) and H. A. Cook, Brit. Pat. 671,551 (1952),
CA; 47, 4909~ 1953)

g-Bis(triﬁethyltin)benzene (I) was identified by its elemental analysis,

spectral properties and by brominolysis to o-dibromobenzene which was



identical to an authentic sample. The NMR spectrum (CCL.,) of I consists

of a complex multiplet at 6.91-7.53 p.p.m.; which is a.ppi'oximately an ApBp
pattern, and a singlet at 0.31 P.p.m. (JSnn" -H 51 c.p.s. and Jgnil® _ g
53 c.p.s.), with relative areas of 1:4.5. The ultraviolet spectrum of I
(EtOH) (se-e Table I) has no vibrational structure in its longest wawelength
absorpti“on, a feature that appears to be cha.fa.cteristic of distorted benzene

rings.'® Distortion of the benzene ring of I might be expected as a means

(13) R. T. Ingraham, "Steric Effects in Organic Chemistry" (ed., M. S.
Newman ),J. Wiley and Sons, New York, 1956, p. 500.

of relieving the severe interactions of the methyl groups on adjacent
tin atoms. Modelsl4 suggest that the interaction of the methyl groups

in I is as severe as it is in o-di-t-butylbenzene, for which a strain

(14} Framework Molepular Models, Prentice-Hall Inc., Englewood, N.J.

Table T
Compound Absorption in U.V.

Sn(CHa )a Mgy 217 mu (£ 16,700) (EtOH)

@ Mg 240 mu (€ 2,700) |
Sn(CHa )s Men 265 mu (¢ 430); no fine structure

¢ H—snaus)s Ny 247 ma (€ 140)3, 255 mu (¢ 210) (v0H)

Moy 285 M (€ 255); Ny, 264 mu (£ 210)

C(CHa)a Py max 261 my (¢ 189); no fine structure

(solvent not given)

X

C(CH .
( 3 )3 continued-=-



@—c(cﬂs); o M 207 e (£ 8000)
- -+ max 253 mu (¢ 260); >
%M2Wmu“2w)(<:>)-,
Mgn 264 mu (£ 160); Ay, 267 mu (£ 120)

(a) E. M. Arnett and M. E. Strem, Chem. and Ind., 2008 (1961).
(v) Y. Thays, Bull. Chem. Soc. Japan, 28, 369 (1955).

energy of at least 17 kecal,can be estimated.rS The reason for

(15) see C. Hoogzand and W. Hibel, Tetrahedron Letters, 637 (1961).

this is that the long Sn-CHz bonds, 2.171,16 compensate for the lorig
Ar-Sn bonds, (estimate 2.073) and bring the methyl groups quite close

together. One other aspect of the absorption spectrum of I is noteworthy;

(16) Table of Interatomic Distances, The Chemical Society, London, 1958.

it is the occurrence of a band, L, 240 my (4 2700), which has no counterpart
in the spectra of either phenyltrimethyltin or o-di-t-butylbenzene. The

absorption is clearly of too low an intensity to be a benzene primary band

and no satisfactory explanation can be offerefi.
The scope and limitations of the reacti;on of Y-pyrones with organotin

acetylides were exaanined,’to some extent.

] Sn (CHS )3 HaCOac Sn(CH3 )3
HaC02C A\, |
1 50-65%
~ + |c —
A | Sn(CHs )a

Sn(CHs )a 1T



Sn(cﬁa)s
CH ' CH Sﬂ(CHa)a
‘3 / 0 C . I
Xy | Sn(CHz )a
Sn(CH3)3 NSO%
CHa
0 D —¥—+ N.R.
N \\0
HaC
fﬂ (CHa)s Sn(Ca )s
~~ "0 ICI I
+ | —_—
PN X v
0
2%

The failure of k,6-dimethyl-c-pyrone to react must be due to steric
effects since models* indicate severe imteractions between the 6-methyl
group and trimethyltin group long before the two molecules are within
bonding distance. This system serves to define a 1i.mita.tion on the reaction
of o-pyrones with bis(trimethyltin)acetylene, although §~substituents do
not create such jprobléms ﬁth less hindered dienophiles.® The fact thet
o-pyrones ;'eact as readily as they do with these extremely hindered dieno-
philes is a powerful recomnenda.tion for their utility as a general tool
f;>r fhe synthesis of specifica.lly, substituted benzene derivatives.

Methyl 3,4-bis(trimethyltin)benzoate (II), 3,4-bis(trimethyltin)toluene (III)
and 2-biphenirlyltrimethyltin (IV) are all new compounds and were chgracterized

by their elemental analyses and spectra; IV 'was also converted to the known
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2-iodobiphenyi by treatment with iodine. Several feétures of the spectra
of these sysfemé‘&re noteworthy. TIII, similarly to I and to 1,24bisf
(trimethyltin)tetrachlorobenzene (see Chapter 1, expefimental section), has
no fine structure in its longest wavelength &bsorption in the ultraviolet
region, (In II;interactlon of the ester and benzene chromophores cumplicates g
observation of this phenomenon.) In the NMR spectrum of IV, the (cﬂa)SSn
gromp appears at 0.0% p.p.m. above TMS due to shielding by the ring currenéz
of the skewed, ortho-phenyl group; this‘is typical of other cugpounds in
this study which have a phenyl group B- to a trimethyltin.

The availability of the variously substituted a-pyrones made possible
the evaluation of electronic effects on the Diels-Alder reactions of
bis(trimethyltin)acetylene. If it beﬁaves as a classical dienophile
(see Chapter 1, discussion),‘a methyl substitwent should erhance and a
carbamethoxy lower the reactivity of an oppyrone towards it. If, as has
been suggested earlier, DleLSquder reactions of this acetylide are exnmples

of the reaction with “inverse electron demand":? then the substituents.

(17) J. Sauer and H. Wiest, Angew. Chem., Tk, 353 (1962).

Shbuld have the qpposite effec.t° The term "inverse electron demand" was
"cginéd by Sauer to reflect his observation that hexachlorocyclopentadiene,
an electron-deficient diene; reacted more readily with\electron-rich and

simple olefins than with classical, electron-deficient sysiems such as
maleic'anhydride.' This phenomenon had previously been observéd,‘althgugh

differently interpreted, in the reaction of acrolein with varioﬁs dienqphilesﬁ?

(8) c. w. Sm:.th, D. G. Norton and §. A. Ballard, J. Am. Chem. Soc., _'Q_,
5267 (1951).
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and additional examples have been found recently in the reactions of 1,2,k4,5-

tetrazines'®,2° and tetrachlorc-o-quinone.®! Although the mechanistic

(19) J. Sauer and D. Lang, Angew. Chem., 76, 603 (196h4).
(20) J. Sauer, A. Mielert, D. Lang and D. Peters, Chem. Ber., 98, 1435 (1965).

(21} M. G. Ettlinger and C. S. Lewis, Texas J. Sci., 1k, 58 (1962).

impiications of these observations are not entirely clear, it seems that

they lend support to the _“one step mechanism" for the Diels-Alder Reaction,22

(22) TFor a recent review of the subject see A. Wasserman, "Diels-Alder
Reactions," Elsevier, Amsterdam, 1965.

at least for these and closely related systems. In this mechanism, the
transition state is represented as a "complex" of diene and dienophile,

set one above the other with endwise' overlap of the qr orbitals. The
extent of bond formation in the transition state depends on the specific
characterigtics of the regctants,and any factor which 'en.ha.nces the movement
of electrons between diene and dienophile stabilizes the tra.nsitivon state.
If this ié an accurate picture of events in the Dieis»Alder reaction, it

is reasonable that factors encouraging the movement of electrons between

‘the reactants in either direction should similarly lower the energy of

the transition states, and this is exactly vhat the observation of an
"inverse eiectron demand”*7-21 gseems to suggest.

There is a problem inherent in the use of substituted a-pyrones to
examine electronic effects on Diels-Alder reactions. Fried has noted |

that phenyl and ‘carbmnethoxy substituents stabilize the o-pyrone xiucleus'f’
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and ‘our experience suggests that even methyl groups have this effect., It
is ,thérefore,posgj.ble that small ‘electronic effects of substituents might
be swamped out by their stabilization of the a-pyrone nucleus.
Competition reactions were run between g-pyrone and 5 fcax',bomethoxy-
o-pyrone (methyl coumalate) @d a-pyrone and 5 -methyl;aopyrone. The
regctions were carried out in refluxixig bromobenzené and were analyzed by

both MR spectroscopy and quantitative g.l.p.c.

Table 2
Reactants M Relative Reacﬁ%rity
a-pyrone (1.00) I 0% 1
5-carbomethoxy-o-pyrone (0.80) IT 6h.5% 80>

bis(trimethyltin)acetylene (0.86)

a=pyrone (1.00) I 26% 1
5-methyl-q-pyrone (0.94) IIT 35% 1.23
bis( trimethylﬁin Jacetylene (0.97)

Although it would be extremely desirable to extend the series , the
greatly increased reactivity of the e‘leétron«deficient S«carbomethoxy-
anpy;'oné can only be due to an electronic effect [a-pyrone and bis(tri-
metiwltin)acetylene give 50% yields of I under these conditions] and
strongly sugges‘bétha.t this is a case of a Diels-Alder reaction with
"inverse electron demand."” The slight rate enhancement obtained with
the electrbne;donating 5-methyl substituent does not contradict ‘this ) since
the electronic effect of a methyl group is apparently small in these casesl®
and may easily be compensated for by its stabilization of the g-pyrone
nucleus. The qualitative observation that (phenylethyhyl Jtrimethyltin

reacts less readily with a-pyrone than does bis(trimethyltin)acetylene,
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despite a decreaée in fhe steric ﬁindrance ,‘ is in accordance with
the ‘results of the competition if the (CHa )aSn gfdup is assumed to be
significantly electron-donating inductively (see discussion in Chapter
1). |
The results of the competitit:;ns correlate closely with Sauer and

Lang's study of the Diels-Alder reaction of 1,2,k4,5-tetrazines with
styrene!® where it was found that the tetrazine's reactivity increased as
the 3,6-substituents were varied as follows: COgCHa>> _p_-'»NOa-@- > @

~ CHa. The dienophiles used in both these studies are similar in that
they are electron-rich relative to a classical system such a,é maleic
anhydride. These data suggest the empirical rule that simple and electron-
rich olefins will undergo the Diels-Alder reaction most readily with
electron~deficient dienes. This may have important synthetic implications
in the use of such hitherte little employed dienpphiles in the diene
synthesis. When one considers both these data and the results obtained
with q-pyrones and classical dienophiles,5,1° it seems that if one studied
the D‘iels—Aldér rea.étions of this diene with the entire specirum of
olefins (electron-rich to electron-deficient), or of certgin olefinswith
a spectrum of substituted dienes, one might observe high reactivity at
both ends of ihe scale ﬁhere the diene and dienophile form a good electron
donor-acceptor pair and lower reactivity in the center of the scale where
they do not. This would constitute a very nice confimation of the “one
step mechanism” for the Diels-Alder reaction.

Returning now to the gpecific system composed of o-pyrones and

organotin acetylides, it is apparent that the reaction is a useful route

to unusual aromatic tin compounds. The availability of a broad spectrum
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; of functionally substituted organotin acetylides of the type RaSnC= C-X
(where X may be aryl, alkyl, -CHz0R, CN, to name only a few) fram the |
work of Shostakovski and of Neuman® and the possibility of using Lappert's
tin a.mide system® to stennate any terminal acetylene makes this route

quite & practical ‘one. The fact that the trialkyltin group in the Diels-Alder

.

(23) édg» W. P. Neuman and F. G. Kleiner, Tetrahedron Letters, 3779 (196h4)]
b) M. F. Shostakovski, V. M. Vlasov and R. G. Mirskov, Dokl.. Akad.

Nauk. S.S.S.R., 159, 869 (1964); cA, 62, T788 (1965).
(24 K. Jones and M F. Lappert, J. Chem. Soc., 194k, 2157 (1964).

adducts can be replaced under mild conditions by any of a la.rgé number of

groups@S increases the synthetié possibilities of the system still further.

(25) For example, H, Cl, Br, I, HgCl, Ag, SO, PClg’ etc.: R. K. Inghanm,
S. D. Rosenberg and H. Gilman, Chem. Revs., 60, 479 (1960).

Scme of the Chemistry of the adducts I-IV has t;een examined both
in order to prepare the gah,alo(trimethyltin );benzenes’which were of interest
to us.)a.nd to determine their synthetic possibilities. Treatment of o-bis-
‘v(trifmethyltin Jbenzene with one equivalent of iodine at room temperature
resulted in rapid formation of gaiodo(trimethyltin)‘benzene (V)in virtually
quantitative yield. Monoiodinolysis of methyl 3,4-bis(trimethyltin)oenzoate
occurs analogously but yields a mixture of positional isomers. The reaction
of one equivalent of bromine with I was not selective at room temperature,
forming both mono- and dibromo compounds, but at -T5% o=bromo (trimethyltin)-
benzene was the only product (85%). The selectivity of these reactions

mast be due to a cambination of steric effects which increase the reabtivity of
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Sn(CHg )a 25° I
+ Iy —> v
CHClg
Sn(CH
(ctia)a Sn(CHg )a
Br
{1l =75°
+ Brp — VI
Et20-MeOH sn(CHg )s
CO2CHz sn(CHa )a Sn(CHs)s CO2CHg
~ / 250
~ l + I
CHCJ.
Sn(CHs )s 3

VII 2:3 VIII

e o-ditin t:ompounds and electronic effects which reduce the reactivity
of g—-halo(orga.notiﬁ) compounds to electrophiles; the sensitivity of
halodestannation to both factors has been demonstrated by Naslelski and

coworkers .28

(26) 0. Buchman, M. Grosjean and J. Nas:.elskl, Helv. Chem. Acta, A7,
1679 (1961!-)

The compounds V=VIII, all of which have not been reported ‘previcmsly
in the literature, were identified by their elemental analyses and
spectral properties. It is interesting that both V and VI show fine
structure in their longest wavelength absorption in the ultraviolet,
suggesting that the benzene ring is no longer distorted from pla.né.rity
by steric repulsions as it apparently is in I.}3»14 All four compounds

are stable, pleasantly aromatic oils. A report on the preparation of

(Cfia )s
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of gachloro(triwg_-butyltin Jbenzene,by a rather questionable routeain

’
which it is described as an unstable, evil smelling liquid is, i;hus,

extremely curious.2?

(27) T. Chao-lun, T. Shi-hua, C. Kuo-ming, Scientifica Sinica (Notes ),
XIII, 1170 (196L).

Treatment of I with two equivalents of bromine in chloroform gave
o=-dibromobenzene in high yield, indicating that C-Sn cleavage in the
_o_mhalo(trimethyltin)’bemzenes preseﬁts no problems. Clearly, by taking
advantage of the possibility for selective monocleavage and by varying
the electrophilic reagent used®S a wide variety of o-disubstituted aromatic
systems can be prepared from I and its analogs.

We were particularly intrigued by the possibility of preparing o-

dilithiobenzene from I by metal-metal exchange reactions.28 o-Dilithio-

(28) D. Seyferth, M. A. Weiner, L. G. Vaughan, G. Raab, D. E. Welch,
H. M. Cohen and D. Alleston, Bull. Soc. Chim, Fr., 1364 (1963)."

benzene is of interest from both synthetic and theoretical points of view,

and,although it has been prepared by Wittig by a very elegant procedure ,29

it is not readily available.3°

(29) @. Wittig and F. Bickelhaupt, Chem. Ber., 91, 883 (1958).

(30) It cannot be prepared directly from o-dihalobenzene although low
‘ yields of the diGrignard can be tha“i’ned in this way: H. Heaney,
F. G. Mann and I. T. Millar, J. Chem. Soc., 3930 (1957).
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Preliminary investigations of the reaction of érganolithium
reagents with I were encouraging, but, von closer scrufiny, the system
appears to be quite complex. When two equivalents of g—ahutyllithimn in
ether were utilized and the reaction mixture quenched with deuterium Qxide R
a low yield of benzene (8% ),)at least partially o-dideuterated, was obtained.
The presence of d.i»-g_-butyldjmethyltin in the reaction mixture and of 1,1-
diphenylethylene when benzophenone quenching was utilized indicate the
following reaction sequence. Apparently reaction of a second equiyé.lent

of n-butyllithium with the cha.fged, { solvated o-lithio (trimethyltin Jbenzene

7 Sn(CHg)s 300 Sn(CHs )s ‘
Il +Buli ———> IE '+ p-BuSn(CHs)s
AN } Sn(C’H:.; )3 Et20 Li
n-BuLi n-BuLi
Li

n-BuzSn(CHga )2

Li + CHaLi

+ E'-B“SII(CHS )3

is not favorable and the n-butyltrimethyltin is attacked instead.
Investigation of this metal-metal exchange reaction in other solvents
and with other reagents, in pa.rticu.la.r,) methyllithium, is being contipued
by other workers in this laboratory. The possibility that o-lithio(tri-
methyltin )benzehe might have limited stability at ambient temperatures

has been raised. A synthetically useful system has not yet been obtained.
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Experimental
Comments on experimental and analytical techpiques made in the
first chapter are also true for this seetion. In particular, it is
reiterated that all reactions were carried ocut in dry, nitrogen-flushed

flasks under a positive pressure of prepurified nitrogen.

£330 %0 00 €0 00 £ €3 W CF £ C3 N 63 TN AT 10 0D A0 CH G0 00 G £H80 £16Y 00 O €3 69 €3 G0 €0 0 O 7 63 5 G0 €D OO0 00 SN e (X <3 G AT o 5 K2 05 1203 40 O 008 6 O €3 T #0 5 R G0 N G 0 O i

Preparation of waronéSl - (V-AE3T,40).

(31} The preparation is based on one alluded to in ref. 8.

Into & 50 ml. round bottomed flask was placed 1k.47 g, (12.50 mmole)

of coumalic acid (m.p. 209-1%°; lit., m.p. 206-9° (dec.))32 prepared

(32) R. H. Wwiley and N. R. Smith, Org. Syn., Coll. Vol, IV, J. Wiley and
Sons, New York, 1963, p. 549,

according to the method of Wiley and Smithsoa The flask was connected by

a Pyrex adapter (24/40 joints) wrapped with resistance wire to a vycor
tube (20 mm. o.d. x 1 ft. in length) packed with copper gauze which was,
in turn, connected to a trap and to a vacuum line. The vycor tube wasv
enclosed in another vycor tube which was carefully wrapped with r.esis?tance
wire and insulated from the atmosphere. The entire system was heated and
evacuated (90°/0.02 mm.) prior to reaction. Then, the temperature in the
vycor tube was raised to 625° % 25° (measured by iron-constantan thermo-
couple ) and the temperature of the pot and inlet system gradually brought
up to 170°. The trap was cooled to -75° with a Dry Ice-acetone bath é.nd

kept open to the vacuum pump throughout. (The pressure rose to 0.3 mm.
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during tbe course of the reaction.) After 5‘hr.,ohly a black residue
remained in the pot and the trap contained 8.97 g. of golden liguid.

Short path distillation yielded 8.20 g. (68.5%) of colorless, sweet-
smelling oil, b.p. 95°/0.16 mm.; n®%) 1.5251, 4@ 1,262 (1it, b.p. 103-5°/
21 mm; né-‘&n 1.5277)33 |

(33) H. Von Pechman, Amn, Chem., 264, 272 (1891).

The liguid was characterized as q-pyrone by its spectral properties and
elemental analysis. These are recorded below as they are not reported in
previoﬁs preparations of the compound. The NMR spectrum ((CHa)2CO) was
the complicated pattern expected for an ABXY system with bands at 6.2-5 p.p.m.
(2 : Hy and Hy) and 7.35-7.85 p.p.m. (24 : Hp, He). The infrared spectrum
had bands at 3150 cm~}, 3100 (w), 3025 (2), 1795 (sh), 1745 (){

1725 (¥pgs 8)s 1650 (N 5m), 1635(m), 1550(3), 1bbs5(m), 1380(w), 12145(%), 5
1175(w), 1120(s), 1085(a), 2065(s), IT5(w), Shs(m), Bhs(m), TBO(%), T20(8)
and 605 cm™* (m). The doublet for the carbomyl (Fermi resonance) and the,

=C stretch at 1650 cm™* are highly characteristic of o-pyrones.34

(Bh) K. N. Nakanishi, "Practical Infrared Spectrogcopy,” Holden Day,
San Francisco, l96l, P. 42,

calgdo fOr CGH4,023 62050; H, )"'019-

Found (SMN): 62.31; H, hk.h48.
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5-Carbomethoxy-a-pyrone (Methyl Coumalate) - (V-AE-Th).

This o-pyrone was prepared by the method of Boyer and Schoen3S

(350 J. H. Boyer and W, Schoen, Org.. Syn., Coll. Vol. IV, J. Wiley and
Sons, New York, 1963, p. 532. _

from coumalic acid.®2 The crude yield was 30%. Several recrysta.llizations
from ethyl acetate gave aromatic, colorless crystals, m.p. 69.5-7T1.5 (1lit.
m.p. 68-70°)3%

b 6-Dimethyl-q-pyrone (3,5-Dimethylcoumalin).

A sample of this compound was obtained from Dr. A. Musco of M.I.T.

Several reérys’callizations from hexane-acetone yielded colorless crystals,

m.p. 47.7-50.3° (lit. m.p. 50-1°).26

(36) N. R. Smith and R, H. Wiley, ibid., p. 337.

5-Metbyl-o-pyrone - (VI-AE21,24).

5.Methyl-q-pyrohe was prepared by the method of Fried and Elderfield37

sta.rtiﬁg from ethyl pent-2-enocate prepared according to von Auwers,38

(37) 3. Fried and R. C. Elderfield, J. Org. Chem., 6, 566 (1941).

(38) K. von Auwers, Ann. Chem., 422, 150 (1921).

In our hands, the preparation of the S-methyl-o-pyrone was, a&s reported,
very straightforward with the expection of the conversion of L-methyl-2-
hexene-5-one-1,6 dioic acid to Smmet;hyl»&carbm-awwrone. This reaction

generates considerable pressure ,a.nd one bomb tube exploded and a second
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opened somewhat spectacularly; the reference mentions only that the
bomb tube opened without pressure. The last step was done on a rather
small scale and the product, a pleasant smelling oil, b.p. 97°/8.5 mm.,
w#Se4 1.5227 (lit. n®3) 1.5210)7 was faintly yellow; purity was estimated

by g.1.p.c. a8 at least 96%.

Diels-Alder Reaction of o-Pyrone and Bis(trimethyltin)acetylene;

o-bis(trimethyltin )oenzene (I) - (IV-AE-k1).

A solution of 4.03 g (k2.0 mmole) of a-pyrone, 14.05 g (40.0 mmole)
of bis(trimethyltin)acetylene and 0.3 g of hydroguinope) in 250 ml. of
bromobenzene (Fisher Reagent, freshly distilled from Pp0g) were heated at
reflux for 31 hr. The solution turned yellow and then red, apparently
due to some decomposition of the q-pyrone.

Removal of the solvent by direct distillation at 30°/0.1 mm. left
an oily’red residue. The residue was extracted with 100 ml. of ether,
filtered and the ether removed. Distillation with a short path apparatus
gave T.84 g. of fainmy yellow oil, b.p. 92-4/14.5 mm., n25D 1.5623. A
forerun of 2.29 g. was filtered through a short alumina coluinn '(9 in. of
Woelm, néutral, activity 1) ‘using hexane as the eluent and yielded l.‘ll9
g. of colorless oil, n25D 1.5573. Redistillation of the crude product
gave 8.27 g., n25D 1.5629 (51.4%). An anglytically pure sample had n25D
1.5640.

If the crude reactidn mixture was first filtered through a short
alumina or silica gei column using pentane or hexane as the eluent
and, then)distilled, analytically pure material was obtained directly;
loss of material in this procedure is a function of scale but should

be less than 5%.
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The oil had the properties expected for o-bis(trimethyltin)benzene,
The NMR and UV spectra have been discussed above. The infrared spectrum
(£ilm) had absorptions at 3125(w), 3100(w), 304k5(m), 2970(m), 2915(m),
2000-1700(w), 1b45(w), 1425(w), 1260(m), 1205(sh), 1190(7§nacﬂa sym,5 m),
2095 (Y5 apy1s B)s 1025(m), T10 W spucmy rockd Ve5+)s ™Y, ary1; 5)

. ol . ,
T10(s), 640(w) and 530 cm "énwcasggi?°

Caled for CyoHonSnp: €, 35.70; H, 5.49.
Found (SMN): C, 35.85; H, 5.55.

The reaction was also run in refluxing xylene and gmbutylether » but

the yields were less satisfactory: 28.5% and 15%, respectively.

Diels-Alder Reaction of S-Carbomethoxy-g-pyrone (Methyl Coumalate ) and

Bis(trimethyltin)acetylene : Methyl 3,4-Bis(trimethyltin)benzoate (II) -

(III-AE-62).

A solution of 2,110 g. (15.0 mmole) of S5-carbomethoxy-g-pyrone,

5.0 g. (14.2 mmole) of bis(trj’methyltin)a@etylene and 0.1 g. of hydroguinone
in 50 ml. of n-butyl ether (freshly distilled from sodium) were heated

at reflux for 12 hr., at the end of which time the reaction mixture was
dark red. Examination of the solution by t.l.c. (silica gel-pentane )
revealed a new component with Rp - considerably longer than those 61’ the
starting materials.

Removal of the volatiles by trap-to-trap and )then) direct distillation
(50°/0.08 mm.) left red solids and oils. The solids were insoluble in
ether but soluble in acetone, Accordingly,the residue was extracted with
50 ml. of ether. One third of the solution was concentrated and introgiuced
to a Hickman distillation apparatus. Distillation yieided a colorless

liquid boiling at approximately 120°/0.09 mm., n®*, 1.565h. Redistilled
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material bad n®5; 1,5613. The yield was 3.50 g. (49.4%).
The compound was identified as methyl 3,4-bis(trimethyltin)benzoate
by its NMR and infrared spectra and by elemental analysis. The NMR spectrum

(CCl,) is particularly characteristic:

Hy, T.T1 pop.moi (kx)))JAB = T.5 C.P.8.;
JAC = 2 C.P.8.
Hy T.h}l, p.p.m. (2X)
H, 7.98 p.p.m. (X)
0=CHa 3.T7 DoP.H.

SH(CH3 ) 0027 PQP M.
0.28 p.p.m.

The infrared spectrum (film ) consistedof absorptions at 5125(,7;‘11),
3050(sh), 2980(m), 2945(m), 2910(m), 2835(w), 1720(Y0,=05 Va8 ), iSSo(m),
1540(w), 1460(sh), 1k25(s), 1380(w), 1360(m), 1290(v.8.), 1255(s), 12ko(s),
1950 gn-chg sym.’ B)» 1120(s), 1080(¥g, opovss ), 1070(sh), 2025(w), 975(v),
915(w), 8KO(W), TIOW gy o poci? (3)s T20(s); 655(w) and 525 an™ (fg, oy sgs W)-
The ultraviolet spectrum (EtOH) had A, 243mu (¢ 19000), A, 279mu (¢ 5300),
Amax 287mu, (€3900) and . 296mu (¢ 3650).

Caled, for CysHae028nm: €, 36.42; H, 5.2k,
Found (SMN): C, 36.59; H, 5.27.

Diels-Alder Reaction of 5-Methyl-a-pyrone and Bis(trimethyltin)-

acetylene: 3,4-Bis(trimethyltin)toluene (III) - (V1-AE-28).

A solution of 0.3 g. (2.75 maole) of S-methyl-c-pyrone, 1.46 g.
(k.15 mndle) of bis‘(trimethyltin)acetylene and 0.05 g. of hydroguinone
in 10 ml. of bromobenzene v(distilled. from calcium hydride under reduced
pressure ) were heated at reflux for 35 hr. Rembval of‘ the solvent and
volatiles by direct distillation (35°/0.08 mm) left orange solids and

an oil. These were dissolved in 50 ml. of carbon tetrachloride, decolorized
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with activated charcoal and filtered. Removal of the solvent and
distillation with a Hickman Still gave 0.630 g. of a yellow oil, b.p.
90°/0.05 mm.; another distillation gave 0.550 g. (48%) of still yellow
liguid, The distillate was then dissolved in hexane and filtered through a
2in, Silics Gel G column using 200 ml. of hexane as eluent. Distillation
of the residue gave 0.450 g.(39%)of an analytically pure, colorless
liquid, nES«BD 1.5602.

The compound had the properties expected for 3,4-bis(trimethyltin)-
toluene, The NMR (CCl,) had é complex mmltiplet at 6.75-7.38 p.p.m.
(Ar-H), a singlet at 2.28 p.p.m. (Ar-CHs) and a singlet at 0.30 p.p.m.
’(sn.m%@) with relative areas of 1:1:6. The trimethyitin absorption had
satellites: Jg a3 5 52 éop,so and Jg 119 o Sh ¢.p.s. The ultraviolet
spectrum (EtOH) had 1y, 221my (4 16800), Apax 26Tme (4 500) and A, 2T3mu
(€ 283). The infrared spectrum (film) had absorptions at 3050(m), 3025(m),
2980(s), 2920(s), L700(w; imp), 1580(w), 1h50(m), 1260(w), 1215(w), 1200(w),
1908 p,y sym, b B)s 1085(m), Loko(w), 885(w), Sm(YEnml; $)s
165 gty roci? ©)s T05(8)s 660(w), 5T0(w) and 520 ewt (Yo oy oo B)-

Caled for CialsgsSna: €, 37.39; Hy; 5.79.

Found (SMN}: C, 37.12; H, 5.78.

Attenpted Diels-Alder Reaction of k,6-Dimethyl-g-pyrone and bis-

(trimethyltin)acetylene.

A solution of 0.557 g. (4.48 mmole) h,6~dimethyl=cx~pyrohe, 1.515 g.
(k.32 mmole) of bis f(trimethyltin)acetylene‘ and 0.070 g. of hydroquinone
in 30 ml. of bromobenzene (freshly distilled from Calp) were heated to
wrefluﬁco Thé reaction mixture was examined periodically by t.l.c,,v
(alumina-and silicé. gel-pentane). No product had formed after 4l hr.
(the starting materials have Rf # O in this t.l.c. system) and reflux

was continued for 148 hr.,in all.
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Removal of the solvent in vacuo left a brown oil with the very

characteristic odor of the L,6-dimethyl-o-pyrone. Examination by t.l.c.

(siliea gel-pentane) indicated the absence of any prodﬁctso There was no absorpr

tion in the NMMR spectrum {CClg) below 6.0 P.p.m. and only & very weak

sigpal in the Sn-CHs region.

Diecls-Alder Reaction of (Phenylethynyl )triﬁethyltin and q-Pyrone;

(2-Biphenylyltrimethyltin, IV - (V1-AF=20).
A solution of 3.37 g. (12.78 mmole) of (phenylethyny]j)‘brimethyltin,

1.50 g. (15.61 mmole) of a-pyrone and 0.1 g. of hydroguinone in 25.0 ml.
of bromobenzene (freshly distilled from CaHp) wos: heated at reflux for
L8 nr,

Removal of the solvent in vacuo (28°/0.08 mm.) left a black oil
which was dissolved in ether, and the resulting mixture filtered,
Removal of the ether and distillation with a short path apparstus gave
three fractions: 0.100 g. (b.p. 31°/0.1 mm.), 0.820 g. (b.p. 65-85°/0.06 mm.)
and 0.9%2 g. (b.p. 86792°/0.06-0.07 ma,). The first two fractions consisted
primarily of starting material and rapidly decomposed on standing in the
atmosphere (The reaction had apparentlgy not gone to completion.). The
final fraction iz 96% pure (g.l.p.c.). On cooling, the sample began to
crystallize; it was then dissolved in hexane and crystallized by addition
of methanol and cooling to yield 0.753 g. of fiuffy needles, m.p. 53.5-T°.
An additional 0.230 g., m.p. 53-6.5°, were obtained from fraction IT of
the distillation. The yield is 1.17 g. (29%). An analytical sample,
obtained by one further crystallization from the same solvent mixture,
had m.p. 57-8°.

The compound had the properties expected for IV. The NMR spe@trum (ccly)

consisted of a broe,d,?single absorption at T.l-k p.p.m. (Mag) and a sharp
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singlet (Snmg_}g@) &t 0.03 p.p.m. above TMS with rglative areas of 1:1; the
tin couplings were Jg ay7 o, 52 C.P.so and Jg 119 p 54 ¢.p.s. The ultra-
violet spectrum (EtOH) consisted of ’lsh, 257 mu (§ 6700); clearly,there is
redﬁcéd resonance interaction between the benzene rings. The infrared
spectrum (CCl, and (Sp) had bands at 3110(w), 3075( sh), 3060(m), 3030(3‘5 )s
2990(sh ), 2960(m), 2915(m), 2000-1600(w), 1600(w), 15T5(w}, Lh90(w),
1460(m), Uko(m), 1h25(m), 1260(w), 1245(w), 1200(w}), 1O, oy ooy 5 M)

110(w), 10700 g gpyrs B> 2030(w), 1025), 1010(m), 995(w), 930(w), 910(w),

Sn-ar
TIOW gnocitg rockd &5 O gpyrs 81> T00Wy 5 ), Ek5(w), 615(w), Sh5(w)
and 520 cm

1 o P9
(ysn'”@H@(: -t; ) @
Gal@d. for Clgﬁlgﬁnz Cy 56@835 Hp 50729

Found (SMN): C, 56.763 H, 5.75.

Competition Eetween g-Pyrone and 5-Carbomethoxy-o-Pyrone for Bis-

(trimethyltin)acetylene - (VI-AE-2).

A solution of 0,740 g. (7.70 mmole) of a=pyrone, 0.940 g. (6.11
mmole ) of 5~carbomethoxy-o-pyrone, 2.318 g. (6.60 mmole) of bis(trimethyltin)-
acetylene and 0.0T4 g. of hydroguinone in 30 ml. of bromobenzene (distilled
directly from Ps0s) were heated at reflux for 21.5 hr. Volatile components
then,removed by direct distillation at 28° /0.05 mm. The entire

9
residue was transferred to & Hickman still and distilled essentially to

were

dryness (pot temp,180°/0.12 mm.). The distillate, a discolored oil,

was examined by NMR (CCl,); absorption at 6-6.2 p.p.m. indicated the

presence of unreacted q=pyrone. Absofptions at 7.5-8.0 p.p.m. (cha.racteristic
of I1), 5.8 p.p.m. (ArCO-CHs) and at 0.35 p.p.m. (two peaks about 1 c.p.s.
apart) with relative areas of 1:1:6 indicate&that_methyl 3,4<bis (trimethyltin)-

benzoatewas the only aramatic compound present. Redistillation with a short
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path apparatus yielded 1.838 g. (64.5%) of a faintly yellow liquid,

b.p. 123°/o,06 mmog 25°8 105639'(1it; @%4 1.5813) iher@ was no
fbreruh, thus, né éfbis(triﬁefhyltin)benzéne waslpresento Exéminaé

tion of the distillgte by g.1.p.Co (F and M. isothermal at 205° and

60 mlo/min, of helium using 2 6 f£t. column of 7.5% SE 30 on Chromosorb P)
confirmed the sbsence of o-bis(trimethyltin)benzene, (reteption time

is 21 mina)g the methyl 3,b-bis{trimethyltin)benzoate was not eluted
after TO min, |

Competition Between q-Pyrone and 5-Methyl-q-pyrone for Bis(tri-

methyltin)acetylene - (VIekEaé?)o

| A solution of 0.336 g. (3.06 mmole) of S5-methyl-a-pyrone, 0.315 g.
(3.27 mole) of a-pyrone, 1.12 g. (3.16 mmole) of bis(trimethyltin)acetylene
gnd 0.0%0 g. of hydroquinone in 10 ml. of bromobenzene (freshly distilled
ffom CaHz) was heated at reflux for 31.5 hr. The solvent was removed in
vacuo (28°/6008 mm. ) and the r esidue dissolved in CCl, and examined by MMR.
The MR spectrum cdnﬁéin@d gbsorptions at 6.8-7.5 pop,m,(Armg)32°23 PePollle
(Ar-CHs), 1.75 pop.mo.(C~CHy of S-methyl-o-pyrone} and 0.30 p.p.m., as well
as several peaks due to Impurities. The ratio ArH:ArCH, was 2h:13% which
indicates a ratio of gabié(trimethyltin)benzene to 3,k-bis{trimethyltin)-
toluene of 1:1.17. The WMR sample was restored to the body of the reaction
mixture and, after decolorization with activated charcoal and filtration,
the solution was examined by g.l.p.c. (F and M isothermal at 199° and

60 ml.He/min. using a 6 £t. x 5 mm,'column of 7.5% SE 30 on (hromosorb P)
aﬁd found to contain two components whose retention times corresponéed
exactiy to those of authentic samples of o-bis(trimethyltin)benzene (1)
and B,hebis(trimethyltin)toluen@ (III). Yields were, then, calculated

using l-bromonaphthalene as an internal standard and correcting for the
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molar responses. The yield of I was 0.904 mmole (26%) and of III 1.043

mnole (35.4%). Calculation of the relative reactivities by the

equation
KSQC,’H@ mmole IIT mmole 5-H ,
— = e X : gives & value of 1.23
KSmH mmole L mmole 5-CHg

o-Bis(trimethyltin)benzene (I) Monoiodinolysis : o-Todo(trimethyltin)-

benzene (V) - (IV-AE-kh),

A solution of 1.00 g. (2.48 mmole}) of I in 35 ml. of chloroform
(Fisher reagent) was treated in a dropwise manner with a solution of 0.630k g.
(2.48 mmole) of iodine (Mallincrodt analytical reagent) in 60 ml. of chloro-
form, Decolorfization was 1‘?,n,s‘k;ta.n:l:,aa.neows‘m°

Removal of the solvent and tiimet;hyltin iodide in vacue (h2’ /0.15 mm)
left a yellow oil which was distilled with a Hickman apparatus; a colorless,
aromatic liguid, b.p. T0°/0.04 mm was cbtained, 0.8485 g. (93%). Analysis
of the distillate by g.l.p.c. (F and M isothermal at 208" and 70 ml./min., |
of He using & 6 ft. x 5 mm. column of 7.5% SE 30 on Chromosorb P) indicated
a purity of about 95%; contaminants were 4% of starting material (I) and
about ‘l% of a lower boiler; presumably o-diicdobenzene., An analytical
sample was collected by g.l.p.¢. and had n25D 1.6031. The compound was
identified as V by its spectra and elemental analyses. The NMR spectrum
(CCl,) bad absorptions at 7.68 p.p.m. (1H; doublet with J = 7.5 c.P.8.,
with further splitting),®® 6.70-7.28 p.p.m. (3H; muitiplet) and 0.37 p.p.m.

(SH)with satellitess Jg 117_y 53 C.P-8. and Ju a1e , 55.5 C.P.s.
Sn H Sn H

(59) The lowest field proton is that one ortho- to the iodine by analogy
to the spectrum of o-diiocdobenzene in which the ortho protons occur
at 7.84% p.p.m. (Jo 7.9 c.p.s.): J. Martin and B, P. Dailey, J. Chem.
Phys., 37, 2594 (1962).
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The ultraviolet spectrum"(EtOﬁ) bhad absorptions at lsn 232 my (¢ 10,550),

A 273 mu (§495), A 278 mu (¢ 723) and ). 285 mu (¢ 659). The
infeared spectrum (film) had bands at 3045(m), 2975(m), 2010(m), 1915(w),
1850(w}, 1800(w), 1670(w), 1600(w}, 1565(w), 1550(m), 1h50(v), Li35(m),
1420(m), 1410(s), 1265(w), 1245(m), 1200(w), 1190 (VSMHS sym.)” 1160(w),
1120(w}; 1100(w)s 1085(¥gn o m), 1025(m), 980(w), ho(w), 770()(8!1&(:1{3 rock’
8)s 71*0“/3@@1; s); 720(sh), 695(w), 635(w) and 525cw™ (¥g) o gpd W)
Caled for CgHyaISn: C, 29.47; H, 3.5T7; I, 34.60.
Found (SMN): C, 29.62; H, 3.28; I, 34.23.
Methyl 3,b-Bis(trimethyltin)benzoate (I1), Monoiodinolysis - (ITI-AE-6T;

fIV=AE¥3120

A solution of 0.876 g. (1.897 mmole) of IT in 40 ml. of chloroform

was treated in & dropwise manner with a solution of 0.4803 g. (1.893 mmole)
of iodine in 140 ml. of chloroform. Decolorization was instantaneous.
Removal of the volatiles in vacue (30° /0.05 mm) left & yellow oil
which was distilled with & Hickman apparatus. A colorless distillate,
0.7110 g. (88.5%), was cbtained, b.p. 110°/0.1 mm. Redistillation gave
an apalybtics] sample, n25D 1,597%, d22 2,04k, The compound had the properties
expected for a mixture of methyl 3-iodo-l-(trimethyltin)benzoate (VII1) and
methyl haiodomb(trimetﬁyltin)benzoate (VIT). The NMR spectrum (CClg) is
particularly complex in the aromatic region but a strong signal at 8.32 p.p.m.
(doublet with J = 1.k c.p.s.) which must be the proton ortho to both iodine
and the carbomethoxy group in VIII indicated that thirc yas the majbr isomer.
The ratio for the areas of Ar-H (7.05-8.32 p.p.m.), the methoxyl hydrogens
(3.86 p.p.m.) and the trimethyltins (two peaks at 0.42 p.p.m., 1 cop;s.

apart with relative areas of 2:3) was the expected 1:1:3. The infrared
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spectrum (CCl,) consisted of absorptions at 3000-3100(w), 2990(m),
2920(m), 28¥5(w), 1T35( ¥ o8 8)» 1560(m); 1545(m), 1h60(m), Lhko(m),
1365(m), 1290(v.s), 1250(w), ll95(k/5anH3 symé m), 1120(s), 1080()/Sn-aryl; m),
1020(m), 1005(m), 970(m), 900(w), 655(w) and 530cm™* (¥'g) o 5 W)

BUL.

Caled for CgiHysO2ISn: &, 31.10; H,3.56.

Found (SMN): ¢, 31.26; H, 3.3k,

{ o-Biphenylydtrimethyltin (IV), Todinolysis - (Vi-AE-20).

A solution'of 0.650 g. (2.04 mmole) of IV in 20 ml. of chloroform
was treated in a dropwise manner with a solution of 0.6 g. (2.1 mmole)
of iodine until an iodine color persisted in the solution. Volatile
components were removed by distillation in vacuo (40°/1 mm.) and the
residue, a yellow oil, distilled with a Hickman apparatus. An aromatic,
colorless distillate, b.p. 85°/0.06 m,,n%n 1.65T7, was obtained.
Examination of the distillate by g.l.p.c. (F and M program 170-220° at
7.5° /min with 60 ml/ min He using & 6 ft. x 5 mm. column of 7.5% SE 30
on Chromosorb P) showed a single peak. The properties of the compound
agree with those repcorted for 2-iodobiphenyl: b.p. 9&=5®/0,0CT mm, ,
n2°D 1.6620.4° The ultraviolet spectrum (n-heptane), Rmax 22T (4 17,700),

was very close to that reported in the literature; Rmax 226mu (£ 20,000).

(s0) D. R. Augoocd, J. 1. G. Cadogan, D. H. Hey and G. H. Willlams, J.
Chem. Soc., 3413 (1953).

{41} T. M. Dunn, T. ‘redale, ibid., 1592 (1952).

The mass spectrum, moreover, showed & moleculsr ion9M+'280, and a peak
(M" 153) for biphenyl, smong others. The infrared spectrum (CCl; and CSz),

which had not been reported, had absorptions at 3150(sh), 3110(sh), 3085(sh),
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3060(sh), 3035(sh);, 1950 (m), 19205(»:), 1870(w), 1800(m), 1750(w), 1600(m}),
1580(w), 1495(m), 1460(s), 1h50(s), 1k25(s), 1420(sh), 1330(w), 1295(w),
1250(w), 1180(w), 1155(w), 1115(w), 1075(m), 1065(sh}), 1035(m}, 1015(s),
1005(s ), 995(m); 945(a}, 920(m), 855(w), THO(Y , ppiqs 8} T20(m),
T00(yg. 3 ), 645(s), 605(s); and 555am™* (¥, 15 s). The NMR spectrum
(CCl, ) hed abscrptions at T.75 p.p.m. (1H; doublet, J = 7.7 c.p.8..with
further splitting) and 7.17 p.p.m. and T.0T p.p.m. (BH); the low field
29

absorption is assigned to the proton ortho to the iodines

@-Bis(trimethyltin jbenzene I, Monobrominolysis: g=Bromo(trimethyltin)-

benzene.

A solution of 0.597 g. (1.87 mmole) of I in 350 ml. of a 1:1 ether-
methancl mixture (Mallincrodt anhydrous and Fisher reagent, respectively)
was cooled to -75° with a Dry Ice-acetone bath and then treated dropwise
with a solution of 0.301 g. (1.89 mmole) of bromine (Mallincrodt analytical)
in 50 ml. of methanol. Reaction was nearly instantaneous as evidenced by
the rapid decolorization of the reaction mixture. |

Removal of the sclvent and trimethyliin bromide in vacup left a
slightly discolored oil. This was examined by gil,peco (F and M isothermal
at 190°with 60 mlymin,He using & 6 ft. x 5 mm column of 7.5% SE 30 on
Chromosorb P) and shown to consist of a single peak (some trimetihyltin
bromide remained) which bad a 10.5 min,retention time. No o-dibromobenzene
or starting material (retention times 5 min.and 22 min., respectively, were

evident. Distillation with a Hickman still gave 0.410 g. (86%) of aromatic

D 1.570%. An analytical sampi@)

colorless liguide b.p. 47 f0.03 mmf,n?5
collected by g.1.p.c.qhad n24D 1.5734,

The properties of the liguid were in accord with those expected for
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o=brome(trimethyltin Joenzene (VI). The ﬁMR gpectrum (CCly) had adsorp;
ticne at 7oh7 p,p,m,(lﬁﬁprobably that ortho to the bromine), 6.9-7.3
p.p.m. (3H) and 0.38 p.p.m, (anll7mﬁ 53 €.P.Sejdgrane ; 55 CoDeSo )
with relative areas of 1:3:8.8. The infrared spectrum (film) had
absorptions &t 3055(m), 2985(m), 2915(m), 2000-1750(several; w), L575(w),
1565(m), 1¥70{w), 1450(m), 1k35(m), 1425(s), 1270(w), 1255(s), 1195(m},
1116(m), 1090(s), 1035(m), 1010(s), TT5(s), T45(s}, €95(s) snd €40 cm™*(v).
The ultraviolet spectrum (EtOH) had abscrptions at Amax 258 my, )max 264 my,
lma.x 267 my and Asn 275 Mo

Calecd for CoHyaBrSn: ¢, 33.79; H; 4.10.
Found (SMW): C, 33.98; H, 4.L3,

o-Bis(trimethyltin Jbenzene (I), Dibrominclysis.

A solution of 0.30L g. (0,75 mmole) of I in 30 ml. of chloroform was
treated inva dropwise manner with a solution of 0.15 g. (0.94 mmole) bromine
in 30 ml. of chloroform wntil the bromine color persisted in the reaction
mixture, Removal of the solvent with a water aspirator left a siightly
discélored liguid which was examined by g.l.p.c. (F and M igothermal at
170° and 60 ml./min. He using & 6 ft. x 5 mm. column of 7.5% SE 30 on
Chromosorb P) and found to contain, in addition to traces of solvent
and & considerable amount of trimethyltin bromide, a single peak whose
rebention time corresponded exactly to that of an authentic sample of
o-dibromobenzene. The infrared spectrum of a collected sample was identical
with that of authentic o-dibromobenzene and with the Sadtler Spectrum,

No. 12459,42 for this compound.

(42) sadtler Standard Spectra, Sadtler Research Laboratories, Philadelphia.




=105=

Reaction of o-Bis (trimethyltin)benzene with kgButyllithim: Attem_pted

Preparation of g-Dilithiq benzene - (IV-AE-60 ).

A solution of 1.03 g. (2.54 mmole) of o-bis(trimetbyltin)benzene
in 30 ml. of ether (freshly distilledlfran' CaHp) was treated in a dropwise
manner with 5.25 nﬁn@le (k.95 ml of 1.06 N) gebutyllithium in 15 ml. of
2:1 ether-pentane mixture., The sclution became yellow and tlmexi orange
after about 10% of the lithium reagent had been added and maintained
this @qlor throughout the addition. The reaction mixture was stirred for
1.5 hr, é.fter the completion of addition and thefx quénched with 0.15 ml.
(8.5 mmole) of deuterium oxide (Columbia Organic Chemicals Co.); the
quenching was extremely exothermic considering the dilutness of the
solutior., A white solid pmecipitat,ed almost immediately. Examination of
the crude reaction mixture by g.l.p.c. (M.I.T. Isothermal at 87° and
13.5 p.s.i. of He using a 10 ft. x 8 mm. column of 25% SE 30 on Chromosorb
P) indicated the presence of three components; the two highest boilers had
retention times identical with n-butyltrimethyltin and benzene.

The reaction mixture was distilled trapamatraﬁ (50@\/0.31,5 oD and,then,
directly at 110°/0.45 mm. (receiver cooled to =75° ). ' The distillate was,
th@n?concentrated by distillation through a Vigreux column equipped with
a fraction cutter adjusted for & 10:1 drop ratic. Analysis of the
distillation residue, dfte:r removal of most of the ether, by g.1.p.C.
(same conditions as above ) using”toluene as in internal standard and
correcting for molar responses indicated a yield of 2.36 mmole (46.5%)
of n-butyltrimethyltin (identified by retentic;n time and IR spectrum )

compariscn with an authentic sample and .215 mmole (8.5%) of benzene (Dz! ).
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The ratio of these peaks was somewhat different than in the crude reaction
mixture and it appeared that some of the benzene might have}been-logt
during work-up. The yield of benzene was too low for satisfactory collection
and it was collected together with a lower boiling peak which had the same
retention time as tetramethyltin. An infrared spectrum of the mixture
(CCl,) suggests the presenée of o-dideutercbenzene as it consists of
absorptions &t 3075(m), 3055(m), 3030{sk), 2975(s); 2915(s), 2355(m),
2270(w), 196k({w), 1955(w), 1620(w), 1595(w), 1k87(sh), L480(w), 1460(m),
1h50(m), 1375(w), 1295(w), 1265(w), 1255(w}, 1195(m), 1150(w), 1130(w),
1070(m), 1050(sh), 1035(w), 930(w), 910(w), 8T0(w), 855(w}), 8ku(m), 695(m),
670(w), 605(s), 585(m), and 520 cm~*(s). The reported infrared spectrum
of o-dideutercbenzene®® has bands at 3058, 3030, 2275, 1587, 1566, 1158
1128, 105k, 9Tk, BhO 779, 661, 597, and 582cm=%, Tetramethyltin has

absorptions at 2975, 2915, 1195 and 520cm™*

(43) s. Broderson and A. Langseth, Kg. Danskeo Videnskal. Selskalb Nat.-Fys.
Skrifter, 1 (7). (1959);GA., 54, 10731 (1960).

~ In another experiment, 1.8337 g. (4.54 mmole ) of I was treated with
10.60 mmole of n-butyllithium and, then, stirred for 3 hr. The SOLutibn'
became yellow but never orange as above. The reaction mixture was guenched
with benzophenone (1.79 g.; 9.8k mmole)ﬁstirred overnight and,then,
hydrolyzed. Separation of the layéps, washing of the agueous layer with
ether and drying (anhydrous MgS0, ) gave a yellow solution which was distilled
teap-to-trap (35°/0.40 mm) and, then, direétly18o°/ooo3 wm.). Examination of
the distillate by quantitative g.l.p.c., as above, indicated a 49.1% yield

of gfbutyltfimethyltino The residue from the distillation (2.43 g.) was
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féxaminéd’by t.l.c. (silica gelmpeﬁtane (5):ether(l) and appeared to
contain,at leasb,six compound.s . Chramatography of 1.16 g. using a
6 in.x 7/8 in.column of Silica Gel G and a 5:1, pentane:ether eluent
separated the mixture sogewhat. The initial fractions contained di-p-
butyldimethyltingidentified by comparison of its retention time in
t.l.c. (silica gel-pentane) and infrared spectrum with an authentic
sample (crude yield is about 0.87 mmole or 9.5% based on starting
material I). The final fractions contained 1,l-diphenylethylene, which
mast arise from 2,2-diphenylethanol during chromatography, identified
by its NMR spectrum (absorptions at 7,08 and 5.2 p.p.m. with relative
areas of 5:1), by comparison of its infrared spectrum with Sadtler Spectrum
No. 1951842 for this compound and by elemental analysis.

Calcd for CygHya: €, 93.29; H, 6.T1.
Found (SMN): C, 92.93; H, 6.69.
The central fracticns contained a mixture of compounds from which a
small amount of colorless crystals; m.p. lh8=52°, could be isolated.
Recrystallization from pentane-methanol mixtures gave colorless crystals,
m.p. 160-2°, which show veak hydroxyl absorption at 3450 cm-® and aryl C-H
absorption but no alkyl C-H bands in the infrared. The compound appears
not to be the expected w,w,w'w’-tetraphenyl-o-xylyleneglycol, m.p. 192.5-6%%*
although the analysis is similar.

Calcd for CgsHog0z: €, 86.85; H, 6.17.

Found (SMN): C, 85.81; H, 6.12.

b, G. Wittig and F. Bickelhaupt, Chem. Ber., 91, 890 (1958).




CBAPTER III
PHOTOCHEMISTRY OF UNSATURATED

" ORGANOTIN CQMPOUNDS



DISCUSSION

‘The photochemistry of main group organometallic compounds is

an area that has received very little attenfion.l Certainly the ma-

(1) Light induced processes involving transition metal compounds
have been examined in considerable detail due to their import-
ance in the life process. ‘

jor reason for thié is the facile destruction of most C-M linkages
on irrédiation, due both to the low energy of these bonds and to the
possibiiity of obtaining differeht, stabie oxidation states of the
metal by consecutive trahsfers of electrons. Virtually the only re-
ported photochemistry of these compounds involves scission'of the

C-M bond; a few examples are:

D . OO
\ /" \/

(2) E. E. ven Tamelen, I. I. Braumen and L. E. Ellis, J. Am. Chem.
Soc., 87, 496k (196&)

hy - YA
P o \ // \\ // , ete.

CHs — CHa, etc.

=

I

(CHs) 4P

'(3) P. A. Leighton and R. A, Mortimer, ibid., 58, 448 (1936).

=109~
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p— hy
— ShEtg — O 4 ete.
) e )

(4) G. A. Razuvaev and V. Fetykova, Zh. Obschch. Khim., 21,
© 1107 (1951); C.A., 46, 147 (1952).

Nesmeyanov and cowoz,'kers5 and Seyferth and Vaughan® have, however,

(5) A. N. Nesmeyanov, A. E. Borisov and A. N. Abramov, Izv. Akad.
Neuk, S.S.S.R., Otdel.Khim. Nauk, 570(1949); C. A., hh, T7591

(1950) . ‘
(6) D. Seyferth and L. G. Vaughen, J. Organometél. Chem., 1, 138
(1963) . ’ :
cL - ‘ » oo
— hy
(\—Q = ( —— ] snC1 (5)

3 anl 3

hy M
(\=>Z » (\:)}‘ M= 8i, G, Sn (6)
M ,

reported that irradiation of vinylic organometallic systems results

in cis~trans' isomerization and not in C-M bond homolysis.

The éffect of covalently bonded organometallic substituents,
in particular those of Group IV, on the absorption spectra of organic
chromophores have been st‘udied.y The energies of ground and excited

states appear to be little different than those of the carbon analogs,
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although the metals affect the rate of the excited stateg singlet-
triplet transfer (it increases with increasing mass of the substi-

tuent).? Photochemicel transformations of appropriately substituted

(7) D. S. McClure, J. Chem. Phys., 17, 905 (1949).

organometallic compounds, are; therefore, possible and it is only

a question of finding the right systemé and reaction conditions. With
the idea that novel clasées of organometallic compounds might be
prepared by photoisomerizations, we undertook some examinations

in this area.

The organotin substituted norbornadienes (see Chapter I) seemed
to be a suitablé starting point for this study. The photochémicai
transformation of bicyclo[2.2.l]hepta-2,5<diénes (nofbornadienes)
to quadricyclo[2;2.l;0?’303’5]hep£anes (quadricyclenes), which was

7

1

hy -8 s

5 3

first observed by Cristcl and Sneli? has been examined in some detail.®

(8) 'S. J. Cristol and R. Snell; J. Am. Chem. Soc.,76, 5000(1954).

(9) sSee, for example, G. S. Hammond, ibid., §§;‘2533 (1961L)°

At the time this work was begun (1963), no bicyclo[2.2.l]hepta~2,5-,

dienes, other than the 2,3¥dicarboxy system® and the unsubstituted
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compound norbofnadiéne,m had been successfully photoisanerized.

(10) W. G. Dauben and R. L. Cargill, Tetrahedron Letters, 15,
197 (1961) ‘ f’ ‘

There were, moreover, reports that several Diels-Alder adducts of

hexa.chlorocyclopentagiiene and acetylenes did not undergo this reac-

tion, ' Recently,there have been reports of the successful trans-

(11) (a) R. J. Gritter, E. Sabatino and §, Sacharow, U. S. Dept. .
of Commerce, PB Report 150, 407 (1960); C.A., gg,: 3328b (1963).
(bgsg. E. Noland and L. R. Smith, J. Am. Chem. Boc,, 82, 2021

formation of other bicyclo(‘e,a.ljhepta-a ,5-dienes: T-chloro- ,128‘

(12) (a) P. R, Story and S. R. Fehrenholtz, ibid., 86, 572 (1964);

(b) H. G. Rickey and N. C. Buckley, ibid., 85, 3057 (1963);

(¢) G. W, Klump and F. Bickelhaupt, Tahédron Letters, 865
(1966); (4) P. G. Gessman, D. W, Aue and D, S. Patton, J. Am.
Chem. Soc., 86, 4211 (1964); (e) D. M. Lemal, E. P, Gosselink, .
and S, D. McGregor, ibid., 88, 584 (1966); (f) S. J. Cristol,
J. X. Harrington, M. 8. Singer, ibid., 88, 1529 (1966), re-
ported private communication from one D. I. Davies. ‘

T-acetoxy-, 22 7-cyano-, 32 2,3-dimethyl-7, T-dimethoxy-, 129 5 5 5 ).
tetrachloro- 7, 7-dimetho:qr-5‘-pheny1‘-,-,"2e and very recently, 1,2,3,4,

7, T-hexachlorcbicyclo[2.2.1]hepta-2,5-diene, 128 All of the reported
quadricyclenes are thermally steble (up to ~ 150'0) with the excep-
tion of the two systems w'(ith 7 7-dimethoxy substitution which apparent-

1y revert to the diene within a few hours at ambient *l:emperaturet's.12‘1 ’€
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Irradiation of 2, j-bis‘( trimethyltin)-1,4,5,6,7,7-hexachloro-
bicyclo[2.2.ljhepta~2;S-diene (I) or of 2-(trimethj1tin)-1,h,5,6,7,7-
hexachloro~3- methylbicyclo{2.2.i]hepta-2,5-diene (II) in efher with
& high pressure, mercury 1amp:resultsrin their conversion to the cor-
reSponding quadricyclenes; 2,34bis(triﬁethgltin)-l,h,5,6,7,7-hexachioro-
quadricyclo[e;a.l. 0%’ €0. 35 neptane (III) and 2-(trimethyltin)-1,4,
5,6,7, T-hexachloro-3- methquuadric&clo[a.e.1.0?’?0v3’5]heptane

(IV), respectively, in isolated, pure yiélds of sbout hS%.

ci 1

c
Cl Cl C
Sn(CHs)a Sn(CHa) 5
‘ - hy, ether =,
Cl C1 quartz f ilter C1
1 n(CHs) 3

Cl

Cl
cl Sn(CHa)a
IIT

clL c1 ol ol
C & hy a. &
. Sn(CHg) 3 _‘__>—“ Sn(CHgz)a
CL A ’
a” a . 1N g,
II

v

The actuel yields in the irradiations are considerably higher than
45% (the yield of IV was estimated by RMR to be 70%). However, iso-
lation of the phoﬁoprodﬁcts in#olvés column chromatography and frace-

tional crystallization andiis‘complidated by the tendency of III and

IV to slowly decompose to tars and methyltin chlorides. ' The quadri-
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cyclénes -can be‘handled in /the atmosphere, aithough for extended
storagg (more than a few hours), it was ':E’.mzﬁd ngecéssary to store the
compounds under nitrogen at b", or lower. The decdzﬂposition of III
abnd IV is chara.cte_z_'istic of many organbmetallic syétems with halogens

proximate to the metal.3

(13) . (&) N. A. Nesmeyanov and A. E. Borisov, Izv. Akad. Nauk, Qrg.
_ Khim. Nauk, 146 (19%5); (b) R. West and F. M. Rabel, J. Am.
Chem. Soc., 84, 4169 (1963); (c) D. Seyferth, unpublished
- data.

Tt must be stressed that the decomposition déscribed gbove
does not involve reconversion to the dienes, IIT a.nd Iv, unlike
1,2,3, 4-tetrachloro-T7,7-dimethoxy- 5-pheny1qpadricyclo{2 2.1. 02’803’5]-
heptane ’ 12% 30 notl isomerize -to the corresponding diene at ambient
temperatures over a period of at least several days, Attempts to
observe the conversions III —» II at"eievated temperatures (150-230°)
were inconcvlusive because of decomposit'ién. of ‘the qué.dricyclenes
by other _paths.

Chafacteri‘zation of ‘the quadricyclenes III and IV‘vias made by
uv, IR, and MR specfral correla‘bi:o‘ns ‘(éee Table I) on samples shown
to be isomeric with the starting dieﬁes.' In particﬁlar, the photo-
isomers were cha;récﬁerized by the pfésence of only end absorption in
| quari';z ultraviolet region, by the absence of :C=C: stretching
absorption in the infrared spectra and, in the case of IV , by the

upfield shift (versus the diene) of the C-CHz group in the MR



Compound

norbornadiene

quadricyclene

I

III

II

v

1,2 B,h-tetrachloro-

7,7-dimethaxy-5-

phenylguadricyclo- -

‘ [2 2,1.0. 2’803)5]_
heptane

2,3-dimethyl=T,T~

dimethaxybicyclo-_
[2.2.1]hepta~2,5=
diene

2,3-dimethyl-7,7~
dimethoxyquadrie-

cyclo[2.2.1.0%#0%/5].

heptane

v

TARIE I

W _Spectrun®

205mpEe 2100),

Mua
Max 220my

Mg 285myu(e
rend 245mu(e 370)

Muax 22Tmu(e 4000), Agh 276m, (e 280)

Mepg 240mu(e 500)

My 210mu( e 380)

*end 232my( e 236)

21lmy (e 14,800)4
€ 870), Agh 230mu(e 200)

Nend 210my(& 1400)°
Musx 256mu(e5,6?0) s Xsh 25Tmy, (e 1600)

. MR Sgectrum

0.35 p.p.m.

0.33 p.p.m.

(12¢)
C-CHz 1.70 b.p.m.
Vi-E 6.58 p.p.m.
(124)

* in either n-heptane or ethanol; spectrum of II vas identical in both

solvents

(14) C. F. Wilcox, S. Winstein and V. G MacMillan, J. Am. Chem.
Soc., 82, 5450 (1960).
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spectrum. »Bo}th III and IV are crystalline sollds which melt w:lfh
some decomposition. Outside of the work of Nesmeyanov and Seyfer'i:h, e
in which new bond systems were not actually :t’ormed these are the
first examples of photoisomerization of main group organometa.llic
compourds.

Some of the chemistry of the C-Sn linkage in III and IV was
examined, both in order to assess their utility as inferﬁxediates
in the‘ synthesis of otf;er quadricyclenes and to determine whether
rearrangement of the reacf'i\'re quadricyclo[2.2.1.0%2760375] gkeleton would
accompany destannation by electrophiies. The reactivity of quadri-

cyclene itself is evident from the work of Dauben and' Cargill.®

S,
s

Extensive halogenation of the carbon skeleton greatiy reduces the
susceptibility to electrophilic attack, however, as was discussed
for the case of the halogenated norbornadienes (Chapter I).
Cleavage C~-MIV bonds (also C-Hg linkages) by polar reagents
such as halogéns , halogen and other_mineral acids and metal ard

metalloid halides is an area of considerable interest in organometal-
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lic chemistry?® and is, accordingly, well doéumented. Mechanistic

(15) (a) M. S. Kharasch and R. Marker, J. Am. Chem. Soc., 48, 3130
(1926); (b) J. G. ALuitjens and G. J. M. van der Kerk, "In-
vestigations in the Field of Organotin Chemistry," Tin Res.
Council, Middlesex, England, 1955, p. 75; (c¢) C.Esborn, "Qr-
ganosilicon Chemistry," Butterworths, London, 1966.

interpretation of the data is, unfortunately, less extensive and

only in the cases of MIV-aryl (electrophilic su‘bstitution)le and

‘ ‘ n :
(16) R. O. C. yorman and R. Taylor, Electrophilic Substitution of
Aromatics, (ed. C. Eaborn), Elsevier, Amsterdam, 1965.

MY 211yl (Sga )17 reactions with halogens and halogens acids is

(17) H.9g. Kulvila and J. G. Verdone, Tetrahedron letters, 119
(1965). '

the situation well resolved. Gielen and Nasielski have recently
studied the cleavage of tetraalkyltin compounds and find a spectrum
of mechanisms between SEa and Spz (cyclic transition state) dépend-

ing on the nature 6f the solvent and the electrophile.® Considera-

(18) M. Gielen and J. Nasielski, J. Organometal Chem., 1, 173 (1963).

tion of the relative reactivity (to halogens and halogen acids) of

various groups attached to tinl®82 12 gtrongly suggests that electrophilic

attack at the C end of the C-Sn bond is involved in all cases,
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(19) (a) D. Seyferth, J. Am. Chem. Soc., 79, 2133 (1957); (b) S. D. Rosen-
berg, E. Debreczeni and E. L. Weinberg, ibid., 81, 972 (1959).

allyl >toiyl >phenyl >vihyl >me£hy1 >eti1yl >propyl

although fhe precise transition state is a function of the substitu-

tion and polarity of the solvent. Winstein® and Eaborn5® have

(20) S. Winstein and T. G. Traylor, ibid., 77, 3747 (1955).

discussed similar mechanisms for the spectrum of C-Hg and C—Si cleav-
ages by electrophiles, respectively. |

The mechanisms of C-Sn and C-Si clleavage are probably similar
but the much more facile cleavage of ligands bonded to tiﬁ suggests
a greater involvement of tin in the transition state. This is in
line with the greater polarizability of the carbon-tin linkage,
with the increased ability of tin to form intermolecular coordinate

bonds,2Yand with lower energy of the C-Sn bord.

(21) F. Rijkens and G. J. M. van der Kerk, "Investigations inthe
Field of Organogermanium Chemistry," Germanium Research Coun-
cil, Utrecht, 1964).

Treatment of 2-(trimethyltin)-l,%,5,6,7,T-hexachloro-3-methylquad-

rieyelo[2.2.1.05° %0 3’51 heptane (IV) with one equivalent of hydrochloric
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acid in a 1:1 methanol:ether mixture (conditions under which the
C—Sn bond in the correspbnding diene (II) is rapidly cléhved) re-
sulted in virtually no scission of the C—Sn bdnd. This was clearly
demonstrated by treatment of a 4.5:1 mixture of v agd II with one
equivalent of hydrochloric acid; examination by t.l.c. and.NMR after
8 hr. indicated that II had entirely reacted, vhile,by similar tech-
niques,70% of IV was shown to be ‘intact after Tl hr.

When a considerable excess ( ~'5X) of the aclid was used, cleav-
ége of the C-Sﬁ bond of IV was complete in about }6 hr. Examination
of the crude reaction mixture (after removal of the solvent) by
MR indicated the presence of one compound: singlets at 2.81(1H) and
1.34 (3H). Distillation of the reaction mixture ghve a T0% yield of
a colorless liquid, b.p. ~_55°/0;08‘mm. which was identified by its
MR, IR, and UV spectra (see Table I) and by elementgl énalysis as

1,2,3,k4,7,7-hexachloro-5~methylquadricyclo[2.2.1.0.2603’5Theptane (V).

Cl C1

n(CHz)s xs.HC1

MeOH-Et20
c1 CHa

Any question of skeletal rearrangement is ruled out by thermal con-
version (at 200°) of V to 1,2,3,4,7,7-hexachloro-5-methylbicyelo[2.2.1]hepta-
2,5-diene (VI), identified by comparison with an authentic sample.

Isomerization of V to VI does not occur at smbient temperatures.
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Treatment of III under identical conditions gave analogous
results: 1,2,3,k4,7,7-hexachloroquadricyclo[2.2.1.02’€03’5heptane
(VII)was foi'med in good yield. This reactioh was run on & ré,thexf small
scale and an analytically pure sample was not obtained. Spectral |
data (MR shows a singlet at 2.94 p.p.m. and ultraviolet and infraréd
sbsorptions are very similar to V) and ‘molecular welght determination
by mass spectral analysis (M+, C7H20153501137, 298) oﬁ a ‘semple of >90%
purity are evidence for structure VI.

When III- was treated with one equivalent of bromine, under the
same conditions used in the prot‘_olysis s - analysis of the crude reac-
t ion mixture (a,ftér removal of solvent) by MR épecti'oscopy sug~-
gested the presence of four products (four different methyl absdrp-
tions). Three of the components could be isolated from the mixture
by a combination of colmni'x chromatography and g.1l.p.c.and were idén-
tified as 2-bromo-1,4,5 ,6 R 7 s T=hexachloro=-3 -metihylbi cyelo[2.2.1]hepta-
2,5-diene (VIIZI), V and VI. The fourth compound could not be iso-
lated butwas tentatively "assign-ed' the strﬁctu.re 2-brom6-l,h, 5,‘6,7,'7-
heiachloro-3-methquuadricyclo[2.2.l.0.2’ 8037S]heptane (IX) by its
MR ebsorption at 1.43 p.p.m., the exact position, % 0.00S p;p.m.,

of the C—CHz in the photoproduct obtained by irrsdiation of VIIT.

A T -~ Cl Cl cl Cl
QL 1 L c1 o il
Br /
g 2
n(CHs)3M = Br + ﬂ Br 4+
eUH-LT2
Cl X
Cl : VIII
CHa ol vy o O Ny

cont.
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ca Cl ‘ CL Cl

c1 Cl o1 ol

c1 c
1 CHs 17 Domy VI

The yield of the four products based on the starting tin compound is
75%, and they are inthelapproximate»ratio IX:VIII:VI:V of l:l:i:é.

A rerun of this reacfion using rigorously purified reagents
and atmosphere yielded IX,VIII and VI inépproximately equal amounts,
but only traces of V;a compound with a peak at 1.30 p.p.m. in the NMR spectrum
was also present,but could ridf be identified. When the brominolysis
was carried out in chloroform (55 hr.), no protodestannation occurred
and the producté were IX and VIII in a 1:5 ratio; some starting ma-
terial was still present.

~In the broad spectrum of addition reactions of halogen halides,
and halogens, mechanistic discussion 1is freqﬁe;xtly complicated by
the simultaneoﬁs occurrence of polar and free radical reaction paths.
With hydrogen chloriae , however, radical ‘bgths are relatively unfavor-
able, due primarily fo the considerable energy of the H-Cl bond and
are not gene.ra_ully observed in addifions to olefins , even in'the preg=~

ence of radical initiators.®2 Accordingly, it is "reag‘sonable,- in

(22) For a discussion see E. S. Gould, "Mechanism and Structure in
Organic Chemistry," Holt, Rhinehart and Winston, New York,
1959, p, T730-6, and references contained therein.

light of the discussion above on the ‘mechanism of the C-8n cleavage,
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to interpret the protodestannation of IV as involving an initial
electrophillic attack of a solvated proton at C-2 followed by an

assisted cleavage of the C—Sn bond. This path of reaction may or

c1L C1
'cl E- - -c1®
Cl /
_,@—' Sn( CH3)3

C1

1 Ha

~ may not place a (partial) positive charge on the ring depending on
the timing of the C-Sn cleavage,but if it does,thié can apparentiy
océhr without rearrsasngement of the qnadricyclic skeieton, It must
be pointed out that fofmation of a positive charge at the 2-poéitidn
of a quadricyclene is not favorable as is the case with the T~-posi-

tion,23 where the charge 1s highly stabilized by interaction with

}

(23) The preparation and properties of the T-quadricyclic carbonium
ion are reported: P. R. Story and S. Fehrenholtz, J. Am ‘Chem.
Soc., 86 527 (196&)

the cyclopropyl rings (it is doubly cyclopropylcarbinyl). |

The low reactivity of the quadricyclic-tin bonds of IIT and IV
versus the corresponding olefin-tin bonds in I and II is interest-
ing. Since the percentage of s chéracter in the carbon orbitals

involved in the‘C—Sn:bbnds of IT and IV is quite simiiar%ﬁ ﬁhich

(2k) K. Tori, R. Muneyaki and H. Tanida, Can. J. Chem., 41, 3142 (1963).
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means that the 2-carbon has a similar electron density in both
systems, the diffe;énce in reactivity—is probably not due to a 4if-
ference in the rate of attack by the electrophile. The absence of
transanmilar reactions in the courée of C-Sn cleavage of II suggeéts
that,é carbonium ion intermedlate is not involved in this casé (see
ChapterlI aiscussion), whichkmight have dccounted for the difference.
The best explanation availsble, is that the transition state for the
C-Sn cleavage of iI is sf&biiized by‘an interaction of the electro-
phile with the x electrons of the Co—Cgz double bond,'without actual
bond formation and thé placement of charge on the fing. This probeably
implies tlat the C—Sn bond is nearly broken in the transition state.
_Nésmeyanov has offered a similar explanation for the Observed reten-
tion of configuration of B-chlorov1nylmercury compounds during C-Hg

heterolysis.

(25) A. N. Nesmeyanov, and A. E. Borisov, Tetrahedron Letters,
1, 158 (1957).

The stability of the C-C bonds in the deétannated quadricyclenes
V, VI and IX to attack by electrophiles (V also does not react with
bromine in carbon tetrachloiide at 30°) is in marked contrast to
the behavior of unhelogenated systems. The similar unfeactivity
of the highly halogenated norbornadienes (see Chapter 1) indicates

that in both systems this is the result of the chlorines' withdrawal
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of considgrable electron density fro@ the ring system. The extreme-
1y low field absorption, 2.81 p.p.m., of the ‘eyelopropyl hydrogen
in V is in agreement with this explanation (:ﬁqdeis suggest that the
deshieiding of this proton is not due to its proximity to one of the
chlorines). '

The occurrence of protodestannation as well as bromodesten-
nation in the reaction of IV with bromine raises the possibiiity
that radical és well as ionic pathways are involﬁed{ especially when
contrasted with the very "clean" results of cleavage by hydrogen |
chloride; This is not unreasonable in view of the reported difficulty
of suppressing radical chain reactions in the bromination of olefins,:
even in polar solvents when the reactions are rapidaa(in this case
t he medium is relativély nonpolar and the reactidi siow) and even

in the absence of impurities.®® Since nothing is known about chain

(26) M. L. Poutsma, J. Am. Chem. Soc., 87, 2172 (1965).

reactions involving C=-Sn linkage§7or about quadricyclic radicals,one

(27) Radical chain reactions involving aryl silanes have been pos-
tulated: L. E. Nelson, N. C. Angelotti and P. R. Weyenberg,
ibid., 85, 2662 (1963). C. Eaborn, I. M. T. Davidson, and
C. J. Wood, J.Organometal. Chem., 4, 489 (1965).

can only hypothesize that formation of V, VI andVill occurs by way
of a 2-quadricyclic radical as depicted below. The increase in the
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cL C1
Sn{CHj):
( 373 BI‘Q
c1
I €1 CHs
!
/ v
;B -
i c1 Cl _—
L ~ - ,
| C1 T
] 1 1 c1
I .
HBr | = )
Rt
— - L CH
| &,
/ Bro
/ HY HY
Wlm 1 cl Cl c1 CL
1 ,
C1 cl cl C1 €1
H H Br
Cc1 c1 Y
c1 " CHg Cl Mg Cl N\ cpg
v VI VIII

ratio of VIII to IX in the nonpolar solvent system (CHCls), the de-
crease in the yield of V when hydrogen sources such aé water and perox-
ides were removed from the solvent mixture and the observed st;bility
to isomerization of 1,2,3,4,7,7-hexachlorobicyclo[2.2.1]hepta-2,5=~
dienyl radicals (see Chapter IV) are in accordance with this’ hypo-

thesis.
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The irradiation éf 2-bromo-l,h,5,6,7,7-hexachloro‘-5-methylbicyclo[a.2.1]-
hepta-2,5-diene (VIII)-was carried out in an attempt to prepare an au-‘
thentic sample of' the corresponding quadricyclene (Ix) and to assess
the generality of the photoisomerization of highly halogenated nor-
bornadienes. The reaction conditions were identical to those used
in the irradiations of I and II. The course of the réaction was fol-
lowed by I\MR spectroscopy. After 17 hr. the spectrum consisted of
singlets at 1.92 p.p.m. (starting material) and 1.4 p.p.m. in the ratio
of 1.8:1; since the ratio did not change significaently in the next
18 hr., the irradiation was diécontinued. The absorption at 1.42 p.p.m.
‘is reasonebly assigned 'Eo the methyl group of IX by comparison
with the NMR spectra of related quadricyclenes (see ‘I‘ab‘le I).

Attempts to separate the-photbproduct from VIII by either column
chromatography or fractional crystallizatim were not successful.

Very’ strong evidence for the formation of the quadricyclene IX

(in addition to the absorption at 1.192 p.p.m. in the MMR) is given

by correlation of bands in the infrared spectrum of the irradiation
mixture with those in V,_ by the ultraviolet spectrum of a recrystal-
lized sample of the x;xixture (of known’rat:’i.o from MMR), which has the
seme maxima as an authentic sample of VIII but with the expected reduc-
tion in intensity, and by thermal conversion of the mixture to pure.
VIII.No satisfactory explanation can be given for the relatively

unfevorable photolysis of VIII compared with those of I and II.
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Attempts to effect photoisomerization of g—bis(trimethyltin)-
benzene were not successful. Reéent invéstigations into the photo-’
chemistry of aromatic compounds suggest that the isomeric Dewar bén—
zene, prismane and benzvalene compounds are formed, at least tran-
siently, in all cases ar.1d are sufficiently stablé to isolate in
systems where the benzene ring is destabilized by strong steric

interactions, and perhaps, in other cases as well.®®73! Tt was of

G e et

(28) E. E. van Tamelen and S. P. Pappas, J. Am. Chem. Soc., 8k4,
3789 (1964). ' ' '

(29) K. E. Wilzbach and L. Kaplan, ibid., 87, 4005 (1965)-

F F
b
F F g F
by

i

(30) I. Haller, ibid., 88, 2070 (1966).

(31)

== O-, M-, D-, di-t-butylbenzene

" (32)

*/
\
—
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(31) A. W. Brugstehler, P. L. Chen and M. O. Abdul-Rahman, ibid.,
86, 5281 (196k).

(32) K. E. Wilzbach and L. Kaplan, ibid., 87, 675 (1965); seealso
the more.recent papers by these authors, ibid., §§ 2067,

2881 (1966).

interest jthereforeyto see if a stable, nonaromatic isomer of QJBis-
(trimethyltiﬁ)benzene (XI) could be obtained by irradiation,or if
isomerization to the ofher aromatic isoﬁers woﬁld ocecur. Although
encouraged.by the successful phétoisomerization of organdmetallic-_
substituted norbornadienes (I) and (II), we were not optimistic in
this case becaﬁSe formation of ¢ radicels by C-Sn homolysis should be
energetically more favorsble than in I and II and should be furﬁher
encouraged by the.relief of strain in XI. . There was also the report
by Razuvaevf‘of the decomposition of diphenyldiethyltin upon irra-
diation to give phenyl radicals. | |
E&Bi?(trimethwltin)benzéne was irradiated under‘a variety of

conditions: in ether with quartz and vycor filters using both'loo‘
watt and 450 watt,high pressure, mercury lamps and in olefin-free
hexane with quartz and vycor filters,with both lemps. Extensive
formation of tars occurred in all cases and the bnly isolableﬂpro-’
ducts were starting material (XI) and varying amounts afrmenyitrimethyl-
tin 'examlnation of crude reaction mixtures by MMR spectroscopy and of
distillates of the reaction residues failed to indica@e the ﬁresence’

of any non-aromatic isomer or any m- or EAbis(triﬁethyltin)benzene.
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The formation of divalent tin compounds appears to occur during these
irradiations. Evidence for their formation are the orange and red
colors formed during the photoiysis and the decolorization of the reaction

mixtures with precipitatimn of an amorphous, high melt;ngC$550°) vhite

solid upon exposure to the atmosphere.33

(33) R. K. Ingham, S. D. Rosenberg and H. Gilman, Chem. Revs., 60.
k59 (1960).

The data described above étrdngly suggest that homolytic cleav-
age of C-Sn bonds is the major photochemical reactim of XI,under the
conditions investigated. These results are analogous to those ob-
tained with aryl iodides (thé energies,of‘d-l'and C-Sn bonds are simi-

lar, approximately 50 kal.),3% yhere photodissocation of the C-I

(3%) T. L. Cottrell, "The Strengths of Chemical Bonds, " Butterworths,
London, 1958. ‘

bond was,found to be a very favorable process.35

(35) (a) N. Kharasch and W. Wolff, J. Org. Chem., 26, 283 (1961); .
; (b) J. Kempmeier and E.Hoffmeister, J. Am. Chem. Soc., 8k,

3787 (1962)

In summary, it appears that photoisomerization of orgenometal-
lic compounds is,pbssible, even favoreble, in systems such as the vinyl

metals but is superceded by photbdissociation in other systems.
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The different susceptibilities of the C-Sn bonds in I or II and in XI to
homolytic cleavage cannot be explained at this time.' Sinée it v

is likely that the energies of vinyl-tin and eryl-tin bonds are simi-
lar, the increased reactivity of the éarbon-tin Eond iﬁ XY may be due

to theirelief of strain (see discussion in Chapter II). Neﬁman's

very recent study of the photochemistry of vinyl iodidés indicates,
however, that fatheraminof chaﬁges in the irradiation cénditioné and
molecular geometry markedly change the ratio of photoisomerization,
photoelimination, and photodissociation,‘éll of which seem to involve

different .excited-state intermediates.®® It is very likely that the

(36) R. C. Neuman, J. Org. Chem., 31, 1853 (1966).

excited states involved in the photoisomerization of norbornadienes

(apparently triplets ®) and of benzenes are extremely different.



EXPERIMENTAL

The discussion of experimental and analytical techniques in
the first chapter holds true for this section as well. In particu-
lar, it is reiterated that all reactions were carried out in moisture—

free flasks in an atmosphere of prepurified nitrogen.

Irradiation of 2,3-Bis (trimethyltin)-1,4,5,6,7,T-hexachloro-

bicyclo[2.2.1]hepta-2,5-diene (I): Formation of 2,3-Bis(trimethyl-

tin)-l,h,5,6,7,7-hexachloroquadricyclo[2.2.1.0?’§03’5]hep£ane (1I1)-

(II-AE-12; V-AE-15).

A solution of 3.09% g. (4.95 mmolé) of I in 300 ml. of ether
(Mallincrod£ anhydrous ether,freshly distilled from calecium hydride)
in a quartz flask equipped with magnetic stirring apparatus and a
reflux condenser was irradiated for 24 ﬁr. with a 100 watt, high ﬁres-
sure mercurq;external source, Hanovia lamp, maintained aldistance of
2 in. from the reaction vessel. An electric fan was used to preveht
local overheating. The course of the irradiation waé followed by
t.l.c. (silica gel-penténe). After only 3 hr. a new compound with
an Rf slightly lower than that of the starting material was the ma-
Jor cqmponent of the reaction mixture. A photostationary equilibrium
éppeared, on the basis of t.l.c., to have been reached after 17 hr.

Removal of the solvent in vacuo (30°/O.3 mm. ) ieft a brown oil
which was adsorbed on 2 g. of.silica gel and theh chromatégrayhed

ona 5 in, x 7/8 in. Sﬁlica Gel G column using pentane as the eluent;

-131-
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fractions of approximately 20 mi. were taken. A clean separation was
not obtained but the diene(I) was concentrated into the first few
fractions. A total of 2.145 g. (70%) of oils énd solids were eluted.
Fractional crystellization of the initial.fractions and recrystal-
lizatiom of the other fractions from pentane-methanol mixtures gave
1.389 g. (45%) of colorless crystals (no sterting material appears
in t.l.c.), m.p. 120-5° (dec.). Recrystallization from the same sol=-
vent gave, m.p. 136-9° (dec.). An analytical sample had m.p. 139=-
ke (dec‘).

The photoproduct had the propert;es expected for the Quadricyclene
III. The elementél analysis and molecular weight were the same as
for starting material. The ultraviolet spectrum consisted only of

end abéorption (see Table I),and there was no absorption in the

/

\ Stretching region of the IR spectrum. The infrared spectrum

Se=C
(c¢14)'and KBr) had bands at 2985(m), 2920(m), 1hoo(w); 1310(w),
1295(w), 1280(m), 1195(Ygpn.cy, sym.’ ¥)» 1180(s), 1175(s), 1145(m),
1045(w), 1030(m), 925(w), 900(m), 835(s), TT5(7gn-cHs rocks S):
720(m), 595(w), and 530 em™*(Ygn_cH, str. ™ ) _.
Anal. Calcd. fo& 013H;80183n2«(624,h); C, 25.01; H, 2.91;

Cl, 34.07. Found (G) (612.2)37: 'c,'25,08; H, 2,96; c;; 34.40,

(37) By osmometry in benzene by Mrs. N. Alvord of M. I. T.

Although the photoisomerization I - III is reproducible under
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the conditions described, irradiations for much longer times (42 hr.)
or with a more intense light source(9.5 hr. with a 450 watt, Hanovia,
high pressure mercury, immersion lamp) failed to yield isolable amounts

of the photoproduct (III).

Irradiation of 2-(trimethyltin)-;LAL5,6,Zﬂ—hexachioro-j-methyl-b

bicyclo[2.2.1]hepta-2,5-diene (II): Formation of 2-(trimethyltin)-

l,h,5,6,7,7-hexachloro;3-methquuadricyclo[2.2.1.0?’303’5]heptane

(IV) - (V-AE-29, 38).

The reaction was carried out.as described above.with 3.5h‘g,
(7.05 mmole) of II in 250 ml. of ether (freshly distilledAfrom Calz) -
The solution was irrediated for 22.5 hr. Removal of the solvent
in vacuo left a yellow oil which was examined by MMR (CCl4) and found
to contaln singlets at 2.0 p.p.m. (C~- CH3 ‘of starting material) and
at 1.33 p.p-m. in the ratio of 1:5.5,as well as absorption around
0.35 p.p.m. Thin layer chromatography (silica gel-pentane) indicated
a single major prdduct with an Re slightly lower than that of the
starting material. Column chromatography (silica gel - pentane)
yielded a total of 2.815 g. (85%) of crystalline s0lids and oils.
The starting materiél was concentrated info the first fraction (0.2839 g.).
Crystallization of the remaining fractions from the pentane-méthanol mixture
gave three crops, 2.105 g.; 6f colorless crystals, m.p. 6038° (t.l.c.
indicaﬁes tﬁat no stértinglmaterial is présent). An analytical sample

obtained by two recrystallization from the same solvent had m.p. Eli-

67.5°.
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The photoproduct had the properties exbected for structure
IV. The MMR and UV spectra are discussed sbove (see Table I).
The infrared spectrum {CCl,) had absorptions at 2980(m), 2925(m),
2860(w), 1550(v), 1hhs(m),'1380(w), 1360(w), 1290(v), 1275(w), 1215(sh),
1200(s), 1190(7Sn ~CHg sym.} s), 1175 (m), 1150(m), 1110(m), 1065(m),
1025(w), 9ho(w), 905(w), 8h5(s), 725(s), 700(m), 600(m), and 530
en” (Tgn-c str.; B)-

Anal. Caled. for CjjHinClgSn: C, 27.78; H, 2.5L4; C1, L4.T3.

Found (SMN): C, 28.08; H, 2.77; Cl, bb.82.

Irrediation of 2»Bromoi,h,5,6,7;r«hexachloroué:gethylbicyclo-

[2.2.1]hepta-2,5-diene(VIII) - (VI-AE-3).

Under conditions identical to those described above,1.2120 g.
(2.55 mmole) of VIII in 100 ml. of ether fresh can of Mallinerodt
anhydrous) were irradiated for 35 ﬁro A‘sample of 13 ml. was with-
drawn after 17 hr., the ether removed with a water aspirator.and the
residue exsmined by MMR spectroscopy. The spectrum (CCly) had singlets
of 1.96 p.p.m. (C-CHy of starting material) and at 1.4 f.p.m. in
the ratio 1.8:1; The irradiation was continued for an additional
18 hr. Examination of a -sample (after removal of solvent) by MMR
spectroscopy shoﬁed absorption at 1.96 p.p.m. and 1.42 p.p.m. in the
ratio 1.41:1. Since the system appeared to be neér to photoequilib-
rium, the irradiation was discontinued.'

An attempt was made to separate the mixture by column chrome-
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tography on Silica Gel G and on Woelm Alumina (neutral, activity 1).
However, all fractions contained starting matefial, as evidenced,
by absorption around 1600 cm‘lbin their infrared spectra. Attempts
to fractionally crystallize portions of the chromatography residues
from pentane-methanol‘mixtures were also unsuccessful.

Strong circumstantial evidence that the phtoproduct has the
structure 2-bromo-1,4,5,6,7,7-hexachloro®methylquadricyclo[2.2.1.02760375].
heptane (IX) was given by the absorption at 1.42 p.p.m. in the MMR
spectrum of the irradiatibn mixture, by correlation of bands in the
infrared spectrum with those of the related quadricyclene V (see
below), by comparison of the ultraviolet spectrum of the mixture with
that of pure starting material (see below) and by thermal conversion
of the mixture (On a g.l.p.c. columﬂ of 7.5% SE 30 on Chromosorb P
which was heated to 200° and had a He flow of 60 ml./min.} the Ry
was 25 min.) to the pure diene (VIII), identified by comparison of NMR

and IR spectra with those of an authentic sample.

Infrared Correlations (CClg)

Clea clL C1
cL Vv
‘ Cl Vi
Cl
g C
H
VIII Irradiation Mixture Cl Ha 1 CHa
1445 cm™?t 1445 cm=?1

1435 em=? 1435 1435 em™1
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VIII Irradiation Mixture v Vi
1380cm™1 1380cm™? 1390 cm™?t 1380 cm-?t
1365
1330 1330
1310 1305 1265
1250
1220 1225 1210 1205
1190 1195
1155 1155 1150 1150
Uitraviolet Spectra
VIII _ Irradiation Mixture *
Mpaye 22bmyu( € 4090) Mpse 22Mmu( € 3100)
Muaze 27Ty (e 3hd) Ash 27Tmyu(e 206)

* The MMR spectrum of the sample used for measurement of
tle ultraviolet spectrum had ebsorptions at 1.96 p.p.m.
and 1.42 p.p.m. with relative areas of 1.3:1. The
sample is, thus, 60% starting material and 40% photo-
product.

2-(Trim¢thyltin)-l,h,5,6,7,7nhexachloro-E=methquuadricycfo=

[2.2.1.0.280%’Shepta (IV), Brominolysis - (V-AE-32, 39; VI-AE-7).

A solution of 0.6234 g. (1.31 mmole) IV in 50 ml. of ether-metha-
nol (1:1 mixture of Mallincrodt anhydrous ether and Fisher reagent
methanol) was cooled to -20° and a solution of 0.225 g. (1.41 mmole)

of bromine (Mallincrodt analytical reagent) in 40 ml. of methanol
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added slowly, dropwise. The persistence of the bromine color in the
reaction mixtyre indicated that reaction was very slow at -20° and the
temperature was gradually raised to 30°. The remainder of the bro-
mine solution %as added and the reaction mixture stirred overnight

(~ 15 hr.).

Removal of the volatiles in vacuo (28-40°/0.3 mm.) left an oily
brown residue which was chroﬁatographed on a silica gel column using
pentane as the eluent. The final fractions of the éhromatography
were found to consist of a single compound (g-1.p.c. indicated a pu-
rity of greater than 85%),\ Distillation of these fractims yielded
&8 colorless liquid, b.p. ~ 55°/O,12 mm. The compound was identi-
fied as 1,2,3,h,7,7-hexachloro-§-meﬁhquuadricyclo[202.l°0?’603’sjm
teptane by spectral and elemental aﬁalysis. The MR and UV spectra
(see Tbble I) correiate with the spectra of other halogenated quadri-

2,8

cyelo[2.2.1.07 "03’S]heptanes. The compound, moreover, has absorp-

tion at 1.655y (6042 cm-1) in the near infrared (CClg), which is

characteristic of the 6-qpadricyélic hydrogen.37 The infrared spec-

(37) The isomeric diene 1,2,3,k4,7,7-hexachloro«5-methylbicyclo-
[2.2.1]hepta-2,5-diene (VI) absorbs at 1.645; and the quadri-
cyclene is expected to absorb at slightly higher frequency:

P. Gassmann and M. Hooker, J. Am. Chem. Soc,, 87, 1079 (1965).

trum (film) has bands at 3080(w), 2980(w), 2930(m), 2865(w), 1605(imp. ),
1445(m), 1380(w), 1325(m), 1505(1“): 1200(s), 1185(m): 1150(m), lllo’(s):
1075(sh), 1060(m), 965(w), 920(w), 89O(m)9 845(s), 830(m), 810(m),
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770(m), 695(m), 675(w), 655(w), and 590 cm™*(w).
| Anal. Caled.for CgHgClg: C,3071;H,1.29. Found(s):C,30.48; H,1.k2.
The remainder of the chromatography residuas,lo.299 g., Was ex; 
amines by g.l.p.c. (F and M isothermal at 222° and 60°ml./min. of
He using & 6 ft. x 5 mm. column of 7.5% SE 30 on Chromosrcb P) and MMR
spectroscopy. The MMR spectrum (CCly) had sbsorptions at 6.19 p.p.m.,
(4x, J = 2.2 c.p.s.), 2.81 p.p.m. (11), 2.0 p.p.m. {2X, J= 2.2 c.p.8.),
1.9% p.p.m., 1.42 p.p.m., and 1.35 p.p.m.; the four higﬁest field
(methyl) absbrptions‘are in.the approximate ratio Qf 1l:1:1:1. The
multiplets at 6.19 p.p.m. and 2.0 p.p.m. were readily assignable to the
vinyl and methyl protons, respectively, of 1,2,3,&,7,7~he£achloro~5~
methylbicyclo[2.2.1]hepta-2,5-diene (VI); the loweét boiiingvcomponn
ent in g;l.p.c. had an inffared spectrum identical with tﬁat of an
authentic sample of VI. The absorption at 1.94 p.p.m. could be as-
signed to the methyl gréup of 2-bromo-l,h,5,6,7,7-hexachloro~3~mefhyl-
bicyclo[e.2,1]hepta~2,5~d;ene CVIIIk'the highest boiling and major com=-
ponent of the gas chromatogreph had the correct melfiﬁg point,
98-100°, infrared spectrum and elemental analysis for VIII.
_l_x_rlg._l_._; Calcd. for CaHsBr016: c, 24.53; H, 0.77. Foﬁnd (s):
C, 2h.2k4; H, 0,7;5; |
The absorptions at 2.81 p.p.m. and 1.35 p.p.m. were assigneble
to the cycloprépyl and methyl;hydrogens, respectively,’of 1,2,3,4,7,7~

hexachloro-5-methquuadricyclo[2¢2.1ao?’ao?’s]heptane. The only
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unassigned Qbsorption was that one at 1.42 p.p.m.; this,however,

was the precise position of the absorption of the photoprodudt of VIII
and was tentatively assigned the structure 2=-bromo-1,4,5,6,7,7=-
hexachlorog3amethquuadficyclo[2020100?’303’5]heptane (1X)

The yields of V, VI, IX, and VIII were &pproximately 35%, 15%,

15%, and 15%.

The brominolysis of IV was rerun under rigorously anhydrous
conditions (Mallincrodt anhydrous ether from a fresh can and methanol
distilled directly from barium oxide). The purity of the starting
stannane was checked by NMR spectroscopyband the extént of the diene
impurity (II) was estimated as < 4%. The reaction vessel was covered
with aiuminum foil. Af%ér the complétion of the addition of the bro-
mine solution, the reaction mixture was stirred for 85 hr .Removal
of the solvent in vacuo and examinatia of the residue by MMR spec-
troscopy revealed the presence of VIII, IX and VI in the ratio of
2:1?1; only a trace of V wéé bresent (very weak signal at 2.8l p.p.m.)
and there was an absorption at 1.22 p.p.m. that could not be'assignm
ed. As a check on the assignment of the absorption of 1.42 p.p.m.
to IX the MR spectrum of a‘sample of the mixture obtained by ir-
radiation of VIII was superimposed and the absorptions assigned iﬁ
eaéh system to 2-bromo-1,4,5,6,7,7-hexachloro-3-methylquadricyclo-
[2.2.100?’303’5]heptane coincided exactly (within .2 c.p.s.).

In another experiment, 0.925 g. (1.95 mmole) of IV (no )C::Cf\

visible by IR) in 50 ml. of chloroform (Mallinerodt reagent, dried
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over anhydrous magnésium sulfate) in a dfy, nitrogen-filled f;ask
was treated with 2?07 mmole of bromine in 25‘111‘1° of chloroform.
The addition was started <t 0° but reaction was extremely sloﬁ at

this temperature and the reaction mixture wasrwarmed to room temperature
and the addition completed there. vThe reaction mixture weas,then,

- stirred for 2 days at the ambient temferature° Removal of the vola-
tiles in vacuo (trap-to-trap at é8°/0,5 mm. and then directly at
40°/0.25 mm.) left an oil which was examined by MMR spéctroscopy.

The spectrum (CCly) had pesks at 1.94 p.p.m.{IXT), 1.43 pop;mo (IX),
1.32 p.p.m (C—CHg of IV) and 0.36 p.p.m. (Sn-CHz of IV); the ratio
VIII:IX 2 IV was 3.5:1:1. Filtration of the reéction residue through

a short{ silica gel column using pentane as the elﬁent yielded 0.L448 g.
of oil (correspondszto an 11% recovery of starting material and

46% yield of brominoiysis products using tﬁe ratios obtained by NMR
speétfoscopﬁo Examination of the residﬁe by g.1l.p.c. (using COndiw.
tions identicai to those described above) indicated that it consisted of

a 10:1 mixture of VIII and VI, identified by their retentim times
and infrared spectra. The occurrence of VI is due to destannation and
rearrangement of the ﬁnreacted starting material (IV) on the g.l.p.c.
column. This was demonstrated by shootlng samples of IV on the
column and establishing the identity of the only high boillng com

ponent as VI by infrared spectroscopy.



-1k41-

2-(Trimethyltin)-1,4,5,6,7,7-hexachloro-3-methylquadricyclo-

[2.2.1.0228035 heptane (22),~Protolysis - (V-AE-52, 65; VI-AE=5).

A solution of 0.331 g. (0.696 mmole) of IV (shown by MMR to
contain 4 T 14 of the corresponding diene as impurity) in 30 ml. of
ether (fresh can of Mﬁllincrodt anhydrous) in a flask wrapped with
aluminum foll was treated, bver 1 hr., with 6 ml. of 0.6 N (3.6 mmole)
of methanolic-HCl (DuPont conec. HC} diluted with reagent methanol).
The feaction\mixture was,then,stirred for 41 hr., at the end of which

time, examination of the mixture by t.l.c. (silica gel-pentane) showed
that all of\the tin cémpound had reacted.

Removal of low boiling materials in vacuo (trap-to-trap and
then directly at 28°/0.5 mm.) left a yellow oll. This was neutral-
ized with sodium carbonate (solid), dissolved in carbon tetrachloride
and filtered. An MMR spectrum (CCly) of this crude reactiom mixture
showed singlets at 2.81 p.p.m. and 1.34 p.p.m. with re;ative areas
of 1:3 (A doublet was discernible at 1.91 p.p.m. (J = 2.2) with an
area of 0.0k relative to that of the absorption aﬁ 1°§u p.p.m.; this
is due to protolysis of the diene impﬁrity in the starting materialé.
Distillation of the residue with a micro-Hickman Still gave 0.153 g.
(70%) 6f colorless liquid, b.p.~55°/0.08 mm., the infrared spectrum
of which was identical to that of an éuthentic sample of 1,2,3,4,7,7-
hexachloro-5-methylquadricyclo[2.2.1.0.878035 heptane (V),witﬁ

the exception of a weak band at 1600 cm~' due to the diene impurity.
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In another experimént, a sample of IV contaihiﬁg 18% of the
isomeric diene was treated, under conditibns identical to those de-
scribed above, with one equivélent of hydrogen éhloride; Examina-
tion of the reaction mixture by t.l.c. (silica gel~-pentane) éfter
8 hr. indicated that sll of the diene (II) had reacted but tﬁat
most of the quadricyclic tin compound (IV) reméinedo After 71 hr.,
-an aliquot was withdfawn, the solvent removed and the resicue examin-
ed by MR spectroscopy; the ratié of starting material(IV)to destan-
n ated product{VI)was T:3. |

Under identical conditions & 5.2:2 mixture (by MR ) of IV and

the isomeric diene was treated with a three fold excess of methanolic
hydrogen chloride and stirred for 60 hr. Aftér neutralization and
reﬁovai of the solvent, the crude reaction mixture was examined by NMR
spectroscopy and found to contain the singlets at 2.81 p.p.m. and 1.3h4
p.p.m. characteristic of the quadricyclene VIII.and the quartet

at 6.19 p.p.m. (J = 2.2) and douﬁlet at 1.91 p.p.m. chafacterigtic

of the isomeric diene . The ratio ——b is 2.6:1 and D Clg is

Vil Vi-CH,
2.3:1 (or taking an average 2.45:1), very close to that of the

ratio of starting isomers,

A sample of V (containing 4% of the isomeric diene [VI]) was
injected onto a é,l,p°c° column which was ét a temperature of 200°
(F and M isothermal with injection temperature of 210° and detector

temperature of 215° and a helium flow of 60‘ﬁla/mino with a 6 £t. x 5 mm.
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column of 7.5% SE 30 on Chromosorb P). The chromatograph contained
a single peak with a Rp of 18 min.; a collected sample had an infra-
red spectrum identical with that of an authentic sample of the iso-
meric diene, 1,2,3,h,7,7whexachloro~3~methylbicyclo[2oeoi]heptaw2,5=

diene (VI).

2,%-Bis(trimethyltin)-1,4,5,6,7,7-hexachloroquadricyclo[2.2.1.0.280375]

heptane (III), Protolysis - (VI-AE-=12).

A solution of 0.298 goA(O°h77 mnole) of III (no‘>C==C< visible
in the infrared spectrum) in SO ml. of a 1:1 methanol-ether mixture
was treated,over 1 hr.,with 6 mmole of hydrogen chloride in 10 ml.
of methanol. The solution was,then,stirred for 66 hr. Removal of
the solvent in nggg left an oily residue which was examined by NMR.
The spectrum (CClg) hed absorftions at 3.23 p.p.m. 4 2.93 p.p.m.
and 0.31 p.p.m. with relative areas of 1:1:3:8; thefe was no absorption
in the region 5-7 ﬁbpemn Two distillations with a micro-Hickman
Still gave 0.085 én (60%) of colorless liquid, b.p. *~ 65°/0.1 mm.
The MR spectrum (CDCls) had a singlét at 2.97 p.p.m, and absérption
at 0.38 p.p.m. (either unreacted III or the product of a single
C-Sn cleavage), with relative areas of 3:2.

The absorption at 2.97 p.p.m. was thought to be due to the
quadricyclic hydrogens of 1,2,3,h,7,7~hexachloroquadricyclb[2u2010002’§03’5]~
heptane and the purity of the sample is estimated at 90% (assuming that

the 0.38 p.p.m. absorption represents at least 9 protons). The
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infrared spectrum (film) was in agreement with the structure VII,
consisting of absorptions at 3080(m), 2980(imp., w), é9h5(impo, w),
2900(imp., W), 2900(imp.,w), 1325(m), 1305(m), 1250(m), 1220(s),
1205(m), 1165(m), 1115(s), 1080(w), 1050(br., m), 990(m), 965(m),k
9k5(m), 900(m), 875(m), 835(s), 825(s), TT0(sh), T65(s), T20(w),
650(w), 590(s), and 560 cm~*(m). The absorptions between 1325 em™?
and 1165 cm=! appear to be characteristic of the highly chlorinated
quadricyclenes. A mass spectrum, although showing absorptions above
M*300, had the molecular ion, M*298, (C,HzC1l5®5C1§?; for VII and the
expected absorption of maximum i;itensify at M263 (C,HaC1435C1,37),
due to loss of the T-chlorine substituént and formation bf the rel-

atively stable T-quadricyclic carbonium ion.38?39

(38) Mass spectrum obtained by Dr. R. Siekman with a Hitachi RMU-
D; his assistance is greatly appreciated. '

(39) Quadricyclene, itself, shows a weak molecular ion and a very strong
ion at *C;Hy: Z. Dolejsek, Z. Hanus, and V. Prinzbach, Angew.

Chem., Tk, 902 (1962).

Irradiation of o-Bis(trimethyltin)benzene (XI).
Irradiations of dilute solutions of XI (conc. < 3 x 10~%) were

carried out under the following conditions:
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Solvent Fiiter Lamp Durationchrs (Expt. #)
1. ether (dist. CaHp) quaertz 260 W. 26 IV-AE-L45
2. ether " vycor 450 w. 22 IV-AE-58
3. hexane " 40 yycor 450 w. 18 ' V-AE-L-
4, hexane " quartz 100 w. 18 V-AE-T3
5. hexane " vycor 450 w. 3 VI-AE-8
6. hexane " vycor 100 w. 25 VI-AE-22

(40) The hexane was freed from olefins by repeated extraction with
HzS04(c) sthen,washed with water and dried,prior to distilla-
tion.

In each case,the‘solvent‘was removed in vacuo (30°/0.5 mm.) after the
completion of irradiation and the residue dissolved in carbon tetra-
chloride and examined by MMR spectroscopy. In no case was there any
absorption between 1.0~6°5 p.-p.m. The residue was distilied with

a Hickman apparatus and then examined by g.l.p.¢., if sufficient‘
material remained, or examined directly by g.l.p.c. if it did not.

In all cases there was only one component with a b.p. >250° (est.),
and its infrared spectrum was identical to that of starting material.
Significant amounts of phenyltrimethyltin were formed iIn all cases
(up tq}O% in run 5); it was identified by comparison of its reten-
tion time in g.l.p.c. and its infrared spectrum with those of an

authentic sample
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All of the reaction mixtures turned yellow immediately after
the onset of irrsdiation and became orange thereafter. On exposure
of these colored solutions to the atmosphere, they rapidly decolorized,
precipitating a fine, amorphoﬁs sﬁlid, ﬁ.p. $350°, The solid had
chéracteristic Sn-CHs absorptions in the infrared (KBr) at 2980 cm‘l,.

2920 cm=*, 1200 em~? and 77Q em™ 1,



CHAPIER IV

THERMAL DECQMPOSITION OF 2-METALLO-
1,4,5,6,7, 7T-HEXACHLOROBICYCLO[2.2.1]HEPTA~

2,5~-DIENES AND (_O_-HALOARYL)TRD&ETHYLTIN CQMPOUNDS



DISCUSSION
With the availability of a variety of B-haloorganotin compounds
from the reactions of various diene-bis(trimethyltin)acetylene Diels~
Alder adducts, it became possible to broaden the scope of our study of

the thermal reactions of these systems.l We were particularly

(1) D. Seyferth, C. Sarafidis and A.B. Evnin, J. Organometal. Chem.,
2, b1y (196&).

interested in seeing whether 2-metallo-3-helo-1,4,5,6,7,7-hexachloro-
bicyelo[2.2.1]hepta-2,5-dienes would react analogously to the o-ilodo-
(trimethyl)tin aromatic system and give coupled products. An alternate
possibility was that an intramolecular elimination of the metallic

halide would occur, generating hexachlorobicyclo[2.2.1]hept-2-ene-5-yne.
Although the unfavorable energetics of this system have already been dis-
cussed (see Chapter 1), thermal elimination of mercuric halide has
afforded a satisfactory route to several short-lived cycloalkynes which

could not be generated from the B-halolithium reagents at moderate tem-

peratures.
o g °
Q- R = Oy
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(2) G. Wittig and G. Kolb, Angew. Chem., T4, 479 (1962).
(3) G. Wittig and V. Wahl, ibid., 73, 492 (1962).

(&) G. wittig, J. Weinlich and E.R. Wilson, Chem. Ber., 98, 458 (1965).

Largely because of the excellent background provided by Wittig's
studies we chose to make a preliminary examination of the thermal de-
composition of bis(2-ﬁromo-l,h,5,6,7,T-hexachlorobicyclo[a.z.l]hepta-e,5~
dienyl)mercury (I). Heating I in the presence of tetraphenylcyclopenta-
dienone(cyclone) at 230° (3 hrs.) does not lead to the formation of &
Diels-Alder adduct of a bicycloalkyne but rather to a complex mixture
of perhalogenated organic compounds and mercuric halides. The identical
mixture of products is obtained when I is thermally decomposed in the
absence of cyclone. The mercuric halides were always isolated in > 50%
yield and were characterized by the formation of adducts with triphenyl-
phosphine, by precipitation of silver halide from methanolic silver

nitrate and by t.l.c.; it was demonstrated by elemental analysis that
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mixtures of mercuric bromide and chloride were present. The organic pro-
ducts of the reaction fall into two groups which are separable by frac-
tional sublimation. The volatile component (sublimes by 90°/0.03 mm.)

is a mixture of 2,3-dibromo-1,4,5,6,7,7-hexachlorobicyclo[2.2.1. Jhepta-
2,5-diene(II) and 2_-bromoheptachlorobicyclo[2.2.1. Jhepta-2,5-diene(III),
identified by a comparison of retention times in g.l.p.c. and of infrared
spectra with those of authentic samples. The ylelds of II and III are,
typically, 20% and 10%, respectively. The other group of products
appears to be a mixture of at least three similar,high-melting, yellow
compounds. Attempts to isolate the components of the mixture by a com-
bination of fractional crystallization, fractional sublimation and
column chromatography were partially successful. However, structural
assignments could not be made with any certainty for any of them. One

of the compounds, A, (m.p. ~ 240° with dec.) appears to be a perhalo-
genated aromatic system on the basis of its infrared and.ultraviolet
[ﬁ?{n 213 mu(€h500), A, 274 mp( €20000), and A, 343 mpy( €l000)] spectra

S
and its formation of a deep green complex with AlCls . An apperent

(5) N.D.Cheronis, Semimicro Experimental Chemistry, Hadrian Press,
New York, 1960, p. 145.

molecular formula of Ci14Clio (& high resolution mass spectrum suggests
a molecular ion, M 501.6834) and & rough similarity of its UV spectrum

to that of perfluorophen,an.threne6 suggests that it might be perchloro-

(6) D. Harrison, M. Stacey and J.C. Tatlow, Tetrahedron, 1893 (1963).
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phenanthrene, but this could not be confirmed. Another component, B,
had m.p. 296-9° and IR and UV spectra similar to those of A but an
elemental analysis corresponding to Ciy4ClyiBr.

The formation of the perhalonorbornadienes (II) and (III) and of
a mixture of mercuric chloride and bromidg is best explained by initial
homolysis of a C-Hg bond of (I) and subsequent radical reactions of the
fragments. The failure of tetraphenylcyclopentadienone to enter the
reaétion sequenée as either a hydrogen source or to trap a bicycloalkyne
indicates that the perchloronorbornadienyl radical reacts raﬁidly; Pro«
bably with an adjacent norbornadienyl moiety,and does not lose a bromine

atom to form a diradical (cycloalkyne) to a significant extent.

ClL Cl

" "
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to yellow compounds:
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Dimerization of two norbornadienyl radicals and subsequent reactions in-
volving destruction of the bridgehead” might be the source of the yellow

compounds described above.

(7) Cleavage of the bridgehead bonds in 1,2,3,4,7,7-hexachlorobicyclo-
[2.2.1]hepta-2,5-dienes generally occurs at 230-300° but might be
somewhat more facile here due to steric effects: H.M. Molotsky,
U.S. Pat. 2,946,817 (1960); C.A., 55, 5856 (1961).

The mechanism described above,which depicts an initial C-Hg homo-
lysis in I followed by a reaction within "a cage'; has a very strong
analogy in Razuvaev's studies of the thermal decomposition of diisopropyl-

mercurys and dicyclohexylmercury.9 Both of these systems decompose on

(8) G.A. Razuvaev, 0.N. Druzhkov, W.F. Zhiltsov and G.G. Pelukov,
Zh. Obschch. Khim., 35, 17k (1965); C.A., 62, 13168(1965)

(9) G.A. Razuvaev, G.G. Petukov, S.F. Zhiltsov and L.F. Kudryatsev,
Dokl. Aked. Nauk, S.8.5.R., Otdel. Khim. Nauk ,1l4k, 810 (1962);
C.A.,57, 151368 (1962) =

heating (100-210°) to give a mixture of the products expected from radical

reactions: RH, R-R, etc., where R is either isopropyl or cyclohexyl. 1In
neither case, however, was there significant interaction with the solvent
which was benzene or deuteriobenzene; almost no products with either
phenyl groups or deuterium were formed.

Radical reactions of vinylic organometallic compounds have been pos-

tulated previously'©’!! put proof for the formation of vinyl radicals

(10) A.N. Nesmeyanov and A.E. Borisov, Tetrahedron, 1, 158 (195T7).

(11) M.M. Koton, T.M. Kiseleva and N.P. Za elova, Zh. Obschch. Khim.,
30, 186 (1960); C.A., 54, 22h36e (1960).
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was not presented in those cases. The formation of cycioalkynes frém B-
halomercury compounds observed by Wittig's group>? 3’4 may, at’first sight,
appear to contradict a radical mechanism but theirwresults are very
reasonably interpreted as involving ?nitial C;Hg scission followed by
elimination of halogen and formation of the diradical‘(cycloalk&ne).
There is evidence for a‘tWO‘sﬁep formation of cycloalkynes in the work

of Kampmeier.la-

I ~ . ¢
ny. cyclone ‘O
I : NI ¢
{1!!!;} {!ii!} triphenylene

(12) J. Kampmeier and E. Hoffmeister, J. Am. Chem. Soc., 84, 3787 (1962).

In the case of I, elimination of a bromine atom to form the bicycloalkyne
is apparently so energetically unfavorable that it does not occur to any
extent. (See discussion in Chapter 1.)

If our hypothesis of a radical mechanism is correct, thermal
decomposition of organotin compounds analogous to I should give similar
results,with‘the possible exception that abstraction of a halogen, which
is favored in I by the geometry of the molecule,might be supplanted by

hydrogen abstraction.
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When 2-(trimethyltin)-3-bromo-1,4,5,6,T,T-hexachlorobicyclo[2.2.1]hepta-
2,5-diene(IV)was decomposed in the presence of cyclone,no Diels-Alder adduct
was formed,and the major product (51%) was 2-bromo-1,k4,5,6,T, T-hexachloro-

bicyclo[2.2.1]hepta-2,5-dlene (V),identified by comparison of NMR and

c1 c1 [ aa ]
o1 c1 | @ c1 __, C18n(CHs)s
Sn(CHg)a '33(033)4 — +
— BrSn(CHs)s
Cl
Cl
Br cil L
- -
Cl Cl1
— C1Cl ]
cl
c c1 cl
H
| _(cHo)osnx v
~ c1
C1 c1 B or cyclone v o1 Br

infrared spectra with those of an authentic sample. The occurrence of

V is difficult to explain by any sequence other than C-Sn homolysis to

form a 2-norbornadienyl radical.and its subsequentfabstraction of a
hydrogen from either a trimethyltiﬁ moiety or from cyclone.’-The litera-
ture affords an analogy both for the froposed homolysis of é vinyl=tin bond

and for the ability of MesSnX to act as a hydrogen source.®

O
Mea'Sn(CFs)%C(CFs)SnMes%’E: MesSn(CFs)C=C(H)CFs + MesSn + MesSn—SnMes

(13) W.R. Cullen, D.S. Dawson and G.E. Styan, J. Organometal. Chem.,
3, 406 (1965). :

Thermal decomposition of the analogous o-(trimethyltin)-1,k4,5,6,7, 7~

hexachloro-3-methylbicyclo[2.2.1]hepta-2,5-diene (VI) in the absence of
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cyclone resulted in the formation of the products of both hydrogen and
chlorine abstraction by an intermediate 2-norbornadienyl radical. The
occurrence of halogen abstraction in this case and not in the decomposi-

tion of IV possibly iﬁmlicates cyclone as a hydrogen atom donor in

1l ¢ @ a vo €l o1 vix
| c1 o1 c1
H c1
ﬂ’ Sn(cna)—?——%f-’:- + + (CHgz)aSnC1
Cl CHs Cl TUHs
51%
VI 12.8%

that case. In line with this hypothesis, thermal decomposition of VI in. the
presence of cyclone gave the same two bicyclic products but the ratio ..
VII/VIII had increased to 3.5:1. Decomposition of VI was also observed
in the course of g.1l.p.c. analysis. Injection of samples of either
VI or its quadricyclic photoisomer onto g.l.p.c. columns (coated with
G.E.'s Silicone SE-30) at about 200° resulted in the elution of complex
mixtures, the highest boiling component of which was VII, identified by
comparison of its retention time and infrared spectrum with those of
an authentic sample.

The observed stability of 1,2,3,4,T7, 7-i1exachlorobicyclo[2.2.l]-
hepta-2,5-dienes not substituted with tin or mercury further emphasizes

the role of the weak C-M bond in the thermal decompositions of I, IV and
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VI.lf This is dramatically demonstrated when the tin atom of IV is

(14) The bond dissociation energy (D) of the C-Hg bond in dialkylmercury
compounds is 40-50 keal.: T.L. Cottrell, "The Strengths of Chemical
Bonds", Academic Press, New York, 1954. The D's for alkyltin and
aryltin bonds are in the range of 68-78 kcal.: A.L. Yergey and F.W.
lampe, J. Am. Chem. Soc., 87, L2ok (1965).

replaced by silicon. The resultant 2-(tr1methylsilyl)-3-bromo-l,h,5,6,-
7,T-hexachlorobicyclo[2.2.l]hepta-Q,B-diene can be collected by g.l.p.c.
without any decomposition at a column temperature of 2250; the retention
time of the silane under these conditions is approximately 1 hr.

Although the data described above do not rigorously demonstrate the
intermediacy of e-ﬁorbornadienyl radicals in the thermal decomposition

of I, IV and VI,by the classical criteria of free radical chemistry, 1S

(15) Common criteria such as cumene participation and kinetics, would
be difficult to apply because of the high temperature and hetero-
geneity of these reactions and because of the apparent occurrence
of "cage" reactions.

the nature and distribution of the products can only be explained by such
intermediastes. Any doubts as to the existence of vinylic radicals have,
moreover, been dispelled by the unequivocal generation of these species

from classical precursors (peresters) by Ksmpmeier'® and by Singer.'”

(16) J. Kempmeier and R.M. Fentazier, J. Am. Chem. Soc., 88, 1959 (1966).

{17) L.A. Singer and N.P. Kong, Tetrahedron Letters, 2089 (1966).
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Vinyl metal compounds,such as those described abovegsare of no
synthetic utility as sources of free radicals but other unsaturated
organometallics might be useful in cases where classical free radical

precursors are more difficult to come by.l®

(18) One such area might be that of acetylenic radicals which have
recently been generated from the somewhat treacherous acetylenic
halides: A.M. Tarr, O.P. Strausz and H.E. Gunning, Trans.

Faraday Soc., 62(5), 1221 (1964).

Interpretation of the results obteined by thermsl decomposition
of aryltrimethyltin compounds, in particular those with a halogen ortho
to the trimethyltin, is more difficult than it is for the organometallic
substituted norbornadienes.  Qur initial expectation was that o-iodo-
(trimethyltin)be‘nzene systems would eliminate trimethyltin iodide and

19

form benzynes in a menner analogous to that observed with benzene™~ and

(19) G. Wittig and F. Ebel, Ann. Chem., 650, 20 (1961):

other aromatic system52’3 with mercury and iodine in the ggggg_positions.

' The similar thermal behavior of the C-Sn and the C-Hg bonds in I, IV and

VI and the absence of factors that would prevent elimination of a halogen

to form a diradical in this case made the expectation seem very reasonable.
We did not, however, observe this sort of reaction. Instead, our

initial studies indicated that thermal decomposition of o-iodo(trimethyltin)-

benzenes, or of mixtures of aryltrimethylﬁin compounds and atryl iodides,

yielded coupled products (biaryls) or the products of disproportionatioh

of the orgaenotin cdmpound.
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¢ + (CHs3)sSnI

Sn(CHa)a , 4 -—"—' )
Sn(CHa )3 4 ¢ | T7.4% "

"

"

; . " no aromatic
(5) @/S”(%)sﬁ X — product. "
' : isolated .
(6) n(CHS)a + N n(CHa)a + (%)451‘
2 ord
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Although comparisons among these data are somewhat hazardous in
view of the dissimiiar reaction conditions, it is evident that high
yields of coupled products where obtained only when the aryltinvcom-
pound was sterically strained (1-3). When it was not, eithgr a low
yield (L), ﬁo yield (5) or the products of diéproportion (6) were
obtained. )

The coupling reaction observed above bears & formal similarity
to the Ullmann reaction in which aryl halides (generally jodides) are
coupled under heterogeneéus conditions with a copper-bronze "catalyst"
at a teﬁperature of about 200°. It is unlikely in this case, as.it'

apparently is with the Ullmann reaction,2°.that,freé aromatic radicals are

(20) P. Fanta, Chem. Revs., 64, 613 (196k4).

involved,since the products of hydrogen and iodine abstraction do not generally
occur and since the coupling is positionally specific. Specific radical

displacements are not observed with aromatic radicalsal,alxhdugh such

(21) C. Walling, Free Radicals in Solution, Wiley, New York, 1957.

reactions are well characterized for halogen radicals and aryl halides®® and

have recently been reported for silyl radicals and aryl silanes.23
(22) B. Miller and C. Walling, J. Am. Chem. Soc., 79, 4187 (1957).

(23)(a) L.E. Nelson, N.C. Angelotti and D.R. Weyenberg, ibid., 85,
2262 (1963). : T
(v) C. Esborn, I.M.T. Davidson and C.J. Wood, J. Organometal. Chem.,
L, 489 (1965).
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Since free radical intermediates are unlikely, and free polar
intermediates are unreasonsble under the reactim conditions, the
best postulate of a reaction mechanism involves a complex of the aryl
tin compound and aryl iodide with the formation of the aryl-aryl

and the tin-iodine bonds in a roughly concerted manner. The polariz-

s
o

) I
"uulll" O

ability of both tin and iodine would facilitate such a reaction.

+ CHaSnI

The observed accelerating effect of the phenyl groups is, presumably,
due to a "loosening” of the C-Sn linkage because of the severe steric
interactions between phenyl and trimethyltin groups. Although complex
formation between such highly hindered species is not intuitively
attractive, Ullmann reactions of systems such as o-iodo~t-butylbenzene

proceed with facility.24 one appealing aspect of this hypothesis

(24) M. S. Lesslie and U. J. H. Mayer,J. Chem. Soc., 611 (1961).

is that it is very close to the mechanism generally proposed for the

disproportionation reactions of unsymmetrical organometallic compounds .25

(25) See, for example, R. E. Dessy, Y. K. Lee and J. Y. Kim, J. Am.
Chem. Soc., 83, 1163 (1961).
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Decomposition via two similar but competitive paths is a hyyothesis
that fits rather well with the data availsble. Extremely bulky
substituents, while favoring reaction, should preclude disproportione
ation and,accordingly,a high yield of coupled product is obtained
in (1-3). Electronic effects are more difficult topredict but dis-
proportionation should be encouraged by the removal of the aryl lo-
dide from the reaction mixture. ,

The few further examples:f thermal decompositions of aryﬁieri-
methyltin compounds that could be studied in the time available do
not permit a more rigid &efinition of the mechanism of the c oupling reac-

tion. They are, however, in accord with the hypothesis presented

above.
L B CL " g g + (Cﬂa)q,Sn‘
c1 Sn(CHa)s é O n(CHa)s + (CHs)aSnCl
230° X 50
Cl 1 % cl c1 25% . + %
ck ¢l XI + (CHo) 451
" telomer of
c1 Sn(CHg)a ——= opoor + (CHa) oSRCL
structure
c1 Sn(CHa)s
Sn(CHz)a

XIII
2
X Vo 1 20%

(cont.)
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+ Sn(CHs) - CHs) 4Sn
<\ / (CHg)n 4 (CHs)g
: o ¢
I
The formation of only disproportionation products in the ther-

mal decomposition of 1-(trimeth&ltin)-2,3,h, 5-tetrachlorcbenzene

(IX) would appear to emphasize the role of the wesk, highly polarized
aryl-iodine bond in the coupling reaction. In accordance with this
concept, heating IX with an excess of p-lodotoluene (210° for 22 hr.)
appears,on the basis of preliminary data, to give the coupling pro-
duct, 2,3,4,5-tetrachloro-4'-methylbiphenyl.

| The thermal decomposition of 1,2-bis(trimethyltin)tetrachloro-
benzene (XI), failed to yield an identifisble aromatic product.
A crystalline product was obtained, m.p. 362-7° (dec.). but an os-
mometrically determined molecular weight and an elemental analysis
indicate a highly complex, telomeric structure for the material.
As a check on the occurremce of free radical reactions » the crude
reaction mixtures were examined by MMR spectroscopy for aromatic hydro-
gens; none were present.

giIodo(trmethyltin)benzene (XII) is more stable thermally than

is its tetraphenyl analog which would appear to be good evidence
- for steric acceleration of the decomposition of 1,2-bis(trimethyltin)-
tetraphenylbenzene. Decomposition of XII by radical paths is ruled

out by the absence of phenyltrimethyltin and iodobenzene, the expect-
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ed products of radical decomposition, in the reaction mixture.
Characterization of the products of reaction was extremely difficult
due to their very high boiling points ( > 400°) and similar behavior
in ebsorption chromatography. Only the structure of the coupling
product is unambiguously esteblished.

(2-Iodo- 2'-biphenylyJtrimethyltin (XIII) was identified by
ite MR spectrum, and by elemental and mass spectral analysis.
The MR is particularly characteristic, consisting of a doublet
(J = 8. c.p.s.) with secondary splitting at 7.85 p.p.m. (1H), a
plex band 6.77 p.p.m.-7.6 p.pm. (TH) and a singlet at 0.04 p.p.m.
(9H) upfield from tetramethylsilane. The low field aromatic absorp-
tion is analagous to that of the 3-hydrogen in 2-iodcbiphenyl which
appears at 7.8 p.p.m. (J = 8 ¢.p.s.). The trimethyltin absorption
appears at the same place as 1t does in (aabiphewlyl)trimethyltin.
| 'i'he mass spectrum shows a wesk moleculasr ion peak, M*L41l, (CisH155n*201)
and a very strong stannonium ion resulting from los.s of a ﬁetiwl group
(M*428; C14Hs5n22°1), which is in complete agreement with the frag-
mentation expected for this molecule on the basis of Glockin‘g.'s studies

of arylalkyltin compounds.26

(26) P. B. Chambers, F. Glocking, J. R. C. Light and M. Weston, Chem.

The presence of bis(o-lodophenyl)dimethyltin (XIV), the pro-

duct of disproportionation of XII, in the reaction mixture has not
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been unequivocally established, as an analytical sample could not be
obtained. (It is inseparable from XII by column or thin layer chro-
matography and could not be isolated in pure form by g.1l.p.c.)

Its presence is implied by the following data. Chromatography frac-:
tions free from starting material (by t.l.c.) show two peaks by
g.l.p.c. and two kinds of Sn-CHs absorption in the IMR spectra. The
high field absorption at + 0.0k p.p.m. is due to XIII,and the lower
field pesk, 0.8 p.p.m., occurs at the same place as the protons

in bis(2,3,4,5-tetrachlorophenyl)dimethyltin (X). Treatment of these
same fractions with excess HC1l results in the formation of 2-‘iodo-;
biphenyl and iodobenzene, the expected cleavege products of XIII

and XIV, respectively, in approximately equal amounts.

The thermal behavior of o-iodo(trimethyltin)benzene XII and its
mercury analog, bis(o-iodophenyl)mercury, XV® appear to be quite
different. Under identical conditions, XII is relatively stable and
gives a low yield of coupling and disproportionation products and
XV decomposes to triphenylene (31%). The intermediacy of benzyne
in the ;é‘bi;mation of triphenylene was not established in that case for
XV,although it was (by trapping experiments) in the gas phase thermal
decomposition and the photolytic decomposition. Dessy has reported

that bis(perchlorophenyl)mercury is "stable" up to 383°27 which sug-

(27) F. E. Paulik, S. I. E, Green and R. E. Dessy, J. Organometal.
Chem., 3, 229 (1965).
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gests that the observed thermal decomposition of XV at 230° is initiat-
ed by dissociation of the C-I bond; this is probably the case in the
photodecomposition of XV(by analogy to Kampmeiers results?®). If

this were so, XII and XV would be expectedrto behave more gimilarly
than they do. It is possible that XV forms tfiphenylene by consecu-

tve coupling resction®® and that coupling of XII fortuitously stops

(28) Triphenylene is not the product of trimerization of benzyne,
or of reaction of benzyne with biphenylene: R. D. Bartle,
H. Heeney, D. W. Jones and P. Lees, Tetrahedron, 3289 (1965).

at an earlier stage (XIII) due to steric and energetic considera-
tions. All of this is in marked contrast to the similar and epparent-
1y homolytic decompositions of 2-(trimethyltin)-}-bromo-l,h,5,6,7,7-
hexachlordbicyclofa.z.l]hepfa-a,5-diene and bis(2-bromo-1,%,5,6,7,7~
hexachlorobicyclo[2.2.1]hepta~2,5-dienyl )mercury. |

The greater thermal stabllity of the aryl-tin bond, on the one
hand, and the greater photolytlic stebility of the perhalonorborna-
dienyl-tin bond, on the other, also raise questions which cannot be
answered at present. Clearly, factors other than the dissociation
energies of the C-Sn bonds in these systems (the difference is cer-
tainly less than 10 kcal.) are involved in determining this dichotomy
in their behavior. However, the difficulties inherent in attempts
to relate the photochemical behavior of molecules to their behavior

when energy is introduced by different means (thermally, or by electron
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impact, smong others) are enormous, even in much simpler systems.2®

(29) see, for example, N. J. Turro, D. C. Neckers, P. A. Leermakers,
D. Seldner and P. D'Angelo, J. Am. Chem. Soc., 87, 4097(1965).

The organometallic systems discussed above, which display the whole
spectrum of behavior under these various conditions, would obviously
be a fruitful area for studying such relationships. At the same
time, they indicate the complexity of the problems involved in such

a study.



EXPERIMENTAL

The discussion of experimental and analytical techniques in
the first chapter holds true for this section as well. In particu-
lar, it is reiterated that all reactions were carried out in moisture-

free flasks, in an atmosphere of prepurified nitrogen.

Bis(2-bromo-1,4,5,6,7, 7-hexachlorobicyclo[2.2.1]hepta-2,5-

dienyl)mercury (I), Thermolysis - (IV-AE-b,9; V-AE-21).

A dry, 50 ml. round bottomed flask was equipped with a subli;
mation apparatus and charged with 3.0485 g. (3.19 mmole) of I. ?he
apparatus was evacuated (90°/0.05 mm.) for 3 hr. and, then, filled
with nitrogen. The reaction vessel was rapidly heated to 225° with a
silicone oil bath and maintained at that temperature for 3 hr. Some
white crystals sublimed onto the cold finger during the thermolysis.

Sublimation (90°/0.05 mm.) of the reaction mixture yielded
1.0592 g. of off-white crystals. 'The residue was sublimed (150°/
0.02 mm.) and yielded an additional 0.533 g. The sublimates were
combined and extracted with carbon tetrachloride. The component
insoluble in carbon tetrachloride, 0.5968 g., melted with decompo-
sition at 220-50°. 1In a previais experiment conducted in an identi-
cal manner, this component was shown to be a mercuric halide by com-
parison of Rps in t.l.c. (silica gel-benzene) with authentic samples,

by formation of a complex with triphenylphosphine® and by formation

(30) R. C. Evans, J. Chem. Soc., 1209 (1940).

©167=~
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yellowswhite precipitate with methanolic silver nitrate. A
portion of the material was resublimed and submitted for elemental
analysis.

Ansl. Caled. for HgBre, HgClz: Hg, 63.5; Hal., 36.5. Found
(8): Hg, 64.0; Hal., 37.h.
If a one to one ratio of mercuric bromide to mercuric ehloride is
assumed, the yleld of mercuric halide is 60%.

The portioh of the sublimate that was soluble in carbon tetra-
chloride (0.996 g., by differenée) was exsmined by g.l.p.c. (F and
M isothermal at 210° using a 6 ft. x 5 mm. column of 7.5% SE 30
on Chromosorb P) and found to consist of two major components end treces
of & third. The two major components were identified at 293;dibromo«
l,h,5,6{7,7~hﬁxachlorobicytlo[2,2°l]hepta;a,5~diene (1II) and 2-bromo~
heptachlorobicyélo[g.eal]hepta«é,Sodiene (III), by comparison of
retention times and infrared spec%ra‘(collected samples) with the
authentic materiéiso The yields of iI and III were O°753 mmole (23.9%)
and 0.379 mmole (11.9%), respectively, on the basislof guantitative
g:1l.p.c. usiné l«chronaphthalene as an internal standard and correcting
for the mnlaf responses.

The residue from the sublimation was dissolved in 75 ml. of
benzene, ddéorbed oh a few‘érams‘of‘silica gel and filtered through
a column of siliea Gel G using pentane (1 1.) as the einent,i The
residue from the chfﬂmatogr&phﬁ@ 0.493 g. o?foranéé~£an crystals, was

fractionally cfyﬁfgllized from benzene. The first two crops, 0.071 g

[
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of yellow crystals, were recrystallized twice from benzene to give
yellow needles, B, m.p. 296-9° (dec.). The compound absorbed in the
ultraviolet (CHeClz) at A_ (€ 21,000) and A 356mu(e 4,600),3"

(31) A molecular weight of 600 was assumed for the calculations.

The infrared spectrum (KBr) had bands at 1625(m), 1520(s), 1260(m),
1160(s), 1080(m), 935(m), 800(w), 785(m), T20(s), 655(s), 620(m),
570(#), 555(m), and 510 em Y(w). A structure could not be assigned
to the compound.

Anal. Found (S): ¢, 26.40; C1, 61.90; Br, 11.87. Caled. for
C14Cly1Br: C, 26.66; Cl, 61.Lk4; Br, 12.52.
Addition of hexane to the mother liquors ylelded golden crystals which
were repeatedly recrystallized from benzene-hexane mixtures. Material
mélting sharply could not be obtained. A sample of the yellow needles,
A, m.p. 235-45° (dec.), had an infrared spectrum similar to thet éf B.

The possibility that some products might have been lost in the
chromatographic filtration of‘the sublimation residue was excluded
by the fact that in another éxperiment, conducted in an identigal MmAn~
ner but worked up entirely by fractional sublimation, an analogous
mixture of yellow compounds was isolated.

In another experiment under the same conditions, a sample of
the yellow compound, A, m.p. 239-44O, was isolated and analyzed by

high resolution mass spectrometry.3 The strongest peak in the
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mo—

(32) 'The spectrum was obtained with the assistance of Mr. John
Hayes, of M. I. T., whose help is greatly appreciated.

spectrum océufred at M*521.6834 and corresponds to C14C1g35C15%7;
there were no ions of any imPortanée above this. Other favorable
ions were identified as‘€14;15, ;14214, ;17014, and 57013.

An attempt to oxidize a sample of A with‘fuming‘éulfuric acid
(3 hr. at 90°) yielded a yellow solid, m.p. ~ 250° (dec.), which
showed carbonyl absorption in the infrared spectrum (7o, 1730 em=1),
but which could not be purified. Under identical conditions, perfluoro-
phenanthreng,was converted to perfluorophenanthrone.®

When an intimate mixture of 0.5752 g. (0.602 mmole) of I and
0.4594 g. (1.195 mmole) of cyclone (Aldrich reagent), was heated
at 225° for 2.5 hr., under comditions described above, the decompo-
sition of I appeared to follow a similar course. During the reac-
tion, white platelets condensed on the unheated sides of the flask and,
after thoiough washing with carbon tetrachloride, 0.086 g., m.p. 228-
35° (dec.) was obtained; the material gave a white precipitate of
silver hslide when treated with methanolic silver nitrate. Subli-
mation of the reaction mixture (60°/0.2 mm.) ylelded 0.1257 g. of

oily crystals; the sublimate consisted of two components on the ba-

sis of t.1l.c. [silica gel-pentane (4):benzene (1)], one with a Very
low Rp (HgX2) and one (later identified as a mixture of II and III)

with an Rf =~ 1.0. The residue from the sublimation was chromatographed
‘ R i ’ ‘ '
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on alumina (Woelm, neutral, actiyity 1) using pentane (}):beﬁzene(l),
pentane(e):etherh(l) and ether as eluents. The first few fractions
contained 0.0802 g. of yellow microcrystals and only traces of black
oils and solids were eluted thereafter. The yellow solids formed

-a deep green complex when warmed with freshly.subliﬁéd aluminum chlor;
ide.5 The infrared spectrum (KBr) showed no absorption in the C-ﬁ
stretching region. The wltraviolet _siaectrum(EchH)31 had Amax 213mu

(elt5,000), Mmax 274 mu(e 20,000) and Amax 343mu(e 4500).

Thermolysis of 2-(Trimethyltin)-3-bromo-1,4,5,6,7, 7T-hexachloro-

bicyclo[2.2.1]hepta-2,5-diene (IV) in the Preéénce of Cyclone (V-
AE-28). |

A 25 ml.,pear-shaped flask was charged with 0.951 g. (1.76
mmole) of IV and 1.355 g. (3.53 mmole) of cyclone which were inti-
mately mixed. The flaskbwas attached via glass connectioné to a trap
cooled to ~75° with a Dry Ice-acetone bath and to a vacuum pump. |
The entire apparatus was then evacuated to 0.0k mm. and filled with
nitrogen three times. With the~apparé¥us under a positive pressure
of nitrogen, the pot was gradually (4 hr.) heated to 205.° After
2 hr. (bath temperature of 150°), a colorless distillate formed and
a vacuum (30 mm.) was applied to facilitate its removal. After the
completion of reaction a trap-to-trap (80°/0.04 mm.) and direct dis-
tillation (110°/0.03 mm;) were preformed. Analysis of the‘distillate

by g.1.p.c. (F and M. programmed run 76°-220° at 10°/min. using
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a 6 ft. x 5 mm. column of 7.5% SE 30 on Chromosorb P) indicated the
presence of three components. These were identified as friﬁgthylfin
chloride, trimeth&ltin bromide and 2-bromo-1,h,5,6,7,7-hexachl§robicyglof
'[2.2.1]hept342,5-diene'(V) by comparison of retemtion times and
infrared spectra with'those of authent;c samples. Yields were cal-
culated using mesitylene as aﬁ internal standafd and cbrrect;ng for
molar responses, and were found to be: 'trimethyltih chloride, 0.1;8
mmole (6.7%), ﬁrimethyltin bromide, 0.041 mmole (2.3%), and 2-brcmo:
1,&;5,6,7,7-hexachlordbicyclo[2.2.l]heptae2,5-diene, 0.131 mmole.
Column chromatography of the residue from the distillation on silica
gel using penfane,as the eluent gave 0.4549 g. of light yellow oil
which hed a single sbsorption in the MMR spectrum (CCl,) at 6.75
p.p.m. Distillation with a Higkman Still yielded 2.90 g. (0.761
mmole) of a light yellow liquid,b‘b.po 60°/0.05 mm., whose infrared
épectrum was identical to that of authentic 2-bromo-1,%,5,6,7,7- |
hexachlorobicyclo[2.2.1]hepta-2,5-diene (V). The yield of V was
0.898 mmole (514). |

_Thermal Decomposition of 2-(Trimethyltin)-1,4,5,6,7,7-hexachloro-

3-methylbicyclo[2.2.1]hepta-2,5-diene (VI) - (VI-AE-10).

Under conditions identical to those described above for the
reaction of IV, 1.4453 g. (3.03 mmole) of VI was heated at 230° I 5°
for 4 hr. After cooling to rooﬁ temperature, the reaction mixture was

distilled directly at 30°/0.07 mm., volatile components being trap-
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ped at -75°. Analysis of the distillate by quantitative g.l.p.c.

(F and M isothermal at 110° apd 60 ml. of He/min. using a 9 ft. x
5 mm. column of 7.5% SE 30 on Chromosorb P) with toluene as &n internal
standard and correcting for the molar responses indicated the formation
of 1.54 mmole (51%) of trimethyltin chloride, identified by compa-
rison of its retentibn time and infrared spectrum with those of an
suthentic sample.

The distillation residue was dissolved in ether and examined DY thin

layer chromatography (silica gel-pentane); a component with the -
seme Rp as the starting material but different appeafance was pres;
ent,and there was also a yellow spot of lower Rp. A column filtra-
tion was utilized (8% in. x 7/8 in. column of silica gel with 500 ml.
of hexane and 250 ml. of hexane (2):benzene (1) as the eluents) to
purify the mixture sufficiently for g.l.p.c. analysis. The residues.
from chromatography, 0.51 g. of yellow oil, were examined by MR
spectroscopy (CClg) and found to contain 1,2,3,k4,7,7-hexachloro-3-
methylbicyclo[2.2.1]hepta-2,5-diene (VII) (characteristic quartet
at 6.2 p.p.m. and doublet at 2.0 p.p.m.), as well as a compound which
absorbed at approximately 1.98 p.p.m. and smaller amounts of materials
absorbing af 2.59 p.p.m. and 4.1 p.p.m. The two major components
were identified by comparison of retention times in g.l.p.c. (F and
M isothermal at 200° and 60 ml./min. He on 8 6 £t. x 5 mm. column of
7.5% SE 30 on Chromosorb P) and infrared spectra(of collected sample)

with those of authentic samples as VII and heptachloro-3-methylbicyclo-
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[2.2.1]hepta-2,5-diene (VIII). Their yields were calculated as

0.384 mmole (12.6%) and 0.179 mmole (5.8%), respectively, by quan=-
titative g.l.p.c. using l-chldronaphthalene as a reference and cor-
recting for molar responses. Smaller amounts of two higher boiling
components (28 min. and 39 min. -vs- 14 min. for VII and 19 min.

for VIII) were also present. The infrared spectrum (collected sample)
of the compound with a Rp of 28 min. suggests that it has & carbon
skeleton similar to that of VII and VIII, and is possibly a dimer;
there was,‘howevér, insufficient material for a structural determina-

tion.

1-(Trimethyltin)-2,3,4,5-tetrachlorobenzene (IX), Thermolysis -

(V-AE-23).

In an apparatus identical to that used in the thermolysis of

IV, 0.9682 g. (2.60 mm'oie) of IX was heated at 230° f 5° for 3 hr.
During the thermolysis a few microliters of a colorless distillate
collected in the trap; g.l.p.c. analysisbofthis indicated the pres~
ence of two components. The volatile products were identified as
tetramethyltin and trimethyltin chloride by comparison of retention
times and infrared spectra with those of auxhehtic samples.
Sublimation of the residue (60°/0.03 mm.) yielded 0.4728 g.
(1.28 mmole) of starting meterial (IX), m.p. 62.5-7°: The sublima-
tion residue was dissolved in hexéhe and crysfallization was induced

by additions of methanol and cooling. Three crops were obtained,
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0.189 g. in all, m.p. 130-40°. Two recrystallizations from ether:
methanol solutiéns gave colorless crystals, m.p. 140-141.5°.°

The compound was identified as bis(2,5;h,S-tetrachlorophenyl);
dimethyltin by its MMR spectrum and elemental analysis. The MMR
specfrum (CCl4) consisted of singlets at 7.30 p.p.m. (Ar-H) and
0.75 p.p.m. with relative areas of 1:3.1 (expect 1:3). The infrared
spectrum (CCl,) had absorptions at 2965(w), 29ho(w),?1600(w), 1510(w),
1380(s), 1320(s), 1295(w), 1240(w), 1190(7gn_cH, str.s ®)» 1175(v),
1150(m), 1070(7gy_gpyys ®)s 880(w), 845(m), 710(W), 635(m), and
530 cm™*(7gn-CHastr.; V). The UV spectrum (EtCH) consisted of
Max 21lmp(e ils,oco), Mmay 238mu(e 30,000), Ash 275mu(e 700), Amax
28hmyu(e 830), and Agax 293mu(e 230); the maxima are essentielly
identical to those of the starting material (see Chapter I) and
the extinction coefficients are about twice as great, as expected
for bis(2,3,h,S-tetrachlorophenyl)dimethyltin.

Anel. Caled. for Cy HgClgSm: C, 29.06; H, 1.39; Cl, 49.01.

Found (SMN, G): C, 28.81; H, 1.42; C1, 48.66.

1,2-Bis(trimethyltin)tetrachlorcbenzene (XI), Thermal Decom-

position-(V-AE-40).

Using an apparatus identical to that described above, 1.089 g.
(2.01 mmole) of XI was heated at 230° t 5° for 4 hr. During the
reaction a colorless distillate, 0.268 g., collected in the trap.

Exemination of the distillate by quantitative g.l.p.c. (F and M
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isothermal at 90° and 60 ml./min. of He using a 9 ft. x 5 mm. column
of 7.5% SE 30) employing toluene as an internal standard arnd correct-
ing for the molar responées indicated that tetramethyltin and tri-
methyltin chloride (identified by comparison of retention times and
infrared spectra with those of authentic samples)-had been formed to
the extent of 0.563 mmole and 0.716 mmole, respectively.

Extraction of the residue with ether gave a yellow sclution and
left 0.215 g. of a colorless powder,:m.p.r363-8° (dec.). The ethereal
solution“waé concentrated and examined by\NMR spectroécopy (CCLy);
there was no absorption evident in the region 6-8 p.p.m. Examina-
tion of this material by t.1.c. (silica gei-péntane) indicated that,
at least, 5 ccmpounds;including starting'material, were present.

The ethér-insoluble powder was.recrystallized twice from hot benzene
and gave 0.165 g. of colorless microcrystals, m.p. 361-7; (dec.).

The infrared speétrum (KBE) consisted of absorptions at 2990(w),
2920(w), 1625(m), 1495(w), 1330(s), 1205(m), 1270(s), 1205(w), 1195
(78n-CHs sym.; W), 1175(m), 1145(s), 1110(v), 1060(7gn_ary1s 5)s
835(s), 820(s), T80(Ygn-cHg rocks 5)» T25(W), 635(m), 585(m), 570(%),
540 (78n-CHgs 8), and 530 em™*(7g, op 3 W)-

The elemental analysis and molecular weight do not agree with
those of either possible dimer of starting material and the osmometric
moleculsr weight indicates a much more complex structure.

Anal. Caled. for coupled product: CzoHe4ClaSng (M. W. 90k):

¢, 26.56; H, 2.13; Cl, 31.37. Anal. Calcd. for product of disprop.:
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Co1Ho7Cl,Sng (M. W. 883): ¢, 28.54; H, 3.08; Cl, 28.09. Found

(M. W. 1850)3%: ¢, 28.55; H, 2.99; "c1, 37.27.

(33) By osmometry in benzene; the Galbraith Laboratories.

o-Todo(trimethyltibenzene (XII), Thermal Decomposition -

(V-AE-17, VI-AE-17).

Using an apparetus identicel to that employed in the thermal
decomposition of IV, 4.241 g. (11.3 mmole) of XII was heated at
235° t 5° for 3.5 hr. A colorless distillate collected in the Dry
Ice-acetone cooled trap during the reaction. The system was cooled
to room temperature and a trap-to-trap (30°/0.1 mm.) and direct
distillation (50°/0.1 mm.) carried out. The distillate, 0.547 g.,
was examined by NMR spectroscopy (CCly) and found to contain only two
absorptions, 0.85 p.p.m. and 0.08 p.p.m. with relative areas of h:1;
the positions of the sbsorptions corresponded exactly to those of
trimethyltin iodide and tetramethyltin (A solution was prepared from
authentic samples). No phenyltrimethyltin,(gga at 0.3 p.p.m.) or
fodobenzene appeared to be present; this was confirmed by analysis
of the distiliafe by g-1.p-.C. No attempt was made to determine
the ylelds of the volatiles by g.1l.p.c. since previous attempts at,
quantitative g.l.p.c. with trimethyltin iodide had been unsuccess-

ful. Using the ratios obtained by MMR spectroscopy the yields of
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trimethyltin iodide and tetramethyltin are 1.56 mmole (27 6%) and
0.389 mmole (6.8%), respectively

The distillation residue was examined by t.l.c. (silica gel-
pentane) and found to contain a major component with Rp identical
to thaf of starting material. Four products, all w;th lower Res,
\wefe also evident, the major product being that one with fhe highest
Rp after starting material. Fractionation of the residue bylshort
path distillation was performed; nothing distilled as the tempera-
ture was slowly raised from 30-90°/7 mm. The pot was, then, cool-
ed and the distillétion continued at 0.1 mm.; a distillate of 1.369 g.
(b.p. 80°/0.15 mm.-91°/0.08 mm., nf® 1.6072; nZ° of starting mate-
rial is 1.6031) was obtained. Examination of the distillate by t.l.c.
indicated that it was nearly pure starting material, accompanied Ey
a8 few percent of the compound with next highest Rep.

The residue from this distillation was then chromatographed
ona 7 in. x 7/8 in. column of Silica Gel @ using hexane (Fisher
reagent) as the eluent. Initial fractions contained 0.474 g. of start-
ing material, pure on the basis of t.l.c. The remaining fractions,
which contained mixtures of the products of lower Rp and some start-
ing material, were rechromatographed under similar conditions with a
longer column. The initial fractions from the second chromatography
- contained 0.112 g. of Starting material [total recovery of starting
material is 1.955 g. (47.2%)]. Intermediate fractions, 0.75 g.,

contained less than 10% of starting material on the basis of t.l.c.
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Examination of various fractions by NMR spectroscopy (CCl,) showed
obsorption at 7.6-7.95 P.p.m. 6.8-7.4 p.p.m., 0.8 p.p.m..and +0.04

‘p p.m., with relative areas of approximately 1:5:2:4, Examination

of these fractions by g.l.p.c (F and M isothermal at 230° and 60 mlL/
min. of He using a 6 £t. x 5 mm. column of 7.5% SE 30 on Chromosorb
P)vrevealed the presence of two products (Res of 10 min. anﬁ 33 min, )
and small amounts of sterting material (Rg 7.5 min.). The highest
boiling end major product (estimated yieldﬁis»ls-QO% based on MR spec-
tra and g. lvp‘c data) wes collected by g.l.p.c. repassed and, then,
distilled with a micro Hickman Still, b.p. ~ 100 /O 02 mm. The
compound has the properties expected for (2-iodo-2'-biphenylyl)tri-
methyltin.. The infrared spectrum (film) had sbsorptions at 3165(sh),
3050(m),v2975(m),f29l§(m), 2850(w), 1950(w), 1915(w), 1800(w), 1680(W):
1585(w), 1555(w), 1495(w), 1450(s), 1430(m), 1260(w), 1250(w), 1200(w),
1190(7Sn-CHg sym.5 ¥)» 1160(w), 1110(w), 1080(w), 1075(rgn-ary1; W),

1050 (W) ’ 34 1020 (m) }34 looo(s) )34 955 (W) ’ 870 (V) ’ 765(731'1-01{3 rock; S) 2

(3% Identical bands appear inthe spectrum of 2-iodobiphenyl(Chapter
II) and are apparently characteristic of 2-substituted biphenyls:
C. N. R. Rao, "Chemical Applications of Infrared Spectroscopy, "
Academic Press, New York, 1963.

155(7g-ary1s 8), 125(¥), TL0(w), 675(w), 660(v), 6ko(w), 620(w),
and 530 cm” (7Sn -CHg str.; W). The ultraviolet spectrum (EtCH) had

Ash 2'+0mu( € 18000), Ash eh&nu(e 9500) , and Muax 25Tmu(e€ 9100). The
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mass spectrum of the compound was discussed above.

Ansl. Cslcd. for CysHygSnl: C, 40.67; H, 3.87. Found (SMN):
c, 41.30; H, 3.89. ) |

A chromatography fraction of 0.051 g., which céntained less than
2% of starting material (no sbsorption at 0.4 p.p.m. in the MMR speé;
trum) and was ~ 95% of the components with the highest Re in t.l.c.
after starting material was treated with 2 equivalents of methanolic
hydrogen chloride. Removal of the solvent 52 12523 left a yellow oil
which was examined by g.l.p.c. The~chromatogr§ph‘contained‘three‘com-
ponents in addition to trimethyltin chloride. The highest bolling
(Rp of 20 min. on a é ft. x 5 mm. Eolumn of 7.5% SE $O1on Chromo-
sorb P programmed from 170°-222° at 7.5°/min. with a 60 ml./min. flaw
of He) was identified as 2-ioddbiphenyl‘by»comparison.of retention'fime
and infrared spectrum (of & collected sample) with authentic material.
The next highest boliling componént trailed very badly and could not
be collected. The third component was iodobenzene, ldentified by
1ts retention timeband infrared spectrum, whichlwere identical with
those of an authentic Baﬁple.‘ The peak area of E-ioddbiphenyl.is
about the same as that for iodobenzene. The ratio of the areas of
absorptions at 0.8 p.p.m. and + 0.04 p.p.m. in the NMR spectfuﬁ of

the starting material was 3&&1



ADDENDA

Diels-Alder Reaction of Tbtrapheﬁz¢_yclqpentadienone(Cyclone) and

(Phenylethynyl)trimethyltin. (1I-AE-26, 30)

A solution of 4.25 g. (16.1 mmole) of (phenylethynyl)trimethyl-

tin and 5.87 g. (15.7 mmole) of cyclone in 100 mi. of xylene (freshly
distilled from sodium) was heated at reflux for 126 hrs. Removal of the
solvent inlzggég left a red-grey solid. This was dissolved in methylene
chloride, concentrated and crystallized by addition of methanol. Four
.crops of crystals, total 8.00 g. (82.2%), m.p. 327-33°, were obtained.
- Two further crystallizations from methylene chloride-methanol mixtures
yielded colorless miéro-qrystals, m.p. 332-5°,

The compound has the elemeﬁtal analysis and molecular weight ex-
pected for}(trimethyltin)pentaphenylbenzene.

Caled. CsgHasSn (62:.3): C, T75.38; H, 5.52.

Found: (SMN) (600)%: ¢, 75.17; H, 5.63.

(1) By osmometry in benzene by Mrs. N. Alvord of M.I.T.

DielSquder‘Reaction of Cyclone and Propynyltrimethyltin (I=33).

‘A solution of 3,60 g. (17.7 mmole) of propynyltrimethyltin, and
5.62 g. (14.6 mmole) of cyclone in 100 ml. of xylene (freshly distilled
fran sodium) was heated at reflux for 147 hrs. Removel of the volatiles

in vaguo left a grey-red residue. Attempts to separate the product from



unreacted cyclone by f_ractional crystallization from methylené chloride-
methanol or ether-methanol solutions were not successful. Chromatography
of the residue on a column of altunif;a (Woelm, neutral, activity 1) using
a hexane-benzene mixture as the eluent gave 5.1 g. (64 crude yield) of
colorless crystels, m.p. 177-93°. An analytical sample was obtained by
sevérgl additional crystalli;za‘tions'frcm ether-methaﬁol iﬁixtu.res , MePe
2OQV-j'5'°. The compound vas identified as l-(trimethyltin)-2-methyltetra-
phehylbénzene by its NMR spectrum and elemental analysis. The NMR (coc1s)
consisted of absorptions at 7.00 p.p.m., 6.67 p.p.m., 2.21&. p-p.m. and
+011 D.pol. with relative areas of 21 (for the aromatic hydrogens): 3:9.
The unusually high field a'i:sorption of the trimethyltin moiety is doubt-k
less the result of shielding by the ring current of the adjacent phényl
group.

Caled. for CaqHeoSn: €, 73.01; H, 5.77.

Found (SMN): ‘C, 73%.005 H, 5.7k,

k l-(ftrimethylti ny2 -methyltetraphenylbenzene, Protolysis; l-Methyl-2 , 3,h4,5-

tetraphenylbenzene (I-AE-40)

A solution of 1.37 g. (2.4 mmole) of 1-1;i'imet1mtin~2-metmiéetra-
phenyibenzene in 50 ml. of ethér was treated with an excéss, of hydrogen
bromide (Mathesén, gas) in methanol. Removal of the volatiles in vacuo
left 0.93 g (93 ) of colorless crystals, m.p. 177-81°. Recrystalliza-
tion from ether-pentene mixtures gave colorless érystals , m.p. 185=86°)

‘(1i,t.2 m.p. 185-86°). The MMR spectrum (CCl,) hed absorptions at 7.33



(2) V. S. Abramov and A. P. Pakhamova, Zh. Obschch. Khim., 2L, 1198
(1954); C. A., 50, 4869e (1956).

p.p.m. (1x}, 7.04 p.p.m. (2x), 6.75 p.pem. (2x) &and 2.14 p.p.m. (Ix)
{rith relative areas of 1:10:10:3.
Caled. for CsiHlag: C, 93.90; H, 6.10.

Found (SMN): C, 93.67; H, 6.29.

(Trimethyltin)pentaphenylbenzene, Brominolysis: Bromopentaphenylbenzene
| (I-AE-21) |

A solution of 1.22 g. {1.96 mmole) of (trimethyltin)pentaphenyl-
benzene in 50 ml. of methylene chloride was treated in & dropwise manner
with a solution of 0.319 g. (2.00 mmole) of bromine in 20 ml. of methy-
lerie chloi-ide. Evaporation 61? the solvent with dropwide addition of
methanol gave 0.98 g. (91.6% ) of colorless crystals, m.p. 279-297°.
Several récrystallizations from methylene chlorideumé.thanolv gave 0.75 g.,
m;p. 295-9°, The elémental analysis is in agz:eement with the struéture
bromopeﬁtaphenylbenzene .

 Caled. for CagHesBr: 80.44; H, 4.78.
Found (SMN): C, 79.88; H, 4.69.
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