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ABSTRACT .

k]

v N

The (CH), syst"

comprlses only two geometrlcally
,posslble 1somers, [4]ann lene Icyclobutadlene) and

f.tetrahedrane (trlcyclo[l 1.0.0%74

]butane) Part I of

thls the51s descrlbes a suecessful synthesrs of a crystal—v
llne [4]annulene derlvatlve and the matrix 1solatlon

of the parent compound. Part II concerns several ,
,approaches toward the constructlon of the tetrahedrane
,skeleton i |

N Low temperature photoly51s of methyl tr1 tert butyl-
dcgclopropenyldlazoacetate (46) has led to the quantltatlve'
formatlon of methyl trl -tert- butyl[4]annulenecarboxylate
(ll) whlch hasﬁbeen 1solated 1n a crystalllne form and :
_ characteriZed fully by use of. the phy51cal methods
npresently available. ~ An X—ray ana1y31s clearly demonstrates

°

Tthat this compound (ll) is rectangular, cons1st1ng ‘of

1
v

‘two long bonds (1. 547 and 1.506 A) and two _short' ones

B (l 406 and 1. 376 A), and electron spin resonance (and -
unuclear *magnetic resonance) spectrOscopy leads to the

k\pnclu51on\that the ground state is slnglet ‘ Because of,
. the symmetrical pattern of substltutlon on the [4]- |
Aannulene system, these flndlngs can justlflably be .

. extrapolated t0;the propertles of the parent compound

(1) itself.ﬁpThe‘generation of (1) in a matrix has also.



:been achieved. 1Its ultrav1olet spectrum show1ng a weak
absorptlon around 300 nm prov1des an addftlonal proof
for thHe 51nglet ground state of [h]annulene..’These
fresuits, in addltlon to others, suggest that the llkely
geometry of = (l) is a rectangle w1th.two short bonds of
"approximately 1.37 a and two longer ones of the order‘
of'1 51 A, Should (4] annfilene prove- to be square for

Py ' 'reasons ‘that are not obv1ous at the pfesent moment, both

// - . &
N \§\\\ square and rectangular forms must reside in a reglon of

¥ \ .
.). . \; flat potentlal energy surfac&ijbw

/

_current of . [4]annu1ene is paramagnetlc. B - ' .
" iIn'Part I1I, several approaches to the synthe51s of
tetrahedrane derlvatlves have been examlned Thus far,.
the final goal has not been achleved u51ng any of these
_methods. However, precursors themselves have revealed
,1ntrlgu1ng chemlstry.. Thus, 2,2,5, S—tetramethylblcyclo—
[4b1.0]hept—l(6)—en—7 one (112) represents a cyclopro- |
~penone fused w1th the smallest rlng system, and the
straln thus involved in thls system is reflected in the
phy51cal and chemical properties of the cycloprzpenone'
moiety." Another precursor (155), the first homotetra-
-

- hedranone derivative possessing a good leaving group at.



L]

the a- pOSltlon ‘to the carbon 1 group, has been synthesized.
f

However, .4 hoped- for Pavorskii reactlon has not proceeded,

but thermal rearrangement of the trlcycllc qkeleton to

a cyclopropenyl ketene (157) has predomlnated under the

1

condltlons examlned

K Hopefully these findings 1ay,the‘foundation for
\ L]
further development of qhemlstry 1n thlS area and

synthetlc efforté‘d}rected at tetrahedrane w1ll be

continued.
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PART I. '[4)ANNULENE.

£y

I. INTRODUCTION.

: . e b . iR . o v .
ho. W e . » . & ' | A

A. Historical.

s
O

- “An [n]anhulenel is a monocyclic, fully con]ugated
polyene, The number of CH moieties. in the ring is indi-

- cated by an-arabic numeral in the braqket For instance,
. benzene is [6]annu1ene. ‘From the moment when{‘Kekulé2
flrst formuldted benzene as cyclohexatrlene statlng,that

T .

£

~

“man konnte dann Benzol durch ein Sechseck darstellen"

the questlons were lmmedlately raised as to whether benzene"
r-.

, was'unlque in exhlblting’thevso-called aromatlc propertles

and further as to whether its v1nylogs would show similar

‘behavior. 3It was 1in this- connectlon that Wlllstatter&"

\

~1911 prepared»[S]annulene (cyclooctatetraene) and found:

TN

el

that in coé}rast to benzehe, [8]annulene was qulte reactlve
and had prOpertles char@cterystlc of polyenes.; The chemlcal
dlfference ot these two compounds, [6]- and [8]annulene,

had not been explalned until 1931 when Huckel4 applied the

molecular orbital theory to the annulene system. He pre-
N

glcted that an annulene would possess relative electrOnic
(’l o
stability if the carbon skeleton contains (4n+2)n-electrons,

whereas the (4n)m series would behave in a manner expected
¥ ( .

b

g

*) Reference 2, p.158.



§

for polyenes -'Gu1ded by “this 51mple Hlickel rule, gggﬁﬂc

- e
\\ chemlsts Have attempted to prepare ther annulenes. The

| » SN 4 ol .,?-an~mQ&‘j

4 ff?sq'synthe51s 6f [18]annulene5 by Sondheimer in 1959 was
\ - indeed a“slgnlflcant accomplishmeht'in annulene chemistry

| ! 4
{\\'and successful preparations of ‘many other [4n+2]annulenes
: .

g

S\sOonrfollowed 6 [4n]Annulenes [12]F 8

\

annulenes) were prepared and shown to be reactlve 1n -

[16] -, and [20]—

accord w1th’&€e Hucke& rule. v
| .{4]Annulene (cyclobutadlene) 1, one of the (CH)

spec1es and also the smallest member of [4n]annu1ene, has
been the sub]ect of synthe51s for over a century. 1In
™ e

'splte of numerous attempts made around the turn of this

-

He  ° H - 2
; - ; -

A

N

century, the preparatlon of\wf]annulene was totally un-

successful After Hudkel predicted that [4]annulene itself

would be an unstable species, attempts focused on' some

- modlflcatlons which may stabilize this 1ntr1ns;cally
reactive 4m- electron system have met with some successes.
In 1956 Longuet- ngglnslo published an 1nterest1ng result
of hlS calculatlon that coordination w1th a transltlon -
metal would stablllze the [4]annulene system, and this

predlctlon was indeed realized three years later by the

synthe51s of stable tetramethyl[4]annu1enen1ckel chlorlde

N -

-

Sy
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Vo - , . . 3

g.ll An 1ron complex (3) of "the parent- [4]annulene was_‘
also prepared in 1935 by Pettlt 12 A large number- of

[4]annulene metal complexes are ‘now recorded but it is-

ﬁ‘obv1ous that they cannot be regarded as the cyclic 4n-'

system because the electronlc structures are very much

perturbed»by the metal coordination..

Nicl, o Fe(COX

TN
lw

/

Another'modification was proposed by. Roberts,l3

and later by Hoffmann;l4_ They predicted a greater sta-

bility for a [4]annulene derlvatlve that possesses electron—f

donatlng and electron acceptlng substituents in ‘the proper

‘p051t10ns, and in 1968 two groups isolated diethyl and

dimethyl 2,4—bisfdiethylamino)—1,3—cyclobutgdiene—l 3-
dicarboxylate 4, both as pale yellow crystals. 15 Agaln,

these do’ not represent the true [4}annulene system; because

of the extended ¢conjugation of the double bonds with the 55“

substituents.

R; CH C,H

3’ 25

RO, C N(CHy),

£



,}“

Several reactions have been recorded which may involve

- . . ) b . 3 . - v,
[4)annulene as a reaction intermediate. When “‘[4]annulene-
iron tricarbonyl 3 was oxidatively decomposed with ceric

émmqhiuﬂ nitrate, the sole product was the syn-dimer 5 of

ki - .

[4}anntlene, and if a dienophile was present, the corres-

'specific manner.16 These. results iﬁdicated the inter-

‘mediacy of [4]annulene'l.' The‘life—time of 1 in the gas

# |

6  E. :
- ¢
Aphéso WasAestimated.tO'be'on the order of several méec,
Iron complex 3 was flash%photdleed in heliu%"and.ﬁhe
variation. of the ihtenéity of maésxpeak for [A]énnulene f‘
(m/ef52) with time was‘folloWéd dsing'bsciilograms.l7 It
wés-foﬁhd that only the signal”with m/e=52 éecayed

rapidly ip the first 1 6r 2 mseg;.“This expérimeht'ha$
REovided the firsﬁ qirect evid ncé that;[4l§nnulene is .
a discrete enﬁity and has a definite life-time. Althédgh‘
the report16b that claimed the successful pot-to-pot

distillation of this reactive species must be incorrect -

- “
.

bonding,Diels—Alder type adductﬁg was produced in a stereo- -

17,18 -

s

fﬁ(ih

TN



rd

1n v1ew of the llfe -time measured 1n the gas phase, ‘it
was recently. clearly shown that free [4]annulene was actually
. “liberated" from lts 1ron complex in the above ox1dat1ve

Y

vwreactlon.lgj When optlcally actlve methylethyl[4]annulene-
1ron trlcarbonyl 7 was ox1dat1vely decomposed by ce;uc
ammonlum nltrate in the presence of dlmethyl maleate,
racemic adduct,g was obtalned.lga ‘The only interpretation“

“to accomodate this result-is that [4]annulene-g4is free

: from;the metal when it reacts with thepdienophile.‘.'

S

~

BEEN

~
\
Joo
o
o
4

“All reports before 1967 concernlng [4]annu1ene and

- Y\ '
- related compounds are well summarlzed in a recent mono—‘

graph.20 When we 1n1t1ated our pro;ect almed t the

characterlzatlon of the [4]annu1ene system,

an almost hopeless venture to 1solate or to detect the

parent or 51mply substltuted

approaches were adopted Needless

RN

propertles of the parent compound were known excepnt for

4]annul nes, uniess new

o Say, no physical

" the’ life-time in the gas phase. .
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B. Hﬁckel ruleA

It is approprlate at this stage,to elaborate on the
>

have been made whlch support thlS rule, deSplte the bold v

Tassumptlons utilized in formulatlng 1t.21 ,A

ta

Hickel's theory for a.fully-conjugated monocyclic
polyene‘first ssumes thatkthe planar: o-bonded framework.

is’completelylseparated from the m-system. This latter .

system is made up of 2p carbon orbltals whlch are perpenwﬂ

dlcular to the plane of the molecule The 1nteract10n

. U'

between the non-adjacent p orbitals is assumed to be o

negligible. Furthermore, the molecule is regarded as

’ con51st1ng of equlvalent CH unlts whlch have equal carbon-

-carbon bond dlstances around the perlphery.' A ‘linear
comblnatlon of the P, atomlc'orbltals then leads to a
set of molecular orbitals :(MO's), some hav1ng energles
'lower than those-of the constltuent P, orbltals (bonding

~ .
%ﬁO‘s; and others having hlgher energles (anti—bonding

e

ijO's). Only the [4n]annulenes possess doubly degenerate

non- bondlng MO's whlch have the same energy as the
constltuent p ‘orbitals. The’ [4n+2]annulenes, on the,
‘other hand do . not possess such doubly degenerate non-‘
bondlng MO's. Accordlngly the annulenes are divided
into two'groups, the [4n]— and [4n+2]annulenes.’

o The [4n+2]annulenes (of which benzene is a’represen-

tatlve) have closed—shell C nflguratlons for ¢he1r T-MO's

Huckel rule.. In recent years numerpus experlmedtal flndlngs

A
s



,rlow—gieid.shifts for the outer-annular protons, and high-

thgnetlc resonance (pmr) spectra. Thls property is a

- - e
S

‘(seefi}gure I. A). As a reSuit, these annulenes are

relatively'stable; i.e. they are more stable than thelr

correspondlng acycllc polyenes For example, the total

-~ eiectron energy of [6]annulene is ca. 18 kcal/mol lower

*
(and hence more stable) than that of 1,3,5-hexatr1ene.

(S

(a) ® o)

. Benzene . © [4)annulene

Figuré I; m-Molecular orbitals for benzene and

[4]annulene.

-The“[4n+2]annulenesuexhibit diamagneticfanisotropy,.showing

field shifts for inner-annular ones, in their proton

result of the 1nteratom1c rlng current22 which is induced

~

*) Total ﬂ—energies of [6]annulene and 1,3, 5-hexatriene °
are 6a+88 and 6a+6 9888 ,respectlvely (where a and g are

Coulomb and resonance 1ntegrals, respectlvely) The .

vdlfference of these values is hence ca. 1.0 =18 kcal/mol.z%



in the cyclié‘ﬁ-elgctron,system wﬁen a magnetic field is
appiied perpendicular to the‘plane 6f\£he_}ing{

- The simple HﬁckelvMb treaﬁment described»above
predicts that the [4n]annulenes,lih’contrast to the [4n+2]-
ahnulenes, are relativeiy'unstable and are thermodyhamically
iess ;table than their\correspdqdingbacyclic‘polyeneé.
This is due to ﬁhe presence of the ﬁouply‘degeneratewl_:“*'
non-bonding MO'S:' Two elegtrons occupy these MO;S;’one _ K
" in each MOvand haying parallel .spin (Huna's rule). Thus,
- the [4n1annulene‘should ﬁave a,tripleﬁ-éroﬁnd state (figure
I, g).‘_ThiQ unfaVorable-siFuation‘may‘be aVoiaed by :
>Jahn¥Téiler d;stértioﬁ which‘redhces the'molecular'
Avsymmetry‘and splits the.degenerate orbitals. Thié can.
be achievéd either by alternation of £he carbon—carbbn 2
b@hd lengths,;br by deformation Qf thé planafity of the
sYstém. The'effécf-of the bond-alternation is that one
of the two non-bonding MO!s'isAstabilized, while the .
other is destabilized. As a rgsult;'the'tﬁo electrons
can now fbgp?g pair.in the non-degenerate MO,Athus stabi-
lizihg the fotal nQeleCtton system. (Figure I. C). pevi—
lation from‘the-planarity of the system may also resul£ in
the splitting of the two non-bonding Mo;s. Howéver, in.
£he case of thér[4]annu1ene system, it.ig unlikely thét,:
the féur?membered ring is distorted to é.non—planar con—
:fdfmation since ﬁhe inéréasé of strain enérgy‘involved:in

the o-framework and the loss of overlap between -the pz.érbitals

-



might exceed or counterbalance the,éain invenergy caused
by the elebtron pairing. |
The [4n]annulenes are expected to show paramagnetlc
'rlng curren'cs,z3 1ead1ng to high- fleld pmx’ chemlcal shifts
for the outer—annular, and low-field pmr chemical shifts

§

for the 1nner—annu1ar protons. In the apsence of bond-

alternatlons, an 1nf1n1te paramagnetlc rlng current is
predlcted by theoret1ca1,calculatlons.23 'This situation
is not llkely to occur, however, because the molecule
will be dlstorted for the reason dlscussed above. For
1nstance, [16]annu1ene 10 is dlstorted from planarlty
exhlbltlng bond alternatlons,80 and shows dlstlnct inner
and. outer protons {n its pmr spectrum,8b with the latt%r

appearing at higher field, as‘predicted}

‘.There is however still some controversy over‘the
ground state of the 51mplest annulene, [4]annulene. It
may. exist as. a square trlplet (ST), as predlcted by the Huckel,
rule, or as.a defermed,.p0551bly,recrangular, slnglet !

(RS). A square singlet (SS) structure would be iess stable
v ' | |

/



10

than the RS structure according to the -Jahn-Teller theorem.
Theoretlcal calculatlons on thls system have . repeatedly
been carrled out, and the' results are presented in the

PRy 13

next section.

C. Theoretical treatment of [4]annulene.

-

Recent advances ‘in computer technology have made
1t p0551ble to. calculate the energy levels of Mo!' s of
compllcated molecules -~ Several calculatlons24 have appeared
in’ recent years using different‘apbrOXimations in order
to evaluate the grggnd state pature oflf4]annulene} and
the results are listed in Table I. Except for an ear-
lier calculatlon,24b which was later revised,-all‘the
treatment appear to agree on one p01nt namely that the
rectan;;lar 51nglet (RS) is more stable ‘than its square
counterpart (SS) In the square’ geometry the relatlye ‘
stabllltles of the. 51nglet and triplet states appear to
be uncertaln. A recent treatmenﬁ 24£ whlch was carried
out apparently to confirm the result obtalned from the
infrared spectrum of [4]annulene, concluded that "the"
square 51mglet lies 7. ? kcal/mol above the square triplet-
and is unstable to a rectangular dlstortlon" Howeyer(\
no mention.was made as to the relative stability‘of“the
two species,'ST and’RS.
. 24b,c .

Allinger also calculated the expected ultra-

1
/



Relative stabilities (in kcal/mol) and C-C bond lengths
{in A, in parenthese§). ‘

< _
S8 ST RS Ref.
SCF . B | |
PPP -— 14,1 0 - 24a.
N : "7 (1.424) (1.514)
. S ~ (1.338) |
SPO. - 21.2 0 . 24a
| ' ‘ (1.424) (1.514)
| L (1.338)
‘PP 22.8 S0 6.1 " 24b
. . (1.424) (1.424)  (1.518)
PP © 4.8 15.3 S0 . -24c
(1.427) (1.422) (1.498) '
, - - - (1.331)
ab initio : - o
CI 10.8 24.4. 0 244
: © (1.424) (1.424)  (1:466) :
_ : (1.381)
SCF /s o
‘r-%Ppro. 16.4 ) 2.0 0 24e
LB (1.397) (1.425)"  (1.512) - S
. o S (1.338)
MINDO/2 16.6 -— . 0 24e
: - (1.425) : (1.495) -
, . (1.319)
ab initio. o o _
. GVB o 7.7 0 2 ‘ 24f
MINDO/3 . 13.1. 5.9 ., 0 24g
R (R (1.433)  (1.533)
(1.342)

™ { - . " ) ) N -
Table I; Calculated-relative stabilities and C-C bond

lengths of possible [4]annulene structures..

N v .



violet absorption maxima of [4]annulene and predlcted
confldently that a singlet, whether square or nectangular,
nas allowed tran81t10ns around 200 nm and- weak forbidden
tran51tlons at much longer wavelength in the visible
reglon In contrast the triplet was predlcted to absorb
very strpngly'(e lO3 at 380 nm). Thus, as Allinger stated
thls difference would serve to distinguish between the

3

singlet and triplet.

The above is a briefvhistorical desgription of the
chemistry of [4]annulene The followé%g sections descrlbe
our efforts to elucldate the ground state properties and

the chemistry of this intriguing species.



, / be used

CHAPTER II. OUTLINE OF OBJECTIVES.
r g "

' The objective of the work described in this part

is the elucidation of the g;ound state properties of

e

[4)annulene. The major problems associated with this system
are concerned with its spin multiplicity and exact geometry.

- Otdin rily, the extenSive use of- various spectro—

scopic ‘methods helps to. clarrﬁy, these types of problems.
However, in o.derqto characterize [4]annulene itself,

/only a limi ed pumber of the spectrescopic methods can

. resultant culties eneeuppé?ag\in its isolation or
@) . i .
detection. [4]Annulene must, first be-retained in a mono-
meric form for an extended period of time. Techniques

to utilize a low-temperature matfix which is rigid enough
to trapv[4]ahnulene molecules as such appear to be most

promising. Ag a result of the impOSition of this basic

=

experimental limitation, only electron spin resonance
(esr), ultraviolet (uv), and infrared (ir) spectroscopies
can be presently employed to characterize [4]annulene.

The esr spectrum of a molecule trapped in such a

system clearly indicates its spin state. The uv spectrum
» T ’
suggests the electronic states of the m-electrons, and,

as mentioned earlier,'triplet and singlet [4]annulenes

N

are predicted® to have comﬁiﬁtely different uv spectra.24b’C

13
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SN

Héncc the uv spectrum of [4]¢1nnulonn/wou\d also provide
information as to its épin state. TthLtnspoctruh .
provides %nfq’mation about the yibratﬁépal modes of the
moleculé} Theoretical calculations predict the number
and line positions of ir absorptions both for D4h(squaro
p}aﬁar)— and DZh(rectangular planar)~[4]annu{enes.,:Thus,
the ir spectrum would distinguish between the two geo-
metries conceivable for the molecule.
Ty ‘ . 4

Part of the present study is concerned with the

chdracterization of matrix-isolated [4]annulenc by means

a

of its uv and esr spectra.

Although the spectroscopic meansrdescribed above cén
up;ovide the ground staté\properties of [4]annulene to a
certain extent,hthere remains always”én'ambiguity as to
the exact geometry Qf the molecﬁle, because the hethods
to be‘employed are indifect. Obviously, the best method

\ ;o
- to obtain this information would be by an X-ray crystallo-
graphic analysis.' However, to carry out such an analyéiSW
a si;gle‘Crystal of the ﬁolecule must be available.
Furthermore, pﬁotoelectron spectroscdpy, which would
shed light on the energy levels of MO's, "also requires a
at present tgat a compound be isolable in pute form.

Therefore our interest was also directed to the
synthesis of ;solablg, crystalline [4]ahnulene dégivatives.

The folkgwing-considerations were made in choosing an

appropriate derivative: (1) that monomeric [4]annulene



derlvatlvesnwould be 1solable if they possessed sterlcally
bulky substltuents Wthh would serve to suporess the
react1v1ty toward another molecule, and (2) that the sub-.
stitution pattern on the rlng must be such that ‘the sym-
‘metry and the grdund’state propertles of the derivative
'uare as close as p0551ble to those of the parent [4]annulene,
" We o@ose methyl tLl tert- butyl[4]annulenecarboxylate ll - |
as our synthetlc target."Examlnatlon of a Dreiding model

of this compound strongly suggests that the three tert-_

"butyl groups would be bulky enough tp retard dlmerlzatlon,v

ES

a magor.reaction that [4]annulene‘underg0es. Furthermore,
the substitution patterns-in'this compound are such that
bond (1) and (2)‘may be allowed to become equivalent (see
figure above)il Therefore, rf a square were the energy
minimum conformatlon of ll bonds (1) and (2) would be
of equal length.

rDuring the course of oursexperimental investigations,
Krebs et gl;reported the first isolation of a [4]annulene

A » 25 . .26 e _
derivative 12, Its X-ray, analysis was reported only
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after our own work ‘had been completed Although demonstl

" rating- that the central four—membered ring has a rectangular

geometry (bond lengths are 1.340 and 1.600 A for (1) and
(2), respectively), their results do not prov1dé any

unambiguous information regarding the geometry of parent

' [4]annulene.‘ This 'is, of course, because bonds (l) and

(2) in 12 are not equivalent, as far as the substitution_

pattern is concerned ',f\,'

-
\“'u"" 3 ,J'J i : Kt

Finally, as- stated in the introduction, pmr spectro-

scopy prov1des strong 1nformation about' the nature of the

13

ring current in the annulenes. C-Nuclear magnetic

’resonance,(cmr) spectroscopy, however, prOVides no such
,1nformation, cmr chemical shifts are relatively 1nsen51tive

to such a ring current, even when carbons are uniquely

v

p051tioned in the system.27 Thus, in order to evaluate

‘ the nature of a ring current a proton must be directly

attached t0[the annulene system Analogous to ll tri—

‘tert- butyl[4]annulene 13 was expected to be isolable as

such, allowrng the observation of the pmr chemical shift

of the unique proton in 13. A third part of our study
\ , , ,



*on the [4}annulene system thus ‘concerns the synthe51s of
an 1solable [4]lannulene derlvatlve posse551ng\a proton

dlpectly-attached to the ring.

In the next chapter, the syntheses and the physical
properties of these [4]annulene derivatives will be'pref
sented in detail. Also 1ncluded is the spectroscoplc

detectlon of parent [4]annulene 1solated in-a matrix.

17



CHAPTER III. RESULTS. AND DISCUSSION. %

" »

A. Preparation of highly substituted Iﬁ]annulene deri-
vatives. .

1. Preliminary attempts.

20 for the conSt—'

of several eonceivable approaches
ruction of the [4]annulene system, ‘the following appeared
to be the ‘most promising: (1) dehalogenatlon of dlchloro—
cyclobutene derivatives by metals, (2) decomp051t10n of
[4]annulene-metal eomplexes, and (3) rearrangement'of
cycloprepehyl carbene-intermediates.

The dehalogernation of dichlorecyclobutehe deriva;;
tives by metalsvhas‘been usedyrather'generally‘;h the pre-
paration Sfﬂtraqﬁieﬁt t4]ennulene”derivatives. Forn
instance, [4]annu}ene 1l itself is'geherated?when Eiif
3,4-diéﬁlorocyclobutene 14 is tfeated'with sodium amalc‘jam‘28

The product actually isolated is not 1, but the X —dlmer

5 owing to the extremely fa01le dlmerlzatlon of 1.

I e | %,
- - __Na » [ » '
Cl N ‘ .

18



The second approach was that used in the preparatlon

of the first féolable f4]annu1ene derlvgtlve 12, whlch

I S
" was obtalned by the reactlon of palladlum complex 15 w1th

'. Paid
PhoPCH,
Ph.PCH, °
'S s =
16 ‘ o
Pd€|2“
' 15 L2

ethylenebis(diphenylphosphine) 16. The oxidative de-

‘ C L . 12 A :
composition of [4]annuleneiron tricarbonyl 37 by ceric
ammonium nitrate has been used in many reactions’

as the source of transient [4]annulene l.15,29

Iv

Ce

3 .

' We expected that decomp051t10n of 1ron ‘complex l730
at low’ temperature and under mild condltlons wquld glve

rise to the des;Lred [4]annulene derlvatlve 13.§ Thus, ‘

- photolysis of 17 at -60° in the presence of dimethyl .
acetylenedicarboxylate was carried out, and an iron- free

adduct was isolated. The mass spectrum and elemental



20

analysis indicated that the proddct wae'a'l 1:1 adduct
of tri- tert- butyl[4]annulene, dlmethyl acetylenedlcar—
boxylate, and carbon monoxide. Its- -pmr spectrum revealed
three dlfferent tert butyl and two methyl groups.l'The
methine proton appeared at 6 3. 75 leely structures for

this .adduct are b1cy&lo[2 2. 1]heptad1enone 18 and bicyclo-

[3.1.0]heptad1enone§\&2 and 20.° Compound 18 would be

4",,{5

expected to ellmlnate carbon monoxide ea311y to form a‘
benzene der1vat1ve.3lp From the fact that the obtalned
adduct is fairly stable and the chemlcal shift of the
methlne prbton in the pmr Spectrum, we tentatlvely a551gned
structure 19 to this product. This molecule could arlse

af the photo- decomp051tlon of iron complex 17 resulted

in the lnsertlon of carbon monox1de 1nto the rlng, to form

a cyc10pentad1enone derlvatlve 21,'whlch further reacted



with dimethyl acetylenedicarboxylate to giVe 19. " This

approach was therefore abandoned in the llght of thlS

flndlng o
jsze
] s
, C62Me
Fe(CO), ‘
21

°

The most promlslng-method to constructAthe [4]annu-
1ene system now appeared to be the rearrangement of a .
cyclopropenyl carbene 1ntermed1ate Closs et al treated
dlchlorlde 22 with n- butylllthlum at =20° and obtalned
a mixture of the dlmers of»chlorotrlmethyl[4]annulene 23

in 85% yield.32

We performed a similar reactlon u51ng 3- dlchloromethyl-

'l 2,3-tri-tert- butylcyclopropene 24. 30

Use of n- butyl—
j»llthlum ylelded nelther a [4]annulene derlvatave nor its

: dlmer, whereas avbutadlene derlvatlve 25 was 1solated when
tert- butylllthlum was used It can'be.envisioned that

tert-butylllthlum’coyld‘undergo a,metal-halogen exohange

&



reaction with 24 to form lithium salt 26. This anion
Vthen isomerized to. the acyclic isomer 27 with a,reduction
- of steric crowdlng, and finally protonat on during the

process of work- -up led to- the formatlon of the dlene 25

CHC1
e

25

Maier et al. subjected diacid 28 to électrolysis
and isolated two cyclopropenyl ketones gg’and 30, when,
- rather drastic condltlons (100 V/l A, réom temperature)

'were applled ~while furan 31 was the sole product’ under

227

mi "condltlons (2 V/8 mA, room temperqture).23 Impor—-f“




23

[4]annu1ene 13 was the 1ntermed1ate which had, reacted

'w1th oxygen to produce 3l. It is reasonable to expect

that due to sterlc repu151on,_the dlmerlzatlon of 13_v,

>'l was - completely prevented \That'the cyclopropenyl ketoneS‘ *
‘29 and 30 were produced -under drastlc conditions can- be

_explalned by the over- oxldatlon of 13 to a. catlonlc 1nter-"'

medlate 32 whlch rearranged to 29 and 30 in. order to

\ Rl
relieve the steric repu151on of ‘the th}ee tert butyl groups

on Lhe four- memberéd ring. | ‘

We Judged from these results. that the hoped—for
E4]annu1ene derlvatlve must be generated by a reactlon,
 wh1ch would proceed smoothly and w1thout side reactlons‘
and also could be performed at low temperature, so that
one could examine the product by spectroscopic methods.\
without further purlflcatlon. »We.therefore.reasoned that
Acyclopropenyl diazo compound 33 would serve as sultable
precursors for further studles.

Photoly31s of diazo compound 33 initially results
1n'theel;beratlon of a nltrogen molecule to form carbene
1ntermed1ate 34 This carbene can undergo rearrangement
in three dlfferent ways. First, the cyclopropenyl group"
may ring-expand to form a [4]annu1ene 35 (route 1).
:Secondly, the carbene center may insert 1nto the dduble
bond, formlng a tetrahednane 36 (route 2) Finally,‘the
cyclopropenyl carbene may,splltfinto two acetylenic mole?_‘

34

cules (route 3). It is reported”” that tetrahedrane



decomposespinto two‘acetylene molecules spontaheopsly.

v

"If this is indeed the case,aroutes 2 and 3'are indistin-

guishable 1n the case when the three membered rlng carries

[y

three 1dent1cal substituents.

I
I+ -
I

The follo&ing are.SOme examples oflthe typee gi
carbehe‘reactions described above;‘/First, the reaction
of 22 with g—butyliithium (which was described on 3)21)3%
to form dimers_ofmchlorotriﬁethyl[4}enﬁulene g;,.exemplifies
a reaction tﬁdt proceeds Xié route 1. |

The dilithium salt of-ditosylate 37, when pyrolyzed
produced acetylene as the sole volatlle product in 20-30%
yield. 35 Isotope labeling experlments revealed deuterlum
scrambllng. Provided that the reactlon proceeds stepw1se
as shown below,~a cyclopropenyl carbene 38 is formed as
-the 1ntermedLate, whlch then forms tetrahedrane (route 2)

Under the reactlon condltlons tetrahedrane Ieportedly
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splits into two acetylene molecules. The 1sotope labellng

experiment seems to be consistent w1th the above mechanism.

- J%[

T-m=_x
o+
b N,

White“et al. prepared compound 39Gnand found that
its only photolysis product was diphenylacetylene, probably

3
formed by route 3. 36 No phenylaCetylene was formed.

“, . ¢

Ciabattoni et al. synthesized dlazoalkanes 40 from

. the correspondlng N-nitrosourethane or hydrazone.?7 The
diazoalkanes were, however, found to be tdo unstable to -
be purified or handled furfher. Under aprotic condltlons,

these dlazoalkanes 1somerlzed to pyrlda21ne derivatives 41.



.R; H, CH

o

These results indicate that the fate of the cyclo-

- propenyl carbene is greatly influenced by the nature of

the substituents both on the ring and at the carbene center:

We ant1c1pated that tr1 tert- butylcyclopropenyl
diazo compounds 42 would undergo rearrangement follow1ng
route 1 _The presence of three tert butyl groups on the
ring of 42 would affect its reaction course. Flrstly,

"the 1somerlzat10n to form a pyricdazine derryatlve would be

blockedg ‘because the resultant pyrlda21ne would possess

e

three tert butyl groups on three adjacent carbons, and

this structure is sterically very unfavorable._ Furthermore

it is known that trlmethylcyCIOpropenyl azide 43 38 isome-

rizes to triazine 44 slowly at room temperature, whereas

tri-tert-butylcyclopropenyl azide i§39 does,not show any

_tendency toward a similar isomerization, and it can even

’

L IH A
2 Ny 7 o R <

26
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7-

be distilled at 40-50°/0.03-0.05 mmHg. Secondly, the
Egrt—butyl groups would destabilize the single bond of the
oyclopropenyl moiety. As a result, the ring-expansion
pathway to fnrm Lhg 4]gnnulene system should be favored
over the gther’t;G possible pathways.

- We further considered the stabilization of the diazo
grouos by use ofdéﬁio—carbonyl group. . The 0-diazo esters
usually possess’ a certain degree of stability, hllowing

40

purification and isolation, whereas diazoalkanes are

very often too unstable to be isolated and purified. We there-
 fore expectea‘that“tri—tgﬁt;butyloyclopropenyl diazoace-
tate (gg; R=C02R')‘could be isolated in a pure- form,

| With all these reasons in mind, we firet épproached
the synthesis of methyl tri—tgrtfbutylcyolOpropenyl diazo-
acetate ﬂg,.the potential precursor of 1ll, and studied
1ts photochemlcal behavior. Next, we focused upou the
synthe51s of tri-tert- butylcyclopropenyl dlazomethane 47,
the potentlal precursor of trl-tert—butyl[4}annulene 13.
Although 47 might not be stable at room temperature, we
at least hoped that 47, upon photoly51s, would produce
13. This compound is 1mportant in that it can proJude
informatlon about the paramagnetic ring current of the

'[4]annulene system. -



2. Methyl tri—tdrt—butyl[4]annulonocurboxyyate (Jl).4]

A precursor of the title compounaags methyl tri-
EEEE—butylcyclopropenyldiazoacetate,ggu‘ In order to
obtain 46, we have examinea the“direct condepsation of
anion 48, derived from methyl diazoacetate, ;ith tri-tert-

~butylcyclopropenium fluoroborate 12.42 The lithium salt

+ U\ _co,cH, —p
273 : 0.CH
el 273
4 SNy N,

49 48 : 46

of ethyl diazoacetate was first prepared by Fransnelli

43

et al. in 1970 by the reaction of ethyl diazoacetate
et al -

with n-butyllithium at -110°.“They found that the salt
was reactive toward many electrophiiic functional groups,
and obtained, for instance, ethyl 2—diazo—3—hydrbxy—3—

phenylbutyrate 50 in 50% yield on reaction with aceto-

phenone, -

Li -
( \IE/C02C2H5 +  PhCOCH,

Tri-tert-butylcyciopropenium fluoroborate 49 has been

‘known to react easily with nucleophilic reagents despite

the presence of bulky substituents, to form the corresponding

30,39,42a

coupled products. We have reacted 49 with the

28
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. . ) ‘. ) /" ‘ﬁ \. . -
lithium salt 48 of.methyl‘diazoacetate in ether/tetra-
hydrofuran at -110°. As antiCipated the reaction proceeded

o

’smoothly and after. chromatography on neutral alumina,43b

the pure diazoacetate 46 was obtained in 88% yield as yellow
crystals, ‘mp 46.0- 47;5°., Both the pmr and ir spectra are
=consistent with the assigned structurefgg. ?he‘former showed
singlets at 6°0.973 J9H), 1.26 (18H), and 3.72 (3H_)},v while
Vthe latter exhibitedtstrong absorptions at, 2080 cm 1 attri-
butable to the diazo;stretching, and at 169§\cm—l dde to
thetcarbonyl stretching. Diazoester 46 was found to be
rather stable and, as reasohed earlier, showed no tendency
toward isomerization to form the corresponding pyridaZine
derivative v Thus, the first task ~of this approach was:
//\Empleted and the photochemical reaction of 46 was examined.
A solution of diazoester 46 in methylcyclohexane dl4
was degassed and sealed in an nmr tube, and irradiated at
—78° by a hiqh—pressure mercury lamp With a Pyrex filter
Aite: several hours irradiation, light brown crystals
began to form. When the photolysate, after the completion’
of irradiation, was warmed to room temperature, the pre-
Cipitated brown. crystals dissolved and the solution became

dark brown.. The solution decolorized rapidly, however,

when Oxygen was bubbled into the solution. The formation
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of this new product (11) from 46 ‘was almdst euantitative,
as judged from the pmr epeCtrum of.the photolysate.

The pmr spectrum showed absorptlons at § 1,13 (18H,s),

,@“and 1.19 (9H, s) for the tert -butyl groups, and at & 3.45
'_(BH,s) for the O-methyl group. The appearance of two dif-
“ferent tert- butyl groups eas1ly ellmlnates the tetrahedrane

vlstructure for the photo product Within. the limit of the

/

nmr tlme scale, two of the three tert- butyl groups are a

"equlvalent. ThlS suggests two possibilities for the geome-

try of the four—membered-ring: one is a square, and the

other is a rectahgular equilibrating very rapidly between

two forms 51 and 52, as shown below.

*’ - -
B o
CO_CH A
2-73 coz<§fi3
51 52

; | o ; -
The cmr spectrum exhibited signals at & 147.0 and 154.5

-

for olefinic carbons, in addition to others,lsuppdrting
the [4]annulene structure. The relatlve intensities of

these 51gnals for oleflnlc carbons are ca. 1:3, therefore

»the weaker absorptlon at 8§ 147.0 was tentatlvely assigned as

being due to C(3) and the other to the remaining three

carbons, C(l1),C(2), and C(4), those of C(lf and C(2) being

‘coincidentally overlapped. Although these chemical shift

L)




values for the olefinic carbons appear to be somewhat lower’

'than normally expected, 44 they are not exceptlonal 1f one

considers the presenée of the subst;tuents and the unique -
geometry of the molecule.

Compound 11 was also characterlzed by a weak and broad
uv absorption at A a# 425 nm (e 50)(Flgure II.). ThlS
weak absorption in the visible reglon is in good agreement
.w1th the predlctlon that singlet [4]annulene would possess’
a forbldden absorptlon in this reglon.24b’cc

These spectral data thus permit us to assign the
[4]annulene Structure 11 to the crystalllne photolysate

Chemical transformatlons of this alr—sen51t1ve [4]—

’annulene derlvatlve provided further support for its struc—/

°-ture Maleic anhydrlde reacted w1th 11 to form Dlels-

[

Alder adduct’ 53. . .The presence of two oleflnlc carbons 1n
the cmr spectrum of adduct 33 1nd1cated the structure to

‘be as shown,‘and not dlhydrobenzvalene derlvatlve éi. This -
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Fidyre II; Uv sﬁéctrum of methylrtri-tert—Buty1[4]—

annulenecarboxylate .11 in pentane.’
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‘behavior is in contrast with an earlier report that 1,3-"

33

3

di—tert-butyl[4]annulene 55 'generated in situ from its iron

carbonyl complex, reacted w1th tetracyanoethylene to form

56.45 e -

NC

i

The pmr spectrum of 53 is temperature-dependent (Figure

- III.). At 70° the spectrum exhlblts three 31nglets for

htert butyl groups at 6 1. 10,'1.20, and 1.30, .a sharp 51nglet

i

for OCH, at.§ 3.64, and two doublets at & 4.23 and 3.65.

.As the temperature is 10Wered, the absorption for the tert-

butyl. groups appearing at the highest‘field'startsmto

[ 3
A

broaden and almost disappears at 0°. At this temperature,

'the,second‘tert—butyl.slgnal; as‘welllas the OCH singlet

3
and the two doublets, show line—broadening.‘BeloW'—60°, the. "

. spectrum does not show any further change, eXhibiting a
"cdmplex pattern in the»tert-butyl region . The OCHj,group

and the doublets Spllt into two palrs (ratlo ca. 3%1),(

These spectral changes 1nd1cate that the rotatlon of the
arbomethoxy group 1s completely frozen at =60° resultlng

in a ga. 3:1 mlxture of rotational isomers, a that the.

ot

RN

A



70°

Figufe II1; Témper,ature dependent pmr ‘spectrﬁm of 53.

—
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rotatlon of two tert-butyl groupsils also frozen;*

- Slmllarlty of the uy spectra of 53 {A max 215 nm (e ..
3240), 225 (1665) 235 (680)} and 1,2, 3 ~tri- tert-butyl-
cyclobutene 5730b {Amax 215 (2640), 225 (294),235 (61))

'suggests that the carbomethoxy group is 1ocated4at a

brldge-head p051t10n. ‘

The'stereochemistry oftthis"adduct 53 was establlsﬁzd
"by the follow1ng reactlons H;droly51s to. dlaold 58
- followed by electrolys1s, afforded lactone 29. 'The_lr_spe~«
ctrum of 59 showed peaks at 1785 and 1735 cmflbin the
’ carbony1~reglon; indicatiné the-presence of a five—membered
lactone rlng. ' The formatlon of an 1ntramolecular lactone
‘ rlng leads to the a531gnment that the 1n1t1al adduct 53

has the endo—conflguratlon.

| CO,CH,
| to,;—
cou
. - N
23 58

*) Restricted rotation along anwiax1s of C(sp ) C(sp ) 51ng1e .
- g
| bond was first observed by Brewer et al. 46 and reviewed by

47

Kessler. The 1solat10n of rotatlonal 1somers was also

48

achleved by 6k1 et al..
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The Diels-Alder adduct 60 of 11 with dimethyl ace-
tylenedlcarboxylate was also obtalned as colorless crystalg,i
mp,99.§ 100.5°. The cmr spectrum of'thls adduct exhibits
. four olefinic carbons,-thus the adduct has the Dewar-
‘benzene strucfure. Not surprlslngly, attempts to rlng-”
open . (at 160°) this Dewar-benzene derlvatlve ¢o the corres—

ponding benzene derlvatlve falled

X | | ﬁo CHy .
L - u|

The [4]annulene derlvatlve 11 could be recrystalllzed
at —78° from pentane and sublimed at 50°/0 01 mmHg w1thout
decompOSLtlon. After subllmatlon it had a mp of 70°.
| With a crystalllne derlvatlve in our hands, an X—ray
crystallographlc analy51s was undertaken.49_ A-s;ng}e crys—
tal was placed in-a- caplllary tube,‘u51ng a dry-box to -
-ensure that the’ crystal was 1nq€n inert atmosphare. This
seemlngly 51mple process demanded extraordlnary care
because of the sen51t1v1ty of 11l to. oxygen,vand was executed

: by Dr. Nakampra of ‘this laboratory. ‘The X—ray‘ana1y51s

was performed by Drs; James and Delbaere of the Biocheﬁistry
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ﬁepartment;‘ Figure IV shows-the geometry of this molec‘ule.49
- It is qulte clear that the chemlcally equ1valent bonds
c(1)- ~-C(2), C(l) C(4), and C(2)-Cc(3), C(3) -C(4) are of
unequal length. The two short bonds; C(l) -C(2),- and C(3)—
C(4) are 1n the range of the aromatlc bond length of
1.394A,50 therefore deflnltely much longer than‘notrmal -
double honds (1.335A). Of the two" longer bonds, only
: C(2) -C(3) is of 51ngle bond character whereas C(l) -C(4) »
has anlength 51m1lar to that of a bond between C(Sp ) and
‘C(sp>) {viz: C(2)-C(7), C(3)-C(11), and C(4)-C(15)}. Even
though there appears to be over4crowding of the EEEST |
-butyl groups, the chosest H-H approach 1n this conformation
is. % .13a, not 51gn1f1cantly shorter than the van der Waals
contact distance of 2.2-2.3a expected for hydrogen atoms.
The four carbon atoms. of the rlng are strlctly co—'A
planar. - Also, the - four non-= hydrogen atoms of the carbo-
‘methoxy group are co-planar, and the dlhedral angle between'
jthe plane of this group and that of the ring 1s 84 1° XY
Steric 1nteract10ns with the ne1ghbor1ng'tert-butyl groups
clearly 1mposes thls conformation on. the C(l) -C(5) bond, s,
thus llttle or no m- electron overlap from the. C(S)-C(l)
bond w1th the r1ng is possible. ‘
Because of the_substitution pattern_of 11, the two
bonds’C(l)—C(4)'and C(l)-C(Z)‘would,be-of equal length, if

a square ‘conformer were the true energy minimum of this
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Molecular structure of methyl tri-tert-

'butyl[:?annulenecarboxYlate 11. (The

‘three sites (occupancies 0.51, 0.32, 0.17)

of the d;sorderea méthyl group bonded to
C-15 are designated as 1,2, and 3, respec-

tively.)



partlcular system. Our‘result therefore represents the
flrst clear, direct evidence to demonstrate that a rectan-
Mgle, dlstorted sllghtly by the substltuents, corresponds
to the most stable Eggkormatlon of this [4]annulene ;ystem.,
" The photoelectron spectrum (pes) of 11 was'recorded,51‘
. by Dr. Brown of this department Figure V. shows the
_spgctra of-dlazoester 46,'of ll, and of the final oxyge—

o

*
'nated material 61 The flrst‘vertlcal 1on12at10n ‘poten-

‘

tial (vip) of 1l was 6.90 eV and would be assigned to the
lremoval of an electron from ﬂz of the f4Jannulene system,**
At first glance, this vip value appears to correlate well
with that reported for 12 (6.89 eV) However, due to
}the presence of the inductively electron- w1thdraw1ng carbo-

metpoxy group Wthh lies nearly perpendlcular to the plane

of the rlng,49 the value for 11 would be ekpected to be

*)vAs yet, the prodﬁet(e) of oxygenation have not been
-identified.v It would be a mixture of the 1n1t1ally fOrmed
dloxetane derlvatlve and/orjlts decomp051t10n products..
**) A llnear comblnatlon of two T molecular orbltals (LCMO)
gives a- bondlng orbltal (n +nb) and an- anti- bondlng orb1tal>
(na b)both of whlch are occupled ‘The latter orbital is

referred to as n2;



F'i,gure' V; Photoelectron spectrar of 46, 11,
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o
somewhat hlgher than that of 12. We feel that two fused
rlngs in 12 would restrlct the geometry in such a way that
P ~ the two double bonds would become more localized andi

interact less. Indeed, the single bonds in 12 are found

W

11 | | 12

N . .
to b;\EiﬁgeA long,"6 and hence the first vip assigned to

\\\

in 12 shoaiﬂlgggeaf'at SOmewhat higher energies than

in unfestricted tet;a>§ggt—butyl}4]annulene.. In contrast,
11 contains somewhat shorter single bonds of 1.506 and
1.547 A.49 It appeazs as though the‘presence of the.carboﬁ

methoxy group in 1l counterbalances the effect Oﬁ“gii?

tortion in 12 and hence the vip's are the same.

The value reported for the first vip of tri-tert-
butyl[4]annulene 13 of 6.83 eV53*indioates a - lower value |
in the absence of the carbomethoxy group, whlch is in
agreenent with the above reasonlng.

The ionization pertalnlng to the second band in the

photoelectron spectrum of ll (9 45 eV) cannot‘be assigned

with ahsolute certainty at this time. While we cannot
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rlgorously exclude the p0551b111ty that this band is due

* .
to some 1mpur1ty, careful and repeated experiments ‘have
\ o .
shown no diminution of band 2 w1th t1me If one is allowed

to use CNDO/2 calculatlons as an aid, then‘this band can B
be a551gned“to removal of an electron from a o-orbijtal

‘located primarily en the'[4]annulenelrinq. That ﬁne ioni-

zetien occurs simply from the cafﬁomethbxy greup can be

ruled out since the values reported for methyl acetate54

: . * % .
are 10.45 ev (no) and 11.16 (no).
" Due to the pfesence of the“substituents, the above

\

*k *k
flrst vip values of 11 is expected to be roughly 1.5 ev

, lower than that for parent [4]annulene. The value reporﬁbd

18

by Hedayaegg‘gi. of 8.2 eV based upon the appearance \

o x

potential of the molecular ion stands as the best present

value for the first vip of [4]annulene.

i X
- / : - &X’

*) We can be certain that this peak is’ngg/dué/zo emyﬁar

the startlng material 46 or the f;pa&/axygenated produét

El' since the photoelectr spectra of these two;are quite

at of shown in Figure V.

‘ spectrum53 of 13 shows the

' dlfferent fro

**) The reported photoe1>

>second band at ca. 9.0 eV. This would thus ‘be due to the
imputf@? in the sample. _ v
' ***) The effect of substituting a tert-butyl group for a

’,‘ hydrogen in ethylene is to lower the observed ip from

10.51 eV to 9.7 ev.>>

.
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The above presents a full account of our flndlngs

on methyl tri- tert b@tyl[4]annulenecarboxylate 11. The.

i?mpound has nqw'been fully,characterlzed'and has provided

important information concerning the qroup?&state properties
L} . Sy ', .

of' the [4]annulene system.:

B



3. Tri—tert-—buty’l[4]annulene”(13).41

‘We next embarked upon the synthesis of trl tert-
butyl[4]annu1ene 13, which would eluc1date @ﬁe nature of

-

the‘magnetic 1ng currenht induced in the [4]annulene system.

Thus, tri- tert butylcyclopropenlum fluoroborate 49 was
treated with sodium cyanlde to form* the corresponding cyano
rompound 62 1n 99% yleld : Reductlon with lithium- aluml—

L

nium nydrlde produced amine 63 (98% yleld), which was'then

3fransformed to urethane 64 .The N—nltrosourethane 65 ‘was

274"

66 was also prepared by a similar sequence. Although

formed by the reactlon of 64 with N.O The N—nltrosourea

& .




45
base treatment of 66 di&not afford any desired.diézo
compound, the-N-nitrosourethane 65, upon treatment w1th

sodium methoxide, ;oVLded the expected dlazoalkane 47 in

addition to varlable amounts. of the cyclobutene derlvatlves

67 and 68. The formation of the dlazo compound was 1nd1—
cated by the pink,colof of the reaction mixture and an ir
absorptﬁon at 2030 cm—l.: The pmr spectrum of the mlxture

showed peaks attrlbutable to the dlazo compound at 6§ 0.98

. (9H), 1. 17 (18H), and 4. 07 (lH) ~ _
. b \ ! ) i . -

OH OMe _

65 ‘ 47 o 67 68

Voo |
: éene:aliy,SG when N;nitfosoufetheﬁe 69 is treated with
base, diazotate saI% 70 is‘fofmed, which is stable in the
.abseﬂéevof'amproton,source. Protonation of(a d%gzotete , \
salt 70 by the addition'of water, ‘affords a diazotie acid |
-Zlk‘whioh'partitions between-fofmations.oﬁ diazoalkane 72
and carbonium ion 73, depending on the structure of" the
, spmpoﬁnd and reactlon conditions. 1In the preSent case; the .
Eormatlon of cyclobutene derlvatlves 67 ‘and %8 is- ratlonallzed

.by the formatlon;of the carbonium ion intermediate 73. . .
'“,ﬂ?‘ “ ——-‘

L

o
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-N=N-OH

=N-0~ —p R-CH,

Because of the 1nstab111ty of dlazoalkane 47 fwe photo-"
ly%ed the crude mixture dlrectly at low temperature. QThe,7

iprogress of the photoly515‘at —70° was monltored‘by low-
temperature pmr sPeégépggopy, and 1t was observed that a

new 51gnal at & Si‘;iiﬁﬁigand addltlonal two singlets at $
1.05 (18H) and 1.22 (9H) appeared at the expense of those
ascrlbed to dlazoalkane 47 These new 51gnals dlsappeared
alﬁost 1nstantly elther on exposure to air- or warmlng to

f room temperature; The react1v1ty of. the photo product pre—

«

“cluded further purlflcatlon, nevertheless the pmxr 51gnalsigg%g1
Vare*ev1dently due to the desired tr1 tert buty&[4]annulene :
i

li. Eurther vconflrmatlon of the~structure was obtained-




e

_chemicaily. Maleic anhydride was ‘added to the crude pheto—;
lysate-at’—78°,fand-the adduct‘ii_was“obtained as colorless
crYstals,pmp 123?0—124;5°.. The pmr spectrum showed three’
gggtfbutyl groups, and the cmr spectrum~e§hibited twohole;‘
.fiuic carbbns. These& results 1nd1cate that the adduct has
a [2. 2 O]blcyclohexane rlng smgtem, similar to adduct 53.
The presence of an ABC system at ) 3 1- 3 5 in the pmr
kspectrum suggests that~a proten is attached.at the bridge=--
 head positidn. ,AltheUgh the_sterecchemistry of the- |
anhydrlde m01ety is not unamblguously establlshed,>;t‘i5'

tentatively as51gned the endo-conflguratlon'by analogy -

7K¥ith,53ﬁ

ThlS compound 13 1s the flrst [4fannulene derlvatlve

whlch possesses a proton dlrectly attached to the - system.»

v~’U51ng the C-2 proton (6§ 6.42) of cyclopentadlene ‘as a

’reference, the difference, AG l 04 6 42 5.38, may be takeﬁ

-

as . the. paramagnetlc contribution of the 1nduced ang currentp

[

If one neglects the,perturbatlon of the electronlc struc-

ture of 13 caused by - the three tert butyl substltuents and

adopts, (i) the equatgon (l) advanced‘by Pople and Untch,23

;*) The equatlon (1) 1;,23 o - e
occ. E v
1= (r%e?8 o/ 0)5(321/%2) E [l+2)\cos(‘w§/M)+>\ ] '3/2vx

f,J
[A+(1+A )cos(4n3/M)+kcos (4nJ/M)]

where I1,S,:\ and Boare ‘induced’ rlng current per unlt magnetlc

”field,-area,of the ring, the degree of‘bond alternatlon, and

<

] valuedfor benzene respectively. AS=I ivSpaciai factdr (Biot-~

Savart law).

. . . . . ¢
N . - X . . X
by . .
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to calculate the induced r1ng current in'an [M]annulene,

(ii) the reactangular geometry predlcted by Dewar,24e (these
values aretqulte close to those of compound ll), and (iii)

Coulson and Golebiewski's equation for the estimate of A;57:

one obtains a paramagnetic contribution of 1.18 ppm' for [4]-

annulene (the calculation was done by Mr. Morio of this

‘department). The agreement between the experlmental ‘and

calculated values is excellent Thus, one can conclude.
that the ring current 1nduced in the [4]annulene system 1s

E_ramagnetlc, but not dlamagnetlc.

Maler et al. were able to'synthésize 13 by .an indepen-,

9

dent route.58' Trl —tert- butylcyclopentadlenone 75, upon

"’photo~1rrad1atlon at -l98°,loses carbon monox1de and forms

13, which exhlblts a pmr spectrum-ldentlcal to that of our

,compound, They also succeeded_in obtaining the«phdto—

53

- electron spectrum of 13.77 The first vip'was-found/to be

6.83.ev ‘leading them to the conclusion that 13 is rectan— E

‘gular and having a geometry 51m11ar to that of 12 (However,

%
X

see footnote** on page 42.)

Ay
s
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We, have thus succeeded in preparlng tri- tert butyl[4]—
annulene 13, the first example of [4]annulene derivative
wltn—7 proton dlrectly attached to the ring-and have
demonstrated the existence of a: paramagnetlc rlng current,
the degree of whlch is in good agreement w1th ‘the theore—

tically calculated value. -

o
“ad
14

R TRACR

i

<
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‘B. Spectrbscopic,detection of parent [4]annulene.

‘Our attention was next turned toward-the.detection
“ ~

RN
By

Lof panent [4]annulene.1tse1f trapped in a matrlx, by .

i
means 'of its uv and esr spectra. The 1deal precursor re-
s o .

¢
~-

. quired‘for\thiSvpurpose.is a compound which generates

f4]lannulene By a photochemical reaction,@one of very
!

'few chemical transformatlons which can be induced in a

low: temperature matrlx., Another requ1rement is that the
51de products Wthh are formed must.be transparent in the
\v region of 1nterest, and also must not 1nteract chemlcally

¥
with [4]annu1ene. ‘

It is known thatvanhYdride 76 photochemically producgs

-phthaiic anhydride and ethylene quantitatively.so‘ We

A — e

1

~ therefore anticipated that the-tetracyclic triene 77 would

photochemlcally generate [4]annu1ene 1 together w1th
4 *
phthalan, which has no uv absorptlon above 280 nm and

'would be expected to form no charge- transfer complex with
_ )

50
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'[4Lann&lene.

(*&4 . . . . 0
‘The synthesis of 77 was accomplished by the following
_ro&te;” A Diels;Alder reéetion of anhydride 7861 and
cyclobutadlene" which was generated ‘in 81tu by the
ox1dat1ve decomp051tlon of lron complex 3, af?of&éd”a_
mlxture ‘0of the desired adduct Zg_and unreacted starting .
éﬁhydride 78. The exeess reagent 78 ceuld be selectiyelyr
hydrolyzed 1n methanol, and the neutrel'produet;;as ieo—
1ated. The stereochemlstry of this adduct is very llkely.
to be.as shown»below,'based on the general mode of the

.Diels—Aldef reaetion;




S

The aﬁhydride 79 was reduéed by lithium aluminium
"hydride to the aiol 80 in 88% yield. Cyclization to
ether 81 was achievéd by treatment with one!equiVaient of
tosyl chloride. ‘Tﬁe initially formed mbno—tosylaﬁe éppeared
to cyclize relatively slowly in competition Qith the
'formatidn of the digosylate of 80. Therefore, ;fter a small
portion of tosyl,chlor&de was added,"th? cyclizationv
}step'wés;forced to“complétioﬁ'by increasing the reaction
tempeféture. Theﬁ\tﬂis process was repeated until one -
eqﬁivalent of tosyl qnlbride bas added. In‘this'way,the
‘fbrmatioh 6f‘thé-ditosylat¢ Was'minimized; No detectable
amount of the ditosylate waévobtained; and the‘expected.
ethérlgl was obtaineé in 75%;yield;. : o ;
'We-attémpied to éonvert the'cycldhexeneomoiety éo o
the corrquondiﬁg cyclohexadiene by a‘brominationfdebromi—
nation sequence. Thus, the ether §l w&s treated with bro-
) ming{ howeQer, only a complex mixturevwgs obpaihea.
Epoxidation Qf.gllwith mf¢hloroperbénzoic adia prbduced

only the undesired epoxide 82.

\\aq,m/
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Howevef#, oxidation®? by singlet oxygen produced the .
fruitful result. Diene 81 wag i}radiated in methanol with-
a ﬁigh pressure'merdury.lamp in the presence of methylene |
blue“éé a sénsitizor, while oxygen gas was bubbled through
'fhe reaction mixture. The crude allylic h&dropefq%ide ‘N

was reduced directly with lithium aluminium hydridé to

give allylic alcohol 83 in 60% yield.

\ ﬁ ‘ ‘ P

Oxidation with hanganese dioxide converted alcohol

83 t6 the corrgspondiné a,p—ﬁnsaturated ketoﬁé’gi. The
tosylhydrazone gg{ formed.by ieadtion with tosylhyérazine

CZ%Th\methanol, was reacted with two equivalents ‘of methyl-

63 ¢o produce the expected triené 77 in yields of

lithium
10-50%. The f;iene was purified by preparativé glpc
(UCW-98). It is knéwn,63 however, that carvone tosyl-

24

hydrazoné forms the corresponding diene in very high

CE
%

k)

P
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yield. The low yield of triene 77 i§'rationa1ized by the
fagt'that the prbton which must be!abstracﬁed in 77 is

in a very hindered positidn, compared with the correspondihg.. <
proton in carvone. ' _ ‘ h - |
‘ Sharpless et él. has repofted'g-sﬁccésSful‘deékYgenation
of an géoXide using a WCis-g—butyllithium réagenp,sg

. Althbﬁéh,the‘ac al reacting. species as well as the reac-
Eion methanism is not cle;r, we examined .a different 

\

scheme leading to triene'zz, which could use this deoxy—

‘genation reaction in the final step; The epoxide,gg was
treated with bromine in dichloromethane to form the
dibromidé ég, which was used directly for the dehydrobromi*

; _ , cis
nation step. Treatment of crude 86 with potassium tert--

butokide in dimethyl sulfoxide produced diene 87 in 80%
overall yield from epoxide 82. - Deoxygenation of 87 with
‘WC16~Q-BuB16$’wa$ carried out at room teméeratufe and

the expected triene 77 was obtained in 72% yield.




The structure of this triéne 77 is confirmed by its

pmr, uv, ir, and mass spectra. After the above results ..

-were printed, Martin and .Hekman reported tﬁe'pféparation

kgof this triene through an alternative route, as shown below,65

88 .

77

Thls ‘sequence has a serléus drawback in thatgthe
cycllzatlon of 88 proceeds only 1n poor 'yield. Treatmept
of diol §§vwith tosyl chloride, as reported,\65 produced
ethertgg and a substantial émopnt of by-product, to which

the authors assigned the structure'gg.K’We expected ' to

be able to obtain the éther 89 by .cyclization of this

. T
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mono—tosyl‘te,/ﬁnd treftedygg with bases such as pyridine,

- sodium hydride, sodium  amide, and'potassium tert-butoxide.

However, the stagting material was invariably recovered
unchanged. - This unexpected stabilit¥ and the pinr spectrum‘
of this coupouud led us to doubt the correctness of the
proposed structure 90. The pmr absorptions forvthe two
Cﬂz groups are at 0 2.00 and 3.53. The correspOnding
absorptions in diol 88 amd ether 89 are at & 3.60 and
3.59,‘resgectively Structure 91 explalns the large

chemlcal shift dlfference between’ these two methylene <

\

signals, and should be aSsigned to this by-product.

The cycliiation step to-form 89 has the lowest yield

(Zf%) reported65 for this sequence. We examined sevé%al‘

modifications in order to improve the yield, and found

that initial formation of the dianion of d;ol 88, followea
by cyclizatiqgghy-means'ofqtosyl chloride raised the yield
of 89 to 5sg;l§’ . |

As expected, 'triene 77 has a broad uv absorption at

250 260 nm. This regibn is 1deal for the subsequent photo—
"/

reactlon u51ng a low pressure mercury {hmp which emits

'_ mainly the llght of 253 7 nm. When trlene 77 was 1rrad1ated

at -90°, the pmr spectrum of the photo—products showed
peaks only for phthalan (4§ 4.96, 7.16) and the [4]annu1ene
§X§fdimer (53.05, 5.94). These two products Qerk also,
identified by" glpc analy51s (UCW—98) Thls indicated that

P
the reaction took place in, t%e expected manner to form

-
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o

[4]annulen§fl(as-a reaction intermediate. : c

N "In order ‘to record the uv spectrum of [4]annulene l

_ \c}n a matrlx, low—temperature photoly51s was carrled out

v

'2- Methyltetrahydrofuran was used to form a transparent
mat\Ex at near laquld nltrogen temperature. A solution. of
triene 77 in- 2—methyltetrahydrofuran, under an argon atmo—
sphere, was”placed in a l-cm quartz uv cell. The cell
'was cooled to below -170° wlﬁh,hltrogen gas, whlch was
pre-cooled 1n a llqu1d~n1trogen‘bath - Irradratlon by a
low" pressure mercury lamp was contlnued for 1-2 hours and
bthe uv spectium recorded. The matrlx was then melted and
subsequentlykS%oled to the same temperatune as before, and
the\uv,spectrum agaln recorded. The' dlfference oﬁtthe two

. »
Spectra was taken to besthe spectrym of [4]annulene, whlch

‘
was found témhave a maximum at 300 m (e 100), (Figure VI. )
The esr spectrum of . the photolyzed matrix was recorded
but no esr 51gnal attributable to a trlplet species was
observed These results 1nd1cate that the triplet state
~of [4]annulene is" nelther the ground state nor a low-lying

£y

“fexc1ted state. The weak absorptlon at 300 nm agrees espe-
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Figqure VI; Uv _spect_;rurh of [4)annulene.
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lc1ally well with the calculated result for the singlet

-24b, C to have»a weak

. - o O
Maier et al have develOped an 1ndependent route to

[4]annulene derlvatlves.ssr Irradlaﬁégn of'anhydrldes gg
hav1ng;51mple alkyl,substituents was expected to result
1n the ellmlnatlon of carbon dlogﬁde and carbon monox1de,

-_formlng [4]annulene derlvatlves.’ In most experlments carried’
~ .
out to date, cyclopentadlenones, whleh ‘possess strong av.,

absorptlons, are formed together w1th the desired [4]annu-
4
lene derlvatlves» Consequently, the observatlon of\the

a

de51red weak uv absorptlon of £4]annulene was not achleved

o

—» || |l + co, + co %

After the publlcatlon of ‘oux result, the same groupz
reported the result of the photoly51s of the parent and
mono tert b‘ vyl tltuted cyclobutenedlcarboxyllc aphydf

. ¢
66b 67 ’cases; the desired~[4]ann01€néi'

rides.
\»\" Y o \\4\

?’whfbh}was’generated in an ether/tetrahydrofuran/lsopentgne
Tatrix, exhibited a uv bsof@%xon at 301 nm.f No cyclo—' B

- pentadienone was,jormed )These»re- fts corroborate our

observation ﬁﬁat'[4]annu‘ene.possesse5’a‘weak uv'absorp—

5 ; : . ' ‘ oy



a't 300 nm«,

Aaﬁ" Thex alSo prepared tetramethy1[4]annulene 93 in'a
, matrlx from a number of precursors 94-98. 66b, 68 It‘ should -
be- p01nted out -that compound 97 has the same basic ring

structures.as our precursor 77.. When 96 was 1rrad1ated‘1n
a matrlx, a deep coloratlon was observed due to a max1mumu

S
at 495 nm, . and a dlmer of tetramethy1[4]annulene and phthallc

anhydride were isolated from the reactlon products. "On
cleavage of 97 neither coloratlon nor a maxlmum above 300

'nm was observed although a- dlmer of tetramethyl[4]annulene

and phthalan were produced Slmllarly,. 4,95, and 98 were

‘0‘

%
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¢

photo-cleaved generating‘tetramethyl[4]annu1ene 93 in-a

matrix. wHowever;-a”different uv. spectrum was recorded for

each one of these‘fragmentations. ‘These inconsistent‘
results were explained by the formation of a charge-

transfer complex between tetramethyl[4]annulene-and the

-

other cleavage‘product. For instance, cleavage of 96 .gene—

rates 93 and phthallc anhydrlde 51multaneously. The neces—
sary geometrlc arrangement to form a charge transfer complexv

99 is already prov1ded by the startlng materlal On the

‘ ‘other H/;d the maximum at 423 nm observed upon cleavage
2

of 94 is solely due to. tetramethylcyclopentadlenone. Only

the fragmentatlon of 97 generates free tetramethy1[4]—

'annulene 51nce phthalan is not prone to act as. electron—

"t

acceptor, amd no. apprec1able absorptlon above 00 nm was‘

' observed -~ These experlmental results support our, own .

finding tha the observed absorptlon of the produwt formed
by the phot ly51s of 77 is 1ndeed that of [4]annu1eneb
-tsxlfé“g@ R ' -

, C52&11 oﬁ thesé/results obtalned from the natrlx uv spec—
tra suggested that the ground state of [4]annulene has a i
51ng1et spln state, as supported by theoretlcal predlctlons.

|

HoweVﬁr, contrary to thlS, the ir ‘spectrum of [4]",

'annulene was characterlzed in an argon matrix. by “two, 1nde—s

ad

pendent groups,24f 69 leadlng to the conc1u51on that [4@—

o annulene has a square geometry suggestlng a trlplet (ground)"

1
J .
state. Upon lrradlatlon,‘a—pyrone, 1solatedv1n‘an argon

|
B
|

k4
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matrix at 8°K, converts' slowly to the g- lactone 100.

Further 1rrad1at10n gives rlse to. [4]annulene 1 and carbon
d10x1de.‘ Group theory predlcts four ir- actlve fundamentals.
ESF‘D \4square planar)— and seven for Dzh(rectangular)-

[4]annu1enes. The 51mp11c1ty of the observed [4]annu1ene

L Air spectrum, which con51sted of four absorptions, Ted the

authors to conclude that [4]annulene has.DAhﬂsymmetry,
, L=

The locatlon of the bands is also 1n good agreement with

Ve

those obtalned by the’ theoretlcal calculatlons. ' They also

prepared .morno-, 1,2 di-, and 1,3~ d1deutero[4]annu1enes from -

approprlately deute'ated a—pyrones. The 1nspect10n of
these spectra supported the authors conc1u51on. Thls
result 1s apparently in contradlctlon w1th other flndlngs,

‘all of whlch support the rectangular 51nglet ground state

rd

of [4]annulene. _ o | L s

‘Recently, Dewar publlshed a suggestgon for" thls dls— g

' crepancy.70 Accordlng to his MINDO/3 caggulatlons -a reCf“\

tangular 51nglet (RS) is the ground state d§ [4]anﬁulene,
lying 3. 6 kcal/mol below the square trlplet\YST% A squarel
singlet (SS) is predlcted to be unstable by 13, l kcal/mol

o
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4

relative to the ST. - The intersection of the 51nglet and

¥

trlplet states }herefore lies above ST in energy Slnce

spin- orblt coupling is expected to be unlmportant, conver51on
of Sg to RS should require actlvatlon, with. the tran51t10anug
: state correspondlng to the lowest p01nt along the inter-
sectlon of the sxnglet and trlplet\eurfaces. Dewar‘calcu—
lated that the transition state for thi@ conver510n lles

‘2.3 kcal/mol;above‘ST. ‘He further.concluded that the
activatieh energy from ST to RS is at least :3.5 kcal/mol;.

and~sug?§$ted that the species obtalned from e—-pyrone would

have be§§§;he triplet and not the ground state.
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C. Conclusions. R | .

As described above, the century-old problem concerning
the .ground state properties of [4]annulene has almost *
reached its final 501ution " The follow1ng is ‘a summary

Y- .
of our experlmental results. =

A e ; ~ .
1) Methyl tri-tert- butyl[4]annulenecarboxylate 11 was
obtalped in pure crystal"re form. The X ray analysis

revealed that the four-membered ring has a rectangular

geometry with rather extensive bond—alternation. We are
now'aimost certain that the‘ground state of [4]annulene

systembis a singlet; The ‘likely geometry is a rectangle
w1th two short bonds of approx1mately l 37 A and two longert
onésjof the order of 1.51 A Should [4]annulene prove to

t obvious at the present

 be square for reasons;that are |
‘moment, both squaretand rectan ular.must reside in a region
of a fiat potential surface. | B |
d2) Tri-tertébutyl[4jannulene-13 was prepared in solution
and its pmr spectrum indicated the presence of a para-
magnetic ring current | " J

3) Parent [4]annulene ltlsolated in" a matrix exhlblts a

.weak uv absorptlon at 300 nm.
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CHAPTER IV. EXPERIMENTAL.

‘General

Ail melting points and eoilind points were3
uncorrected. ‘ |

The pmr and cmr‘epectfa were measured with Varian-Assof
ciate‘A—GO or HA-100 spectrometers'and a Bruker'HFX—lO spectro-
meter; reSpectiVely Tetramethy151lane was used as 1nterna1
istandafd; unless otherw1se stated. All coupllng constants

are reported in Hz. ~In reportlng pmr spectral data, the
follow1ng abbrev1at10ns are used. 4

. 1

. s _; single

_dodblet
vtriplet
q_;:quartet_
m ; mulfiplet.
The ir spectra were ebtained-On a Pefkin-Elmer model
257 infrared spectrometer. 1In reéortlng ir spectral data,
the follow1ng abbrev1atlons‘are used. |

s ; strong:

-

) m ; mediuma’
w3 weak
b : broadi
The uv spectra were detefmined using. Cary Qodel

14 and 15 spectrometers.:

/E.I. MS-2 and - - .
r&ae :

o

The'mass spectra were obtained with

65



JE | 6
MS-9 mass‘spectrometers. ,
| :Glpcbanalyses were performed with an FgM modle‘5750"
witth.vabcolumns (paoking is indicated in The text).
-‘The folloWing abbreviations'are-used for chemical
nameé. // | |
LAH ; Litgzom aiumlnxum\hydrlde S

Lo )
THF ; tetrahydrofuran,* ¢

*HMPA ; hexamethylphosphoric triamide

DMSOI:'dimethY1 sulfoXide

The pH 7 buffer solutlon was prepared by dlSSOlVlng

‘KH PO (9 1 g) and NaZHBO4 (18.9 g) in water (1000 ml).

2

All experlments were conducted under nitrogen or argon

atmospheres. A rotary evaporator (water asplrator) was

USed for the removal of solvents from all reactlon mlxtures,

,unless otherw1se specified. : : . , ST

- Photolysis of~tri-tertébutYl[4]annuleneiron.trioarbonyl

. : : : ’ ) 5
~(17) in the presetice of dimethyl acetylenedicarboxyalte.

‘A solution °f,ll (355 mg, 0.99 mmol) and dimethyl

acetylenédiéarboxYlate (430 mg, 3'0 mmol) in ether (90 ml)

' was 1rrad1ated w1th a hlgh pressure mercury lamp (Pyrex

filter) at -60° for 2 hr.' Evaporatlon of the solvent and
chromatography on 5111c1c acid (25 g) gave a mlxture (220 mg)
of dimethyl acetylenedlcarboxylate and an 1ron—free_adduct,

presumably diﬁethyl.3,4,setri—tert-butylbicycib[3;1;olheptaé '



-3;6-diep—2—one76}7—dicarboxy1ate‘19 (ca.iLO-I)7 and a brown
vsolid (259 mg) :The latter product exhlblts strong‘;§
absorptlons at 2030, 1985, and 1965 cm”t suggesting that
it is an 1ron carbonyl complex. Bure “adduct 19 was obtalned
-'by chromatography on silicic a01d (25 g) using chloroform
as the eluent. o« o Co .-
pmr 5(coc13); 1.12 (9H,s), 1.17 (9H,s), 1.22"(9H,s)} 3.75
(1H,8), 3.83 (3H,s), 3.90 (3H,s).
ir (CHCléf; 1730 cm—l (é), ‘ B
mass spectrum; 390 (M+) | v
| eiemehtal analysis; calcd. for C23H3405. C, 70.74; H, 5;78;

| Found: C, 70.75; H,8.72.

The brown solid (88 mg), prodUCed in the above reactlon,
was dlssolved in acetone (lOpml) and ceric’ ammonium nltrate
-(634 mg) was added at O° Stlrrlng was contlnued at 0°
for 30 min, and the solvent was removed Chromatrography
on a small amount of 3111010 acid u51ng chloroform as the
eluent gave an oil (77 mg). The pmr spectrum 1nd1cated :

that the major product was 19

Reaction of 3-dichloromethyl-1,2,3-tri-tert-butylcyclo-"

propenev(gﬁ) with tert-bdtyllithium.

+

To a solution of dlchloromethane (339 mg, 4.0 mmol)
in THF (20 ml) _was added at -78° a hexane solution: of. n-

butyllithium (1.5 M, 2.66 ml, 4.0 mmol). After_stirring

PIE

- for>15 min at 478°, tri-tert-butylcyclopropenium fluoro-~
, ! == | ‘ , T
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borate 49 (1.0 g, 3.4 mmol) was added in small portions.
Stlrrlng was contlnued for 2 hr at ~78°, then the reactiou
mixture was warmed to -25° ‘and to this was added in
dropW1se a pentane solutlon of tert-butyllithium (2. 2 M,
1. 8 ml 4.0 mmol). Afterﬂ2 hrvstlrrlng‘at -25°, the reactioh
mixture was poured-into ice.~ The organic layer was‘washed'

’ with brine (3x10 ml), and drred over MgSO4 RemoVal of

uthe solvent followed by -a molecular distillation (bath
'temperature 24 27°/0.05 mmHg) afforded an 011 (660 mg),

which contalned chloro—tr1 tert butylbutadlene 23 in ca\

\

90% purlty. Pure dlene‘gg was obtalned by preparative

© glpc (UCW-98, 135°).

pmr § (CDCl Y; 1. 08 (9H,s), 1.20 (9H, S), 1. 25 (9H, s),
5.42 (1H,s), 6.07 (1H,s). |

mass spectrum; 256,258 (M' calcd for CycH,ygCl, 3:1):
o -/ o ;

‘Methyl tri—tert—butylcyclopropenyldiazoacetate (gg).

To a v1gorously stirred solution of methyl dlazo~
acetate (903 mg, 9.03 mmol) in. ether (40 ml) and THF (40 ml)
was added dropw1se at llO° a hexane solutlon of n—butyl-_
‘llthlum (1.6 M, 6.0 ml, 9. 6 mmol)- After the addltlon was
complete, the mixture was stlrred for 40 min at ~110°.
Flnely ground trl tert~butylcyclopropen1um fluoroborate .l
(2.358 g, 8.00 mmol) was added in small portions. After .

3 hr of stirring at -110°, the reaction mixture was allowed
to warm very slowly to room temperature, poured/into brine

(200 ml), washed with brine (100 ml), and dried over Na,SO,



was chromatographed on neutral alumlna (

75 q) uslng pentane/ether (100 3,v/v) as

crystals,’ 2. 19 g. f
pmr 8 (CDCly): 0.93 (9H,s),
ir(CHC1,); 2080 cm 1. (s), 1698 (s).

i

'Methyl tri-tert- butyl[4]annulenecarboxyate (ll) "ths, “QiT

3
3 N
i S N -%&»
P .
4 b .

Dlazoester 46 (336 mg), dlssolved in methylcyclo—

hexane—d14 (1.6 ml), was 1rrad1ated with .a hlgh pressure * :;S%
Ty M
mercury lamp (Pyrex filter) at -78° for 13 hr. Aﬁter 3 n;
ey
of lrradlatlon, llght brown crystals  began to prec1p1tate e

When the phtolysate, after completlon of 1rrad1at10n, was

Warmed to‘room temperature; the precipitated crxstals -

o, ' " ‘\\ N

- dissolved. . The conversion to 1l was almost quantiEa ive.
'pmr 6 (methyloyclohexane=d, ) 1.13 (18H,s), 1.19 (9H,s),
3.45 (3H,s). | )

cmr G(methylcyclohexane d14), 29.7 (H c-C), 31.6, 31 8 .
(quart.~C), 50.4 (OCH;), 147.0, 154.5 (olefinic-C), 165.7
(‘c=o‘)_.‘ |

s,

'uy Amax.(pentane); 425 nm’ (e 47). - , r

ir (pentane); 1716 cm

Tﬁe photolysate was cooled ‘to -78°, and after crystels
had appeared, the mother liquor was removed by syringe.
Recrystallization from pentane at -78° was repeated twice:

end;the pure crystals were dried under vacuum. The crystals

sublimed at 50°/0.01 mmHg and had a melting point of 70.0°.
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4

A single crystal wasfmounted manually in a caplllary tube
for X-ray analysis. This operatlon was carried out in a

_ rigorously anhydrous dry-box under an oxygen- free nitrégen

atmospﬁere.;
. ~. “/
¥ Adduct of 11 with maleic annhydride. (53)

.Irrediatien'of diazoester 46 (428 mg, 1.4 mmol) in
.ether (30 ml) as before at —78° for 2 Hgﬁafforded a light
broyn solgtlen,ﬁlo whlch was added a solutlon of maleic
# “;.anhydride (137 mgzwl,40rmmol)“!n ether (1.5 ml) and THF
‘f1.5 m1); The mixture was allowed to warm to room temperature
Removal ofgthe solvent gave a coiofless-crystalline product
(479 m§, 89%), which, after sublimation at 80° .under high
' vacuum, had a meltlng p01nt of 213 0-215.0° (ether) . |
| .pm% S (CDC13L, 1. 08 (9H, bs), 1.22 (9H,s), 1.30<;;i,s),
. % 3.73 (3#,s), 3.50 (TH,d,J=8.3), 4.20 (1H,d,J=8.3).
| omr § (dioxanerdg); 27.8,31.0, 32.8 (H,C-C), 33. 7’ 34.4,
34.9 (quart.-g), 40;9,041.4 (tert;fgx, §7;2, 68. 6 (other
quart§.C), 152.8,157.4 (olefinic-g) 171.7"172.5,172.7 (C=6).
1rg(nujol);~1865 em™t (m), 1796 (s), 1715(s). |
'uv (ether)d 215 nm. (€ 3240), 225 (16%5), 235 (680).
-fhaee spettrum, Calbd for C22 32 5. m/e=376.2250

PO R Found: m/e—376 2241.

Ye.
5,
W
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A
£

‘u‘carbonate (28 5 mg), water (3 ml) and dloxane (2 ml) Wd‘l

o stlrred at 70° for 15 mi '

bstep

r'(2 5 mi) contalJlng trlethylamlne (0 3 ml) was added tov

o
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o
»

T R - ‘
Conwersion”ofLanhydride 53 to lactone 59.

‘A mixture of anhydride 53 (102.mg, "0, 27 mmol), sodium

_dht the end of this tlme, a

clear solutlon was obtalned \The reaction mlxture was

\

1f11tered ac1d1f1ed w1th 2 Nv Ci\ and extracted three tlmes

\

I w1th dlchloromethane (60 ml in total) The comblned
&
extracts were washed w1th brbne (50 ml) and drled over
- Nazso4 - Flltratlon and evaporatlon of the solvent left )

"dlacld 58" (llO mg), whlch was used dlrectly in the next i

RN

pmr 5 (CD,OD); 1.09 (SH,s), 1.26‘(9H,s),‘1;34;(93,5),‘3;58

3

} N
3.93* (2H, AB, J=11.2), 3.69" (3H, s) “yq

A solution of dlé\}d 58, (110 mg , 0.27 mmol) ln water

'

o pyrldlne (20 ml) in an~electroly51s cell ‘whfch was cobled

h‘w1th an 1ce-bath to ma1nta1n the solutlon at about 20°F

The solutlon was electrolyzed w1th a current of 600 mA (70

, el .
VY, whlch after 1 hr decreased to less than 100 mA The .

®

‘reactlon mixture was dlluted w1th water (40 ml) and extracted‘

W1th pentane (6x30 ml). ‘ The comblned pentane extracts were

'zwashed w1th cold 2 N HC1 (3x10 ml), 5% NaHCO3 (3x20 ml)

S 2

brlne (30 ml) and drled over’ Na2504., The solvent was

removed to 1eave a white crystalllne product, 37 9 mg (46%),

¥

" mp §OO° (dec ). S S W o SRR

‘,f L . ) e

d



‘pmr § (hexamethyldisilane, Chlorg@%hzene, 150°3;.b.96 (Qh,si,
1.11 (9H,s), 1.22 (9H,s) 3.45 (3H,s); 3.12-,,3£53 (2H,..AB,
s=11.2). | I _u
Jir(CHC1,); 1785 aml (s), 1735 (s). \ PN

Adduct of 11 with dimethyl aoetylenedicarboxylate.(EQ).

After'theﬂirradiation of aiaioester 46 (306 mg, 1.00
mmol) in ether (25 ml) at -78° for 85 mln, a solutlon of »
d1methyl acetylenedlcarboxylate (116 mg, 0 82 mmol) in

ether (2.5 ml) was added.. The mlxture was allowed to warm
K to room temperature After standlng at room temerature for

e 2‘% hr, the solvent was removed to 1eave a yellow SOlld

(329 mg), which was chromatographed on SlllClC a01d (15 g)

2"

u51ng pentane/ether (10 1, ‘v/v) as the® eluent.. Pgre 8rys~l o
T ﬁ’ } PR
. 'talllne adduct 60 was obtalned 240 mg (70%),,mpﬁ9? 5

lOO 5°(pentane)

pmr_ G(CDCl ) 1 16 (9H s), 1.23 (9H}s),.%TZG'(QH;s)?,3;36
. (3H, s) .- 3.79 (6H,s). oL '!-'Hio e e
o >;¢mr 6(cnc1 ), 28.6, 30 0.6, 31. 5 (CHy), 33. 8, 34.4, 34.6
”";(quart. -C of tert butyls)h 51, 1 51.8 (OCHy), 61.2, 73;7
(quant ~c), 144.4, 152,.7, 153.1, 157.9 (Oleflnlc-C), 162.3,

An,;* . : . . e

i : . ‘ o _" N o . » : : &
S 164. 8, l%&ﬁwﬁbo% wé e “ e ﬁ‘. |

ir: (cnc1 ): 1740 cm *(s), 1635 (s).

uv (ether); xsh,2381nm'(e»2890).
mass speotrpm; 420 (Mf).r
24'36°6°
.tound, C,68.58. H,8,63.

“elemetal analySis}_Calcd for C, Hy Ot C, 68.54: H, 8.65.
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tmass spectrum; Calcd for C16 27N m/e—233 2144

.73

P
1,2,3-Tri—tert-buty1cyclobutene.(57) |
B ’ 30b .
' Thls compound was pnqpared as reported from 3,4-‘

/:, .

, dlchloro-l 2,3- trl tert butylcyclobuten

<

"-cmr s (CDCl ); 28 3 31 0 (H C~C),* 29. 4 (CH ) 32. 6 32.7.

- Mquart.-C), 49.8 (tert—C), 148.1,148.3 (oleflnlc C)

uv (ether), 215 nm (e 2640), 225 - (29ﬂ), 235 (61).

.

L o T -
3- Cyano 1; 2 3 tr1 tert-butylcyclopropene. (62)

A mlxture of trl-tert butylcyclopropenlum fluoro-

' Pborate (10 g, 34 mmol), NaCN (32 g, 0. 65 mol) and water

PR

(Sooﬁhl) was stirred ‘at room temperature for 1. 75 hr

2

h_ Ether (150 ml) Was added and stlrrlng was contlnued for a

,further 1. 5 hr, The ether layer was separated and the-

aqueous layer was v1gorously stlrred for 2 hr w1th ether

v(200 ml), after whlch the ether was separated : The comblned

ether 1ayers were drled over MgSO4'and evaporated to glve

pure cyané compound 62, 7. 9 g (99%)

pmr G(CDCl ); 1.02 (9H s), 1. 3@ (18H,s)

1r (neat),)2220 cm_l'(s). e%:'

Found; m/e=233, 2138 . 'V.i .

# . . ) ¢ &

EETE N PN S o ~h - .
3-Aminomethyl—l,2,3—tri—tert-butylcyc10propene. (63)

To'a 2—i;three—necked;flask, equipped with a dropping
'funn%}; aureflui condehSer; aﬁd‘a mechanical stirrer was |

! . e he
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[ “
-

added cyano compound 62 (7 335 g, 31.4 mmol) and THE (55@

ml). Wlth stlrrlng, a THF sq}utlon of LAH (0. 60 M /156 ml,wm
' EURE -

.‘90 mmol) was slowly added at room temperature. After 23 hr

stlrrlng at room temperature, excess LAH was carefully

decomposed at 0° w1th a mlxture of" water (20 ml) and THF = &
(30 ml)._ Flltratlon to femove the 1nsoluble salts and.

washlng of the salts W1th ether (500 ml) was followed by
' %

evaporatlon of the solvents. A pure amine, 7.34 g (98%) was_

obtalned as a colorless oil, o - a

pmr 6 (CDC1,); 0:96. (9H, s)., 1.28 (18H, s), 2.88 (2H, s).

. . -
ir (neat). 3330 cm l,. . S “‘ e

o

4

mass spectrum;_No molecular peak. m/e 207 (base peak

—CH NH ) - Calcd  for C15H27 m/e= 207 2113, S | o

qé'\’Found m/e 207.2109.

>[ﬁ;ezgane\of gg,(gg) }‘ .

.uspen51on of amlne 63 (l O g, 4. 2 mmol) and‘

" To a

-KZCO (350 mg ‘ ; Aozene (10 ml) was added dropw1se a

solutlon o f chloroformate (550 mg, 5. 06 mmol) in

benzene (5 ml) at room temperature and the, mlxture was

8
_ st1rred for 1 hr. Suff1c1ent ice was added'to dlssolve

R ’ ’)
the’ 1norgan1c salts and the benzene layer was sepérated
The aqueous layer was extracted tw1ce w1th benzene (10 ml '
# .
1n total) " The comblned benzene layers were washed w1th n

brlne (20 ml) . and drled over Nazso4 - Removal of the solvent_

followed by dlstlllatlon (bath temperature 80°/0 02 mmHg) \

N



' J‘S), 3 90 (1H,b), . 4 60 (2H, b).

oy 1r (CHCl ), 1670 cm

75
yielded urethane 64, 1.1 g (98%). '
| pmr 8 (CDCl ),-o 95 (9H, s), 1.20 (M{t:J 7 2), 1.22 (18Hss@
3.43 (2H d,J=5. 4), 4.08 (3H overlapped with NH,q,J=7. 2).

ir (CC14), 3450 em” (m), 1815 (w), l725(s)i

Urea of 63.

| T6 a suspension of ‘amime 63 (1.0 g, 4.2 mmol) and
. . 3 ) - ’ oy
hydrochloric acid (1.44 N, 2.9 ml, 4.2 mmol) in water

(30 m1) was added K?NOA(1,02 g,-12.6_mmol)_at‘room'temperature'

and ‘the mixture-was Stirred'for 30 min at room teﬂ.irature,'

and then for 1 hr at 550, The white prec1p1tate was removed

' bJ flltratlon, washed w1th water (200 ml) and drled under -

vacuum to glve the urea, 1 044 g (88%).

[0

pmr § (CDCl ); 0.95 (9H,s), 1.23 (18H s), 3 39 (2H d

1(8)..

o G\, ‘ o " L

R N

1,-N1trosoureth ftom - 64. 665) ‘ L

. ‘vjﬁ _ | . .

‘To:a suspensk@ﬂ&of urethane 64 (1. 199 g, 3. 87 mo&)
v

5

o and sodlum acetate (324 mq) 1n THE&JBO ml) was added 1.2

8

s e
‘equlvalents of N204A1n ether (QQB mI) at —3%h -The pale
t»
yellow solutlon was. stlrred for &0 mln whlle gﬁlow1ﬂ§ the~
temperature to reach 0°. The yellow_reactlon m%xture was
-then stirred for 5 hr at 0°. Aftefﬁfiltration,through’a

‘.Celite-NaHCO3 pad,xwhieh‘was then washed twice:with THF

R Y ' . S ' . ‘
(30 ml in total), the solvent was removed at 0°. The residue

e . . PR 2



%H/ S x;;%%, A 16

was dlssolued~1nyd1€hloromethane (30 ml), washed w1th 5%

NaHCO3,'and brlne.. After drylng over Nazso4, the solvent o

.

was removed to giva 1. 33 g (100%) of N-nltrOSourehhane‘

“©

" pmr 6(coc1 ) 0.96 (9H s), 1. 16 (18H,s), 1.43 (3H t J 7.2),
-4.04 (2H,s), 4 50 (2H q,3=7.2). R T vl&
ir (éci ); 1815 cm” (w); 1745 (s). . R l"L LS

“mass‘spectrum, No molecular peak m/e 2?1 (M —tert—butyl)

Calcd for C15H25N203 m/e= 281 13?5 fff%

'Found: m/e=281.1873. .

pS

=N5ﬂitrg§ouJEa,(§§f

] To a mlxture of urea (539 mg, 1. 92 mmol) and sodlum
i\
acetate (160 mg) l!g dry THF( 55 ml) was added 1.0 equlva—

lent of M O in ether (0. 45 ml) at -30° . The temperature_]

| *l i was allowed to reagh 0° over a l hr p'j“

was: flltered Lhrough a pad of Cell

-“washedt%lth ether (100 ml) _ The f’ "i;t sEoncentrated,.

-, vield (516 mg) aff o

-merﬂs‘(cnei35;vo.93mx“,sr, 1. 25 (18H s), 3.58 (2H,8). ¢

ir (CHCl.); 1735 ¢m (s).

sourea’ 66 v&base.l : -v e

_ﬁeaction,offNehit‘

7
A

AR To a slurry f sodlum methoxlde (30 mg, 0 55 mmol)

in ether (5 ml) was addé% N-nltrosourea 66 (133 mg, O 43

Coo

e _v,mmol),at -30°. ‘ The mlxture 'was stlrred at 30° for 1.5 hru
= | J{Lm‘ . ?% ‘V';} ; « ‘ - . J[’. B "IQ N ) : ‘4 . v‘ R - .

™
4

J
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_Y-78° ' The 1r spectrum showed peaks at 2215, 2105 and

_1n ether (5 ml) was added N—nltrosourethane 65 (126 mg,

. was contlnued for 1 hr at =30°. ' The mlxture was cooIed to

. e Sva e C N o ot Lo ‘v\\“ }
T o e 'ry“&:’f},: . N j‘(v?: ¥ ; ' T Ty J'

: SR O o
§ :';ﬁx- . w .
“ R ek b

The orlglnal yellow color drsappeared soon after the
addltlon, and“then the yellow color re- appeared \The' . ,lf

mlxture was-. f11tered through a- 51ntered-glass funnel at

~1735,cm»‘ but ‘no peak at ZOCTW m

‘Tri;tertdhutyl[4Jannu1ene\413) from N—nitrosourethane 65.

e

.
&3,
"t d

-

0. 36 mmol) ‘in. ether ( ml) The m1xture~was stirred for-'

oot

'30 min at —30° _ Methamol (10 ml) ‘was- added and stlrrlng

7 -

.

.-40° and to this was ad ed ethylene glycol—water (1 1, v/v,‘

-

Afjl ml) The organlc layer Was then drled over MgSO at —78°

4

‘:ahd flltered mhrough a Cellte pad " The ir spectrum of thxs

product exhlblted a strong absorptlon at 2036 cm l. .

'Methylcyclohexane =8y, (1.1 ml) wgyahiad

" the solvent tarefully removed u%gbr vac um at —30° _The}‘ %

re31dual solutlon was transferred Qo a nmr tube.. The pmr_

»

, spectrum showed peaks for the dlazo o po»nd and the by-f

| roducts and 68. After 1rrad1at’on at w%ﬁ& WIth a high
p \ 3 S

#messure mercury lamp for 4 hr, the diazo pe- s had com-

pletely dlsappeared A new péak at 6 5 38 ( H) appeared

" as wellras two 51nglets -at 61 05 (18H) and 1 ,22 (9H). These

absorptlons and the yellow color of the SOlutlé dlsappeared

&
almost 1nstantly upon warm;ng to room temperature or by

LN : ) . o : ] » 5

To a. mlxture of: sodlum methox1de (23 mg, 0.43 mmo1l) gi

Tt !

S
‘.v
b
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kbﬁbollngvoxygen into the nmr tube

| The methoxy compound 68 was collected by preparatlve‘v.
L gﬁbc (UCW—98) The pmr spectrum showed peaks at 6(CDC13);
‘gf' ' 0‘99’(95'5), 1. 15 (98, s), 1. 20 (9H,s), 2;;7.(1H,d,Jslb);

2. 25 (lH d, J 10), and 3.20. (3H,s)

a . . - . N . ) :
_Adduct of lé with maleic{anhydride.(74) a

N Nltrosourethane 65 (4. 5 g, 13.3 mmol) was treated
i w1th sodlum methoxide (3.6 g, 66 7fmmol) in- ether (300 ml;P .

. and methanol (3 ml), and was then uqsked—up ‘as above. The ’
. ~ (l .
crude mxxture was 1rrad1ated in THF - (35 ml) at —78° for

2 hr. To thls photolysate was added malelc anhydrlde (870 mg, -

..,819 mmol) Rem_yal O&:VOXatlle 1m§hr1t1es, followed by |
'nohromatography on 5111c1c ac1d (100 g) usxng chloroform !
L as ‘the.. eluent gave a mlxture (239 mg) of the adduct and
2l§§§?‘vi€afcohol 67. . The latter was removed by subllmatlon at 25-.‘

?0°/0 05 mmHg, to glVe pure adduct 741’175 m%\(4%), whlch

was recrystalllzed from’ hexane, mp 123.0- 124 %° " ‘%" |
pmf s (CDCl ), 0. 96 (9Hw l 12 (9H S)l 16 (9H s), 3. l"'
3.5 ' (3H, mé | | | .
‘emr § (CDC1,); 27‘0.;32‘1“36'6 (CHy), 32.8, 33.2, 33.5 (tert-c);
‘~;61 9 (quart C), 153 7, lSQ 8 (oleflnlc -C), 172.5 172 7 (C~O)
ir (cc1,); . 1847 em L(w), 1777 (s) |
elemental analy51s, Calcd for C20H3003 C, 75 43; H,9. 50

Found C, 75\35 H 9.46.

A

2 fﬁ Alcohol 67 was obtalned by subllmatlon, my 13.0-44. 0°.
o . 3 : : . . F . (’ :
‘\ L e

LTI
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: OB,
, w ’Q W

1w ‘

"pmr 8 (cDC13); 1.06 (9H,s), 1.17 (9H,s), 1.25 (9H,s),

1.60 (1H,s), 1.92 (1H,d,J=12), 2.55 (1H,d,J=12).

ir (ccly); 3610 em ! , 3550, 3400.

mass spectrum; m/eh238-(M+).

-

Trlcyclo[ﬁ 2.0ldeca-4,9- d1ene-2 7- dlcarboxyllc anhydrlde (79)

13

'; To a solutlon of anhydrlde 78 (5 0 g, 33 mmol) and

cyclobutadlenelron trlcarbonyl 3 (5. 0 g, 26 mmol) in

..acetone (170 ml) was- added cerlc ammonlum nltrate (85 g, .

155 ‘mmol) in portlons over a 1 hr period at 0°. ‘After

€

‘faddltlonal stlrrlng for 2 hr, ether (500 ml) was added to

the reactlon mlxture, which was then flltered through a

; Cellta-paq The 1nsoluble salts .were washed three times

)

'_,U’\
w1th EHF (100 ml in total) The flltrate was washed w1th

5%<&&§C8 (1b0 ml), brlne (100 ml) and drled over Nqaso

vgh@ﬁﬁq@Vept was - ‘Temoved and ‘the resultlng solid ( a mlxture‘

of the s@wttlng materlal and the adduct) was drssolved 1n

(100 ml) and refluxed for 30 mln. chhloromethane"

: was added and the organlc layer was washed wlth

"5§~N%§§b (50 ml) : and with brine (50 ml) Removal of
'hthe solve't gave a crystall;ne re51due, whlch .was subllmedf

u ]er hlgh ‘vacuum at 70-75° to afford the pure adduct 79,

- 2.4 (46§£?<Qp 157.0-158.0° (ether) DR Sy
pmr E\TGH

Cl )w 2.55 (4H), 3.32 (2H),‘5 98 (ZH), 6.35 (2H).

,/\\

N\
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2,7- Bls(hydroxymethyl)tr1cyc10[6 2. 0]deca 4,9- dxene (80)

A solutLon of LAH in THF €0.7 M, 34 ml, 24 mmol) was

~ slowly added to anhydrlde 79 (2.4 g, ll 9mmol) dlssolved
in THF (20 ml) and the mlxture was refluxed for 7 hr.
Decomposxtlon of excess LAH by wet ether, flltratlon through'
Cellte and removal of the solvent gave a crude product whlch
was recystalllzed from ether to afford the phre diol, 2.0 g
(88%), mp 132.5-134.5°, '
pmr 5(CDC1 )..l 90 (4H), 2.67 (2H), 3 43 (2H,d,J= 11), 4. 00
(2H,d,J=11), 5,95 (2H), 6.12 (2H).

elemental ahalysrs; Calcd for C12H1602 C,74.97; H,8.39. “}ff

! <
b3 . . “
P
‘ i Yeoor . ‘
« . . -

- 12~ Oxatetracyclo[4 4.3. 0 ]tr1deca—3 8 dléhe (81)

Found: C, 74.68; H,8.23.

i ' To a solutlon of dlol 80 (2.07 g, 10 8 mmol) in
dry pyrldlne (30 ml) was added tosyl chlorlde (700 mg,
'.'3 6 mmol 1/3 egulvalent) at 0°- Stlrrlng was contlnued
for 1.5 hr~at 0°, then for 30 min at room temperaturer -

£

Another 1/3 equlyalent of tosylchlorlde was, added and the
'reactlon mlxture was stlrred 51m11arly The last 1/3 equlva-.
"1ent of tosyl chlorlde was added and the reactlon mlxture‘ﬂ

was kept at 0° overnlght Pentane (200 ml) and ether (50
“'ml) were added to ‘the mlxture, whlch was thgn washed w1th
‘ water (50 ml) 2% HCl (30 ml), and 5y NaHCO (50 ml) After -

~dring over Na2804, the solutlon was concentrated and‘mole—

cular—dlstlllatlon at 50°/0 l mmHg afforded the dlene, 1 41 g



(75%) _ . - ’

Cpmr 6 (CDC13) 5 2.17 (4H,d,J=2. 5), 2.80 (2H), 3.37 (2H,d,3=

9), 3.90 (2H,d,J=9), 5.97 (zu £,9=2.5), 6.25 (2H). B

°

3,4-Epoxy—12—oxatetracyclo[4.4.3.02’5]tridecfS—ené.(gg)

A solution of diene 81 (205 mg, 1.17 mmol) and m-

o ' w , _ o :
chlokoperbenzoic acid,(85% 286 mg, 1.41 mmol) in dichlo~

Qo

. "m.-it;‘

 solution was ‘added an ether solutlon of LAH (1 M, 10 ml,

| fre51due, whlch was dlssolved in ether (40 ml). ’Toméﬁis

romethane (4 ml) was stirred -at room tempe;pture for 1 hr.

The mlxture was washed with 5% NazS®3 (5 ml), 5%'\‘JaHCO3 N

(5 ml), brine (5 ml) and dried over Na2804t Removal of
the golvent and molecular distillation at 80°/0.3 mmHg
affo;ded-an»oil,~l45 mg (65%) . |

pmr & (CDC1,) ; 5.12‘(4H5?),¢2.38 (2H,d,3=3), 3.32 (2H5d,

' J=10), 3.98 (2H,d,J=3), 4.27 (2H,d,J=10), 5.95 (2H,m).

4

9-Hydnoxy—12—oxétetra¢yclo[4.4.3.0z'sltg}deca—3,7-diene.'(§§)

'Diéne gl‘(g%igmé{ 4.1 mmol) and methylene blue (30 mg) .

wereidissolved in methanol (200 mi). The soiution wésw

- irradiated w1th a high pressure mercury 1amp (Pyrex fllter).l

whlle oxygen was bubbled 1nto the solu‘ fradiation

.y o .
was. c0nt1nued unt11 almost Do startlng mdte 1al was detected

v o ~ * .

&

by glpc (about 5 hr) " Removal of the solvent gave an 011y

.

Ve Qans g, ks 41,_:_\-,‘

\

JO mmol)  at 0°., After 10 min, wet ether.(lO‘ml)'wasfadded

and the insoluble éélts were filteredl Rémoval'of the

™ -
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solvent gave an oil, whlch was distilled to afford the

,6—unsaturated alcohol, 465 mg (60%), bp 67°/0 03 mmHg .
pmr d(CDCl ) 1.7-2. 2 (2H,m), 2. 92\(2H m), 3.42 (2H,bd,
- J= 10), 3.94 (lH d,J= 10), 3. 97 (1H d J=10), 5.87 (2H, m),

'6.23 (2H,m). ) ST ‘v’
'12~0kateqrecyclo[4.4.3.02'5]trideca—3 7-dien~9-one. (84) .

Alcohol 83 (201 mg, 1.06 mmol) and manganese d10x1de
’(l 9 g, 22 mmol) were stlrred in dlchloromethane (20 ml)
at room temperature for 3 hr. Flltrat;on thrdugh Celite
and removal of tﬁe solvent were followed by molegular
distillation to yield’ketdhe 84, 156 mg (78%).
pmr § (CDCl ); 2.57 (ZH m), 3.05 (2H m), 3.43 (14, d J=9),
3.52° (1H, 4, J= 9), 4,07 (lH d, J—9), 4,12 (1H.4,J= 9), 6. 12 (lH,\:
a, J 10), 6.82 (1H,d, J—lO), 6.37 (2H m)
ir (cHCl, )i 1672 cm e

I
\ [ 5
S 12- Oxatetracyclo[4 4.3. O ]trldeca 3,7,9-~ tlene (77) -

A solution of ketone 84 (82 mg, 0.44 mmol) and tosyl

hydra21ne (82 mg, 0.44. mmol) in methanol (o 4 ml) was kept

3.
% .

vat room temperature fJr 2 hr The solvent was removed and
' toluene (2 ml) was added and then evaporated to dryness.
To the slurry of the re51due in dry benzene (4 ml) was

’

added at 0° an ether solutlon of methylllthlum (1 6 M,1.1 m]l,

1. 8. mmol) ‘ Stlrrlng was continued for lﬁhr at room, tempera- |

ture. . Wet ether was then added to the {eaction mixture; 1



e

mess,spectrum; m/e 172 (M°, 7%), 171 (5), 143 (Q)f 142:(32)"".~

«

( . o - 83

'
| o
|

-

SO

\
whlch was then washed w1tP water, and dried over Na2 4

Removal of the solvent gabe an oil (72 mg), which contalned'

the desnjed trlem in bouti 50% purity. Prepara‘tiVe |
glpo (UCW-98, 105°) afforded pure triene. ™ ‘, ‘ |
pmr & (CDC1 3)i 3;231(2H,m) 3. 49 (2H4,d,J= 10) ;;o;:Yzﬂ,

d,3=10), 5.76 (4H, m), 6.27 (24, m) . SR T

ir (neat); 3020 cm Y(m), 2950 (m), 2840 (m), ‘1580 (w),

1294 (m), 1074 (m), 1033 {m), 917 (m), 783 (m), 723 (s),

708 (m).

+
141 (35), 128 (14), 119 (1005, 115 (24), 91 (42).
Calcd for C12 12O. m/e=172.0888

Found: m/e=l72.0886.

8,9~Dibromo—3,4-epoxy-12-oxatet;acyelo[4.4.3.02’5]trii%gs

decané. (86)

-

To a solution of eboxide 82 (145 mg, 0.76 mmol) 1n

dlchloromethane (5 ml) at 0° was added bromlne (135 mg,
0 84 mmol) in dlchloromethane (2 ml). After stirring at
o°’ fog\lo min, the reactlon mixture was warmed to room

I

temperature.‘ The solvent was removed to afford the whlte

/crystalllne dlbromlde, 257 mg (97%) Thls crude product

b
kS N

;f&as used ln “the next step. ) |

]

3,4~ Epoxy 12- oxatetracyclo[4 4.3. 0 ]tr1deca-7 9- dlene (87)

T

To a solutlon of the dlbromlde (257 mg, 0.734 mmol)

Na
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‘in DMSO (3 ml) was added potassium Egrt—butoxide (260 md,‘
2.3 mmol). The readtionvwas stlrred at room temperdture L
for 40 min, and then poured into ice—water, extracted twiee
with/pentane (lOO‘ml in, total) The pentane layers were
comblned and waéhed twice with water and once with brlne

)

After dring over Na2804 the solvent was removed to afford

white crystals, 113 mg (82%), which were subllmed at 65° /

0.25 mmHg, mp 58 68°' "‘M‘

-

pmr 6(coc13); 2.73 (24,d,3= 3), 3.32 (2H,d,J=10), 3\
(2H,d,3=3), 4.45 (2H,d,3510)3'5.73 (4H,m) "
7 .

> V.
% o .
L2 L ’ o

‘ Deoxygenation of 87. e
e - ) (’ P i S

. * N ©
To a suspension of tungsten chloride (624 mg, 1.57

mmdl) in THF (13. 5 ml), malntalned at -78°, was added n-‘*
butylllthlum (hexane solutlon, 1. 6 M, 1 88 ml 3.01 mmol). -

The mlxture was allowed to warm to room temperature over

" -

a perlod of 20- 30 min. During thlS\perlod the tungsten

chloride completely-dissolved and the sPIution became
greeh—browh; | ‘ e
To this solutlon was added epox1de 87 (117 mg, O. 623

\mmol) in THF (3.9 ml). The reactlon mlxture changed to

-~

*) Dark- blue crystals obtalned by subllmatlon of the commer-
c1al product (Pressure Chem1ca1 Co.) in vacuo were col— " .

»lected and used in thls reactlon. The grystals were ’ ,

H - -

stored in a de51ecater.' o | . ‘ -

!

'



85
dark-brown. After stirring at room.temperature for 2 hr,
the mixture was poured into 20% NaQH:andAextracted with’

pentane (2x20 ml). After removal of. the solvent, the residue

was distilled to give triene Zl 77 mg (72%)

\
;

)2-Oxapentacyclo(4.4.3.02" %0710 trideca-3,8-diene. (89)

To a eolution of di;?oproﬁylamine (121 mg, l.ZrmmolY
in THF‘(Z\mlx'cooled with dry—ice/acetone bath,'was added
“dr0pwise gibutyllithium'(hexane solution!)l.45 §}0.83 mi,
lr2vmmol);' The solution was warmedlto room teﬁperature‘and
Vstirred for 16 mln, and then cooled in a dry 1ce/acetone
bath.':biol 88 (95 mg,‘0.5 mmol)” in, HMPA (l m@) was added
'dropwise. The mixture'was stirred for 15 min’ ‘at room tem—
» pérature. The.mlxture was cooled to 0°, and to thlS was, ‘
added a 0.25 ml portlon of a solution of tosyl ch&orlde "q"
(142 mg, O. 74 mmol) in THF (3 ml). After stlrrlng at room
temperature for 15 mln, this procedure was repeated until
all the tosyr.chlorlde solutlon was added.. The«mlxture
‘'was then poured lnto 1ce, extracted w1th ether and dried
‘over MgSO ' Removal of the solvent, folloyed by chroma-
tggraphy on 5111ca gel using dichloromethane as the eluent,
afforded cololess crystalswl RecryEtallization from;pentane”
at dry-ice temperature gave needles, mp 66¢0 67.0°, in

Al

50-55% yleld.,



o

Detection of [4]annulene 1 in a matrix.

A solution of triene 77 in‘tetrahydrofurab-d ﬁas
g j
placed in an nmr tube, degassed and sealed. At -90°,-

/
C

This solutlon was irradiated w1th a low pressure mercury -

Rlamp for 20 mln.\ The pmr spectrum showed no startlng f

“

mater1a1 and neaw peaks appeared correspondlng to phthalan

¢ 5 4. 96 7.16) and the [4]annulene _’x_-dlmer ( 5-3, 05,

5. 94) Also‘photoly51s products {1rrad1ated 1n 1sopentane/
—methyltetrah;drofuran (2.8/0. 5 v/v rn\Jﬁquld nltrogen

bath} were shown_by glcp (Ucw598 l30°) to be:a mixture
- . . 94

‘

of these two compounds‘L»
[4]Annulene l 1n a matrlx was detected by uv spectro—;
scopy in the follow1ngkexper1ment In a quartz uv cell
_ ; :

was placed a 3.1 x 10~ M solutlon of{the trlene in 2-

methyltetrahydrofuran under an argon atmosphare. The ~
'cell was placed in a quartz Dewar bottle,.whlch thad ‘
Gu~rhz w1ndows through whlch the spectrum could -be measured:
’Ehe cell was cooled below -170° by cold n1trogen]gas,
which was pre-cooled in 1iquid nitrogen bath. Durinq:the
whole experiment»the cell was kept-at about -175°. Irradf;{
atdon With a‘low.pressure mercuryﬁlamp was continued for
1-2 hours, and the uv spectrumiwas recorded. A background ’
spectrum was taken after thawing the matrix ror a short’

. time apd re- cgoirng to the sa*e temperature as before. The
”T\ T vos & '

\Slfference in the, two spectra yis,taken as the spectrum of
[ESannu}ene 1, thch had an absorption at A__._ 300 nm (e
100), (Figure VI.). T



PART II. TETRAHEDRANE. .

CHAPTER I. INTRODUCTION. - _ '~ '

Tétrahédrane‘iOl, the Second”pOSSible‘isomer‘of the
(CH)4 spec1es¥ has long been held in the mind of: organlc ’
chemists as the most stralned polycycllc small rlng system.

Moreover, it represents the 51mplest of the five p0551b1e

regular polyhedra. The straln energy of this system is

34,

calculated to be about 130 kcal/mol ';hd if this

energy is as great as’ that predlcted, tetrahedrane 101 u

*) Of these five‘possible polyhedra,.oniy'three can be

constructed using the carbon skeleton; tetrahedron'(tetra—

hedrane), hexahedro&}(cubane), and dodeoahedron (dodecahe-

drane). Cubane was first synthesized by Eaton71 in 1964.
72,73

Two independent synthese of . cubane soon followed,

Attempted synthesis74 of dodecahedrane by photo—dlmerl—

of triquinacene appears to have met with no success
v’

A



\
i
is very unllkely to ex1st as a stable spec1es except at -

'very'low‘temperatures. It may un&ergo spontaneous dls-
ruptlon via the dlradlcal 1nto two mdlecules of *acetylene

or possibly 1nto [4]Jannulene with extreme ease. A number

.. -!
of theoret1cal treatments34 7? have been reported on this

1nterest1ng system. The most recent one, 75»wh1ch used

an ab 1n1tlo SCF method, predlcted some phy31cal pr0pert1esf

of tetrahedrane. Interestlngly,'calcuiatlons show that

this spec1e$ is a local. mlnlmum point on the C4H4 poten-—
tial energy surface. A barrler of at least 18 kcal/mol

ha§ been calculated for homolytlc cleavage of the}51ngle
4

, bond ?hls barﬁier seems to be high enough to allow at

1east the spectroscoplc detection- of this spec1es

Some experlmental results76 71 support the 1nter-.-

™

medlacy of tetrahedrane, although the ev1denceyls gleaned,
from the labeling pattern of»acetylenes obtalned as cLea—

vage products.v Photolysis ofraimixture of cyolopropene

102 and carbon suboxide 103 produced acetylene (24%)

together w1th vinyl acetylene (33%).76 The apprec1able
: X
X X '
A e, — —
- ) e'e
102 103 / 104 -
X=H_,0D l




' 1ntermed1ate,‘1sotope 1abe11ng experlments wgre carried out.

“PhOtOIYSlS of cyclopropene—B 3= d (87. l:t3 2% D) with C

89

. yield Qf'abetylene suggested the presence of tegrahedrane

)

as an intermediate. Photolysis. of carbon' suboxide produces
ketocarbene which reacts with cycglopropene to give an
adduct leadlng to-a bicyclic carbene 104 intermediate.

Thls carbene may elther rearrange to give vinyl acetylene

_or undergo 1ntramolecu1ar carbon—hydrogén 1nsert10n to

.giVe‘tetrahedrane 101. 1In order to determlne‘lf'the ace-
: — 4 . < )

. . : R [ )
tylene could arise from the decomposition of a tetrahedrane

&
|5

3 2

'produced acetylenes, ‘which were analyzed by mass spectro-

scopy. The relatlve ylelds of C2H2, C2HD and C2D2 were

23.72%2.5, 63.6i:l.2,‘and 12.8121.4%, respectively. The

'correSponding calculated yields, based on the deéomposion

Of a symmetrlcal tetrahedrane,\Ere 25 0, 62.4, and 12. 6%,‘
respectgxely, It thus seems that tetrahedrane is an 1nter-_.

mediate of'\his reactlon. Further support was obtalned
) ey = ,

- by a double-labeling experiment us;pg cyclopropene—B,3--51__2

and carbon 2114C45ub0kide.a -

Similarly, the dlllthryﬁ/:;lt of'ditosylhydfazonedlosp

- when pyrolyzed, produced acetylene’ (20 30¢% yleld) as the

_'sole volatile- product.?5 Deuterlum labellng experlments .

4 HC=CH
——— ' DCZ=CH
DC=CD

Y-"—H.P ) )




indicated that 37-47% of tk

acetylene was produced via

' tetrahedrane or its diradical eyuivalent. .

To date, no experimantal result has been reported

which ihdidatesxghat tetrahedrane is an isolable species.

. % ‘\\‘ . v .
In the following section, several attempts toward -the

synthesis of-teﬁrahedrane derivatives are ﬁresented.

3
»

N



' CHAPTER II. RESULTS AND DISCUSSION.

o Ay

A. Attéﬂgted'synthésis from a bicyélic cyclopropenone.,

N . A .
Cyclopropenones are known, to decarbonylate either °

CR

by photolysis or by pyrolysis. For instan%e, di-tert-

butylcyclopropenone 106 produces di—tert—butylacétylene

quantitatively when 1rrad1ated at 2532 A or when pyrolyzed’

‘at 320_-327°.42a Pyrovlysis of/g%jgbh yclopropenone
‘ ki )4'/"

. A . .qw ‘
" g Nr%%ﬁ‘
- { A |/

.l\ .
=1 + €O -

»

107 at 250° produced carbon monoxide and triscycloheptenb—
benzene 108,78 which presumabiy arose via an intermediate

cyéloheptyne 109.

vAn.attempted synthesis79,of the buteno derivative 100 of

cyclopropenone met with no success. Also,;7{7—dimethyl—

91
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bicyelo[4.1.0]hept-1(6)-ene 11180 is stable only below

-20°. We thought that the high reactivity of the cyclo-

propenone moiety in 110 was responsible for the earlier

failure at isolation. introduction of four methyl groups
Aqt the a-position should suppress tne reactivity of this

bicyclic molecule. We anticipated that tetramethylbuteno-
.
cyclopropenone 112 would be much less reactlve than 110

L d

allow1ng 1ts isolation, and furthermore that tet

cyclohexyne 113, if produced from 112 by photolysi "T¥ould
form a tetrahedrane derivative 114, rather than its benzene

connterpart due to the steric hindrance expected‘in the latter
& . &

? ? X
—*Q-’ y

°

112 113 114

—— —— . ¥

v

Applequist et al. tried to generate tetramethylcycle-

"hexyne 113 from dibromide 115 and from bishydfazone 116.81

When the dibromide was treated with sodium at room tempe-
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rature, two dimeric hydrocarbons 117 and 118 were obtained
in 90% total yield. 'Oxidation of bishydrazone 116 with

" gilver oxide also gave these products in low yields.

- 118 i
NHTs
NNHTs o
, ) ° .

e

119

—

Formation of dimeric products indicated the inPermediacy
of_cyclobutadiene derivative 119. The latter prodgct %lg,

the authors explained,was formei by a'[25+25+281cyc10addition
reactlon of 119.

As descrlbed abqve, our ant1c1pat10n was that, although .

<

cyclohexyne 120 generated from dibromide 121 was known

to produce the trimer 122/82

tetramethyl cyclohexyne 113 .
would not di- og-trimérlze in a similar manner, due to

the sterlc rep0151on of the methyl’ groups." Also, the advan-

eSS

120
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tage of our approach over the earlier one is that the
decarbonylation reaction can be performed at low temperature,

even in a matrix, without the need for any work-up pro-
. ' . : |
cedures, ' ‘ z

‘ N
Thus, qur first approach involved the synthesis of .

tetramethylcyclohexénoc§clopropenone 1;3,83 in orger to

examine ité photodhemical behavior. @
We %ttacked this fSe ﬁingly reactive cyclopropenone

derivative starting from.the known 3,3,6,6-tetramethyl-

‘cycloheptanbne‘12§,84 .freatment with two equivaients of

bromine provided~dibromide igi. The s;mplicigy of its

pmr spectrum_indiéaﬁed that thé product was a single

isomér, but no -further work was conducted to rigorously

establish thelstereochemistry.

o ” o)
I s .

112 }

' ‘ i i -~ l

123 S 124 - ==
> " . R o ~ )

: 0 o ) B '

L O,H
. ey . b
| “\',‘;? ’\ | | | @
" 25

1

—



'When dibromide 124 was reacted with potassium tert-
butoxide, followed by an acidjc work-up, carboxylic acid

125 was obtained in 48% yield. The formation of acid 12

in
rather thap the tert—butyl ester, indicated that the desired

cyclopropenone 112 was actually formed, but: 112 reacted
with water under theﬁac1d1c conditions to yield ac1d 125.
Dibromide 124 was then treated with potassium tert~butox1de
'and the reaction mixture was quenched with aqueous moRno-
basic sodium phosphate. Upual work-up followed by subli-
mation at.§oom temperature afforded tne desired cyclopro— (
penone llg‘in 41% yield. As later found, this cyglopro- |
penone derrvative is very,sensitive to both acid and base.
‘Consequently, careful handling was necessary to obtain
112 as pure white crystals, mp 89.0-89.5°. Spectroscopic
,propertles as well ‘as elemental analysis support the
proposed structure, and are summarlzed in Table II, together
with data for related compounds of 112 for comparlson.

The ir spectrum of 112 exhibits strong absorptions at-
1852, 1790, and 1617'cm_1. All cyclopropenones show ,.

characteristic absorptions at 1800-1870 and 1600-1660 cm_l.89’90

Although these tyo‘modes of vibrations are undoubtedly
_tightly coupled, tﬂe higher frequency band may safely be
ascribed mainly to carbonyl stretching and the other band
to C=C stretch1ng.90 The large shifts for both absorptions

in compound 112 indicate that the cycloprOpenone system is

perturbed by the fused six-membered ring to a much greater

‘



Infrared
-1

(cm —; CC14)
1833

1864 -85
1848 165788
1866

1820 1640422
1855

1840 164088/89
1790 1617*
1852 °

Ultraviolet

a

96

cmr

(nm,¢; cyclo-) (& CDClj)
(hexane) »
‘ c-1 C-24&3
276 (31)8¢  "1s5.1 158.3%7
272 143)%° .
159.5 164.8*
89
267 (79) 154.6 164.2*
263 (95)*

v

146.7 169.0*

.*) present work

Table II:

‘Spectral properties of cyclopropanone derivatives.
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extent than in the compound with a ncvvn—memborod ring.

(¢ 95) and the hypsochromic ﬂhlf} of the n-n* absorotion

it is clearly obserwable when compared with other 1css'con—
strainéd‘compounds. v

In‘the cmr spectra, the C=0 absorption shifts upfield
|'Nw1th ‘allowance of substltucnts effegts) as the fuch ring .
size becomés smaller, while the olefxﬁlc carbonq show the
reverse trend. Theso trends are 1nterpreted as an 1nd1—
cation of change in the electrgnlc structure "of the system;}
cyclopropenones are"representeé as a mixture of resonance °
structures A-D, and the c@ntrfﬁutlon of each structure |
varies with the nature of the fused ring. \Thus, in 112,
C and D become more lmportint than they are ‘in the parent
compound. As a result, th; double bond becomes more exo-
cyclic#iu nature with reépect to the fused ring }ysxem,
thus relieving strain in the system gs much as popsible.
Fufthe}emore, C-2 and Cf“ in llz now carry a slig‘tly more
poéi?ive charge than in other compounds. ' The ab?v

pretation is only tentative and is obviously a subjec

further*study. .

£ XK

>
ey
0
1o
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- 6
As'a;ready described, cyclopropenone 112 - is very

Sensitive,tq acid, whereaeﬁother knéwn cycloprdpenbnes

are stable in acidic media; cycloheptenocyqlopropenone 107

was actually pu?ifled by extractlng it with 75% H2804-78 ‘

In contrast, compound 122 decomposed completely upon brief
o

treatment with O 1N stO4 at room temperature glv1ng a

quantltatlve yleld of acid 125 ThlS a01d wasikmpected to

be produced under basic comditio?s inva manner analogous to
. those acids produced from other known cyc10propenones.79
However, compound 112 ;ring—opened with 0;05 N NabHaate
room temperature, and a diketbne 126 was formed as the
maipr product in addition to acid 125. The structure of
1261was assigned from its spectroscopic properites. The
pmr spectrum showed two singlets for the methyl groups, a
multiplet for the CHZCH2 unit, and a singlet for the
isolated CH2 group. A sharp singlet at § 2.25 indicatea
the presence of_atmethylene uuit at a postion a to a ketone

function. No abs~rption was observed in the low-field

region, thus excluding structure 127 . The mass spectrum



* ) v - 99

showed a molecular ion peak (mfe 183, 14%(, and fragmen-
* tatibn Peaksat 154 (M7-CO, "3%), 139 (M'-C6-cHyy 5%, 110
(100%), and 83 (?6%). The hydroxide anion. can qttack two

d;fferegt sites of the cyclopropenone system; attack on the
carbonyl carbon producées the acid 125 (route a), while attacky
on the double bond first produces hyératg 128, which ring--.

opens to form theﬂgfketonﬁélZG (route b).“Although many

. @0
‘ e fOZH
— — 125

examples are known91 in which a nucleophile attacks the

double bond of cyclopropenone derivatives, the formation of
a diketone has only one precedent,92 When pentylcyclopro-

penone 129 was treated with excess hydroiylamine, a glyoxime

130 was formed,92 presumably throdgh the mechanism depicted
o .

below. Conjugate addition followed by ring-opening produces

a monoxime of the a-diketone, which In turn produces the

]

product. The difference in reactivity of 112 from other

~

known cyclopropenone derivatives is a reflection of the

extra ring-strain in the system and may be in line with the

OH R

129 130

€
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" above interpretation of the cmr spectrum.

, 3 | 100

In the'hope that photolysis'of 112 would cause de-

carbonylatlon to generate tetramethylcyclohexyne 113 as

f

a reactive intermediate, an irradiation experlmentlwas
carried out. PHotoleis of 112 at 0° produced a dimeric

compound ‘131 as the sole product. Spectroecopic data are
fully consistent with this structure. The ir spectrum

i

has a strong carbonyl absorptlon at 1720 cm ¥, and the

N

pmr spectrum shows four singlets for the methyl gropps
and also two singlets for the methylenes.” The mass spec—'
trum shows a parent peak. (m/e 328) and strong fragments

at m/e 313 (M*-CH,) and 285 (M'-CH3-CO). The structure of

3
this dimer is related to those proposed for the dimers

3293 , : A | g8

132 of diphenyl- and methylcyclopropenone.

"RiERy, =Ph
and

\ | z2= - Ri=CHs
Ry=H

The formation of cempound 131 probably proceeds in

the following manner. Irradiation causes the formation

of eadiradical 133 which in other cases easily loses carbon -
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monoxide to Yead to the corresponding acetylenic product.

.

'In this,‘ 'howevér, thevstrain expected in the‘cyclo—

hexyne system may- dlsfavor the loss of CO and consequently <‘

the llfe tlme of thlS 1ntermed1aéé 1s iOng enough to allow

( N

-the formatlon;of 131. I

A | , —

&

©

The £act that the 1rradlatlon of 112 in a matrix of
Z-methyltetrahydrofuran at —198° produced the same dimer
astonished us. A tentatlve explanatlon 1s-that due to the

§

hlgh polarlty of the cyclopropenone m01ety, the molecule

_exists in a palred form even in a.natrlx. Consequently,
in~every soivent caoe therebis more than one guest molecule;
which can react withithé diradical 223 to form the dimer 131.

Initiai)y,hthis approach was started with the expec-

~ tations not only that‘cyclopropenone'llg would form a
vtetrahearane_derivative photochemioally, but a}so that 112
would provide another tetrahedrane presursor, for instancei

h diaéoester 134, whlch would be synthe51zed from 112 in "a
51m11ar manner to the preparatlon of 46. fhe presence of N

-

o
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\
a fysed six-membered ring in 134 would activate the C=C

v

bond)vin order to release the,extra strain involved in the

' ‘bicyclic systeﬁ. ‘Thué, we anticipated that photolysis 09/;

134 would yield a tetrahedrane derivative, instead of a

[4]annuléne derivative.

In the’@ope of obtaining 135, ‘a precursor of 134,

112 was treated with tért-butyllitﬁium; however, no desired

o]

"product was obtained as.a precipitate.f The failure of

" . \\ N .. : '4
this reaction may be due to the high reactivity of the

3

. intermediate cyclopropenyl alcohol br its lithium salt.
: ~ : R '

ERN

Thus, we abandoned” this approach.
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B. Attempted’'synthesis from homotetrahedrane derivatives.

Homotetrahedrane (tricyclo[2.1.0. 02’5]pentane)

il

derlvatlves appear td be a good precursor for the synthesis
of tetrahedrane 1n}that part of the ring system of tetra—
hedrane has already been constructed. When dlmethylhomo~

"tetrahedranone 136 was photolyzed in the gas phage, ‘small

S
amounts of acetylene, propyne, and butyne, were formed, 94

ndlcatlng the existence of a tetrahedrane 1ntermed1ate

ES

, ' : : H-=-H
i —_— ——»  HC-=-H
_ : o H}C‘-...._—CH3
r 136
R I

When diphen&lhomotetrahedranone 137 was treated with

: . . : 5
sodium methoxide, bicyclobutane _derivative 138 was formed.9

ThiS»result_euggests that -a homotetrahedranone, which

possesses a good 1eavingfgfoup at the a-position to the

103
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/ . | .
carbonyll might produce a tetrahedrane deriVétive upon'

treatment with base, as schematichlly indicated below.

. s (N ..'
“ eo - ’

From’ﬁhese4¢xpecpations,'triétert-butylhomotetraé

hedraﬁones and related compounds were.syntheéized and %&\

3
2

their chemical reactivities examined. |
-We‘expebt;a that methyl keténe"lég.woﬁld be a good-

synthetic intermediate, which could then be‘diazotized

and cybliied\éo the homotetrahedranone éystem. Schema-

_tically, feqction of a tri;tert—butylcyclopropenium salt

.with an acyl énion'produces/the desired ketone 139.

"When tri—tert—butylcyclopropehium.fluoroborate 49
was reacted with the lithium salt of dithiane, the expected
product 140 was formed. Unfortunately, however, hydrolysis

of this product using any known methods,96 evén under
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. \ :
neutral conditions (methyl iodide and sodium carbonate)96

produced only the rearranged ketone 141. This observation

is explained by the fact that the carbonium ion intermediate
142, inevitably produced in this hydrolyt;c process, will
rearrange to the thermodynamically more stable isomer 143
conf}iﬁing a ES%;'bUtYl group in the side chain. This
resuit indicated tﬁat the step to regeneratelthelketone

must not involve an intermediate which may develop a p051-

tive charge on the carbon a to the cyclopropenyl system.

£ .

140 —_— —_— Dl
\® o S
H s\ Hoo\
. - 1 ) )

1

5

———

141

|
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Stork's method97

utilizes a proteéted cyanohydrin
as the source of an acyl anion. The advantage of this
e - ~, : ‘ .

method is that the carbonyl group is regenerated from its

»

,p;oteéted form under basic conditions. The sequence i‘
‘depicted below. Afﬁer the reaction. to form a new C-C” bond
vi§.carried out, the cyanohydrin ketal lii'is converted
undér acidic conditions to the corresponding éyandhydrin-

145, which.in turn is treated with base to produce ketone

N

|

R o;—J<O | v R o - R><OH
H><:.N N\ ™ K -~ > N
B 144 :

3

< . .
Thus, the~anion of acetaldehyde cyanohydrin ketal
14798 Qas reacted wiph fluoroborate 49 to give- 148, which
was hydrolyzed in acidic conditions to cyanohydrin 149.

Finally, base treatmeﬁt affdrded the desired ketonev139A

~

in 81% overall yield from the fluoroborate 49. No rear-

o

e
T

147 o © 148

—
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167

149 139 '

— —

ranged ketone was produced.’ HydrolQ%is of” 149 under basic

v¢onditions would proceed by deprotonation of the hydroxy

group, followed by the®removal of, the nitrile moiety.
No positive charge developed on the carbon o to the cyclo-

oy ,
propenyl system, and therefore no skeletal rearrangement

-

occured.

Since the introduction of an u—forﬁyl group was

unsuccessful, direct diazotization99

of 139 was tried
using such bases as sodium methoxide and pétassiumﬂggggf
butoxiae. The résults had not been eﬁcouraginé until we
used .a étronger base, g—butyllithium} biazoketone 150 wgsl'
obtained in 89% yield by the treatment'of the anion of |
139 with‘tosyl azide. The spectréscopic data'of this !

product strongly support the structure. The ir spectrum

—
W
[
(%
(=]

<
—
o
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> . :
) shows a diazo stretching at 2120 cm_1 and a band at 1615 cm

-1
due to the carbonyl stretching. The low frequency shift
from 1660 cm™' in 139 to 1615 cm ' in 150 is characteristic

for a-diazotization. The pmr spectrum has two peaks for

the tert-butyl groups and a singlet»for the methine.

Photolysis of diazoke produced a ketone 151
in 31% yield. The high ir fre uency, 1765 cm l, for the
~carbonyl stretching indicates’ the formation of this tri-

- ¢cyclic system. Also, a, large C H coupllng constant was

observed for' the méthine moiety; In diphenyl compound

100

137, the ir spectrum shows v at 1785 cm -1 and a r

) C=0 .
J(13c-H) of 190 Hz. o . -

=
~

5

v
This ketone 151 is quite stable compared with 137.

After either treatﬁenf with base (sodium methoxide in
. methanol, refluxing for 1 hr) or with acid (0.2 N HC1,

rdom temperautre for 24 hr), ketone 151 was reoovered
unchanged. Also, ketone 151 was found to survive photoly51s
Thermally, 151 1somerlzed slowly at 95° to a single

compound which was believed to be ketene 152, on the basis -
of its speotral behavior; ir- (2110 cm~ ) and. pmr { 6 0. 94.

(9H), 1.24 (18H),2.87 (1lH)} spectra. A plaus1ble mechanism
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s}

is shown below. The isomeric ketene 153 is initially
formed and rearranges to the isomeric tricyclic ketone 154,

which further isomerizes to the more stable isomer 152.

With}theAabove encouraging results, we proceeded‘to
prepafe;the next target molécule, tricyclic ketone 155,
which contains a good leaving group at the position o to
the carbonyl. It was hoped that the bromoketone 155, if

.obtained, woula undergo a Favorskii—type reaction to yield
a tetrahedrane deri&ative.r Diazoketone 150 was treated
with methylmercﬁric ethoxide. to give the corresponding

merCUridi.azoketone,101

z:jgiié;) P — %:Sé&ifp .
_ Br V
155 o

150 ‘ B 156

which was directly reacted with

e

CamO

(22
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bromine.1%? Producea bromodiazoketone ‘156 was found to
lose nitrogen spontaneously at 40° (cf. ethyl bromodiazo-:

acetate is stable for several days at 0-5°),1%2 and the

desired bromoketone 155 was isolated in 52% overall yield

©

from the diazoketone 150. The ir (1780 cmil) and pmr
(6§ 1,36, 1.23) spectra are consistent w1th ‘the structure.
Thermolysis of 155 at 60° produced .an equlllbrated

%

mixture of 155 and probably ketene 157 (ca.2:1), as judged

from the ir spectrum, which showed an absorption at 2120 cmml
for 157 , in addition to an absorption at 1780 cm—l for
L% r"1
155.
. 3 _‘_'» .
- .
3 Br -
]

1554 . 157

Treatment of 155 with sodium methox1de in perdeutero-

/»mwtidnol 'gave a single product, presumably ester 158¢ ..

pmr spectrum showed three tert-butyl peaks of equal inten-

sity and the ir spectrum had an absorption at 1710 ch-l.

- It)is not clear whether 158 was formed from ketene 157.

C030 Na

COZCD3
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Bromokectone 155 was also found to be stable toward photo-

lysis. The anticipated recactjion to produce a tetrahedrane
derivative was not observed.

Broﬁoketone 155 was successfully transforméd into the
corresponding bromohydrin 159 by reduction with lithium
aluminium hydride. Al;hdugh methyllithjium did not give.

a clean product,'lithium aluminium hydride reacted smoothly
to form 159, which was isolated in 54% yield. Although
159 was stable under basic conditions, a purified sample
of 159 isomerized to ketone 151 with ﬁhe liberation of

HBr, which presumably catalyzed thej}somerization. An

-

A

Br : H

.analogous rearrangement reaction is known for a tricyclo-
103 2.5y

LY

pentane derivative. 1,5-Dimethyltricyclo[2.1,0.0
pent-3-yl benzoate 160 undergoes a very fast skeletal rear-

rangement via an ion pair to afford a new isomer 161.



When bromohydrin 159

only a complex mixture was formed and none of the preoducts

o .

was t

reated with sodium hydride,

of this reaction could be identified.

w

i3

112
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C. Other attempts.

Another ising precursor of tetrahedrane is.

diazaben 62, which upon irradiation may form tetra-

. ' hedran¢ via a diradical, in a manner analogous tosthe for-

mation of prismane 163 from 164.104_ Pettit reported that
?he reéction between l,3—di—tert—buty1[4]annulene 55 (gene-

rated in situ) and tetracyanoethylene (TCNE) affofaed not

o

O — £

. - 163
162 164 —_—
+  TCNf ——> g
55
bicyclic adduct but instead tricyclic one 56 We antici-

pated that other. highly substituted [4]annulenes may reaét ’
in a similar manner with dienophiles tb form the diazabenz-
yalene system. We carried out the reaction of 11 witﬁ N-
phenyltriazolinedione and with dieth?l azodicarboxylate.

|
In each case, a single adduct was isolated. The pmr' spec-

OCH
11+ i N-Ph —mnp \{‘-Ph
0 ‘
. N-CO,Et 0,CH,
11+ LI‘ —_— N Tco,Et
~CO,Et ‘COZEt
166

113



114

- tra of the adducts indicated the preéence of threéﬂggigi

. butyl groups. The pmf épectrum of the tricyclic speciés

should exhibit only two tert-butyl absorgtions. Therefore,

the,préduct cannot.have a benzvalene structure, but may

be formulated as 165 and lﬁg.. ’
Photo-a-pyrone 100 is known to isomerize to the:cor—

responding tricygclic lactone 167 ubon standingrin aprotié

105

solvents at room temperature. Also a similar isomeri-

zation reaction of 168 to bicyclobutane derivative 169

106

was observed, when 168 was treat#d with silver fluoro-

borate at 20°.

In the hope of obtaining a diazabenzvalene derivative
by ‘a similar rearrangement, diethyl 2,3—diazabicy¢lo[2.2.0]—
hex-5-ene-2,3-dicarboxylate 170107 was treated with silver

perchlorate. The pmr spectrum of/the‘crude product
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exhibited new peékaaté 5.50 (m) and 6.35 (m), in \
addition to absérptiéns duerto the étartigg material. ,*
'This result Clearly shows that the rearranged compoundkis
not the one we are after, but réther dihydropyridazinedi-

carboxylaﬁe 171.

\

Et © . N—LO,Et

N-—CO2 |
___.___).

N-—COzEt . —COZEt

170 171

—

|

,/

e

Isomerization of cyclobutadiene to tetrahedrane s a

‘photochemically allowed process. Photolysis of 1l was

o

attempféd,,égain i the hope of obtaining the corresponding

tetrahedrane derivative. No observable photochemical
5y

reaction took place, either in solution or in a matrix.

- “H - DY 5 no reaction

X cocHy, -
11 | |

.
Neopentyl\tri-EEEEfbutyl[4]annu1eny1 kétone 172 was
also pfepared by the phoﬁolysis of the corresponding diazo-
ketone 173, which was obtained in a similar manner to
’diazoestér 46. Photolysis of diazoketone ll}:wifh a high

' pressure mercury lamp through a Pyrex filter cleanly produced
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the [4]annulene derivative 172, which in turn was irradi-
ated either with a low~pressure mercﬁry lamp or with a

high pressure mercury lampktprough a Vycor filter. However,

n

no pmr .(at room'temperature)and'ir (at:—-140°) spectral -

changes were observed.

¥

As mehtionedlin Part T, cyclopropenyi diazo compounds
'may have produced tetrahedrane derivatives, which sutsequentlv
rearranged to the correspondlng [4]annulenes. In order
to gain further 1nformatlon about this p0551b111ty, severaf.
other cYclopropenyl diazoacetates were prepared in .order -
to examiae the effect of the substituents on the reaction
course of thevcyclopropényl’caibene, |

Methyl trlmethylcyclopropenyldlazoacetate 174 was
prepared in an analogous fashion to gg. Diazoester 174

T a

rearranges to the cerrespohding pyridazine aerivazéve 175

at room temperature. This faC11e rearrangement su ports

O CH
175
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our initial expectation that the three tert-butyl groups
contributed toward the stability of ig.l Consequently, all
further reactions were carried out weli‘below room tempe-

rature. When a matrix containing 174 was irradiated at

s

?198f, the matrix turned dark brown. The color disappeared’
" instantly when the sample was melted. -An esr spectrum of
this.brown matrix did not show any signal attributable to‘

a triplet species. | This indicates ‘that the colored inter-
medlate is probably a s1nglet species. The photolysis
products were 2% butyne, methyl 2 -butyrate, and dimers of

a

the,corresponding [4]annulene derivative, in ca. 1:2:2
- V . e - .
ratio, respectively, as judged from the glpc-mass spectrum

analysis.

o b+ 4 [,
2 éO CH3 ) Me

, The photolysis of 174 was caffiéd out éither in the

_ preseﬁce of cyclopentene or butadiené and the products in
‘both cases wére identical with those obtainéd‘in the. absence’
of these trapping reagents. N6 adduct_@ith the sol&ent was
detected. These éxpériméhtal resultS'Sth,that-an interme-
diate, perhaps,a Carbeﬁe, has a long life-time in the maﬁrix,
but céqnbt be trapped by an external reagent. Instéad; the

intermediate either isomerizes to a [4]annulene deriwvative or
> : . o [
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co]lapses into two acetylenic molecules From this expe-
riment, it is not clear if the carbene 1somerlzed to two
. acetylenes via a tetrahedrane intermediate.

: \ Methyl dibhenylcyc10propenyldiazoaoetate lZ§_was'pre—
‘pared similarly and was irfadiated._ Diphenylacetylene was
formed but no phenylacetylEne_was‘deteoted in the product
mixture. b§ glpc analysis. A similar result was obteined
using methyl d1propylcyclqgropenyldlazoacetate l77. These
results would 1nd1cate that the acetylenes are formed dlrectly
from the carbene 1ntermed1ate, and not through a tetrahedrane,

although the latter possibility is not absolutely excluded.»’

The easily aocessible azide 5539 was also irradiated.
The obvious aim is to prepare either the aza[4]annulene*'or_

azatetrahedrane:ge;ivative. Trimethylcyclopropenyl azide

B TR
3

=Y
1

*) A successful preparation of azal4]annulene derivative -
178 has been reported.lo8

e,

) MeN
)
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43 is reported to yield only butyne and acetonitrile upon

photolysisi38V Irradiation of 45 at -110° resuylted in the

45

-

—_— e (=C— + Me—cN

-

- 43

evolution of niﬁroéen. The pmr spectrum»af -50° and glpc
analysis, however, showed‘thqt the products were only di-
tert-butylacetylene and pivalonitrile. Irradiation in a
‘matrix at —19§° prbduced the identical products. |
Trost et al. approached tetrahedrane in é different
wéy.lo9 They tried to prepare a bicyclqbu;ane derivative
112,‘which'was substituted with halogensvin the methylene

pocrticn. ~Th:y exbected that a carbene derived from 179

-
would insert Jinto ther C-H bond to form tetrahedrane.
Reaction of dichlorocarbene with trimethylcycloprbpene,

Cl

Boae Py
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however, produced cyclobutene‘derivative 180, which was
believed to be derived from 179. The latter compound could
not be detected even at —73°

We attempted a 51m11ar reactlon usxng/trl tertdbutyl—

- 42a

cyclopropene 181 ' When 181 was treated ‘with dichloro-

carbene, generated from chloroform and n- butylllthlum, a-

mixture of starting material and known dlchlorlde 24,30

whlch was formed by the carbene insertion into the C-H
pond on, the ‘ring, -was obtalned. The two tert—butyl groups

o~

xgattached‘to the éouble bond thus appear to retard the attack

of the reagent on the double bond.




D. Conclusions.

[y

Tetrahedrané, the isqmer’of'[4]annulgne, has séenythe{ﬁ’
target molecule of severélvsygthetic approachés. Uhfortu—;
nately, theré has been obtained no indiéation fﬁﬁ?uthis
reactive species 1is formed,‘even’as”an intexmédiate. IIn
 the course of this study, howebér, a strained bicyclic
'cyclopropenone_llg and seVerai'tri—EgEE—butyltficyclo—
[2.1.0.02’5]pentanefderivatives have been éuccéssfully p#e—
pared, and their properties have revealed intriguing- "

features of these systems. Further studies toward the’

final goal, a synthesis of tetrahedrane, will be continued.

, @ ° .
«
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CHAPTER III. EXPERIMENTAL. .

General -

See page 65.

Mono-methyl 3,3-dimethylglutarate.84’110‘- ! T

t
-

111

A solution of 3,3—dimethylg1utaric acid (10.09 g,

63.1 mmol) in acétic anhydride (8.0 g) was refluxed for
1 hr. The excess acetic-anhfdride as well as acetic acid
were removed by distillation. To the residue was adéed>at
0° a &ethanol solutiqp of sodium'methgxide,kprepared gromv'
sodium metal (2.0 g, 87 matom) and ‘methanol (40 ml).r The
mixture was refluxed for 1 hr. After the addition of‘water
(20 mlj, the methanol was'reﬁoved. The aguous solution

[

HCl, and extracted four times with 50 ml

Q

was acidiff&d‘With
‘portions of ether. The combined ether layers”were dried
over MgSO4; and‘the soivent was removed. The residue Qas
distilled,'giving the monoester, 9.04 g (82%), bp 92°/0;3

mmHg (lit.-144-146°/10 mmHg).S?

3,3,6,6-Tetramethylsuberic aciq. 84s110

Mono-methyl 3,3-dimethylglutarate (9.04 g, 52 mmol),
was. dissolved in methanol (50 ml) and hexane (SOJml). To
- this solution was added sodium metal (0.3 g). Electro-

o

lysis (with ca. 30 V and 0.6 A) was allowed to proceed at

122
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‘room ;emperature for 4 hr. The progress of ﬁhe reaction
was monitored by ir spectroscopy. After the removal of the
solvenf, the residue was dissolved in a 15% KOH methanol
solution (80 ml) and refluxed for 3 hr: The bulk of the
solvent was removed,. and the residue was dissolved in water
(50 ml) and acidified with HC}. The resulting precipitate

a

.Qas collected and recrytallized from methanol to afford the

diacid, 3.74 g (63%), mp 161-162° (lit. 166.4~167.4?).84{

3,3,6,6,-Tetramethylcycloheptanone. (123)

A mixture of.3,3,6,§—tetramethylsuberic.acid (5.00 g,
21.7 mmol), manganese carbonate,XS g), sea sand (10 g),
and some;?iéss wool was placed'in a thick-wall test “tube.
On'tqp 6f“this mixturé was placed a layer of gléss wool; A‘
mixture of”manganesé carbonate (5 g) and sea sand (10 g) was
then placéd on fop of this glass wool layer. Another glass
wool layer éoverédithe whéle.mixture to bievent the direot
transfer of any solid particles. This test tube was connected
thfgugh a trap cooled in a liquid ﬁitroéen bath, to a vacuum’
pump. The reaction syStem was evacuated carefully to a
p?essurg of 0.1 mmHg, aﬁd the test fube was.heated in a
pyrolysié&pven; As the temperature was increaséd\slowly
from 300° to 380° over a 1 hr.period, the product distilled
out of the reacfidn mixtq;e. The contents of the traﬁ were
dissolved in dichloromethane (50 ml), washed with 0.5 N

KOH (30 ml) and dried over MgSO After removal of the

4°
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solvent, the residue was distilled (short-path) (bath tempe-

rature 50°/0.1 mmHg) to give the ketone, 3.51 g (96%) (lit.
. . . a"‘"‘i‘f T
bp 94.7°/14 nenkey ke

pmr 6(CDC13); 1.00 (12H,s), 1.55 (4H,s), 2.35 (4H,s) .

*

g

" 2,7-Dibromo-3,3,6,6-tetramethylcycloheptanone. (124)

A dichloromethane (65 ml) solution of 123 (6.32 g,
1 37.6 mmol) and bromine (15 g, 94 mmol) wés.stirged at room
temperature for 20 hr. 'The mixture waé transferred to a
.separatory funnel with the aid of dichloromethane (140 ml),
washed'succeséively with 5% Na,SO, (80'mf?, 5% NaHCO; (2x50
‘'ml), brine (30 ml),'and dried over MgSO4. _Removal of the
solvent gave the crude product (1l1l.1 g), which was recry-
stallized from hexane, yiélding 7.64 g (62%) of the dibfo—
mide, mp 70.5-71.0°. An analytipal sample was prepared by
sublimation. | |
- pmr G(CDCi3); 1.15 (IZﬁ,s), 1.60 (4H,s), 4.77 (2H,s).
ir (CHC13);71718 em™t (s). ; i
] eleﬁental analysis; .~ Calcd for CllHlaoBr: c,40.52; H,5.56
Found: C,40.82; H,5.79.

-

2{2,5,5-Tetramethylbicyclo[4.l.0]hep—l(6)—en-7—one.(112)

To a suspension of potassium tert-butoxide (687.6 hg,
6.13 mmol) in THF (30 ml) was added at -20° a THF (5 ml)
solution of dibromoketone 124 (861 mg, 2.62 mmol) over 15

mip¢> After stirring at -20°for 1 hr, the reaction mixture



was poured into a stirred ice-cold solution of 5% NaHZPOJ

(100 ml). The mixture was transferred to a separatory funnel

with the aid of pentane (100 ml). The organic layer was
separated, washed twice with 30 ml portions of 5% NaHCO3, and

4

solvent at 0° gave a white crys&alline product, which was

with brine (40 ml), and dried over Na2SO . Removal of the

sublimed at room temperature under high wvacuum. Pure
product was obtained as white crystals, 175.3 mg (41%), mp
89.0-89.5° (pentane). '
pmr §(CDCly); 1.22 (12H,s), 1.73 (4H,s).
ir (Cél4); 1890 cm—l(w), 1852 (s), 1790 (m), 1617 (s).
uv kcyclohexane); 263 nm (¢ 95).
cmr 8(CcDCly): 25.9 (CHy), 32.8 (quart-C), 36.4 (CH,), 146.7
(C=0), 169.0 (olefinic-C). |
11716
Found: C,80.27; H,9.76.

elemental analysis; Calcd for C,,H, O: C,80.44; H,9.83.

‘"he dibromoketone lgi (1.149 g, 3.50 mmol) wds siﬁilar]y
treated with pota§sium tert-butoxide (1.281 g, 11.4 mmol).
After stirring at -20% for 1 hr, 1.1 bi,stO4 (37 ml) wgs
added slowly to the reaction mixture, which was then warmed
to 0°. The bulk of the solvent Qas‘removed and the residue
was diluted with pentane (féb ml), washed'wifh cold water
(30 ml), and dried over MgSO4. “Removai of ﬁhe solvent
afforded a mixture (601 mg) of oil and solid.’ Chfomato-
graphy on silicic qcid (15 g) using chloroform as the eluent

gave a pure crystalline acid 125 (309 mg, 48%), which was



- ~12¢

"
_“recrystaﬁlized from pentane and éublimed at 60°/0;} mmHg;,
" mp 115.0-116.0°, for elemental analysis. .

pmr 6(CDC13) 7 1.05 (€H,s), 1.23 (6H,s), 1.50 (4H,s), 6.71

(1H;s). .

ir (CHC1,); 2620 el (b), 1676 (s).

, , ‘
elemental analysis; - Calgg'for C C,72.49; H,9.96.

1111892°
Found: C,72.15; H,9.94.

|
/

Thermal stability of lig.

Ketone 112 (0.1 g) in dry dichloromethane (0.8 ml)
. was kept at 100° for 5 hr in a sealed nmr tube and the
pmr spect®um showed no change.

N

Reaction of 112 with acid.

L4

Ketone 112 (10 mg) was dissolved in a miiture of

THF (4 ml) and 0.1 N H,S0 (36 ml). The solution was stirred

4
at room temperature for 30 min, after yhich dichloromethane
(20 ml) was addea. VThe organic igyer was separated, Washed
with brine (20 mi), and dried over MgSO4. Glpc analysis
(UCW-98) showed a single peak. Removal of the solvent |
affordFd white crystals, the pmr spectrum of which was
ijdentical with that of acid 125. After sublimation at 60°/

0.1 mmHg, the white crystalline material had a mp of 115.0-

116.0°. .
F 4
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‘ ‘ R |
Reaction of 112 with base.

vfﬁyKétoﬁé 112 (5 hg) was dissolved in a mixture of THF
(lbhmls and 0.1 N NaOH (10 ml) ana,the mixture was stirred
at ﬁégm temperature for 1 hr.: Tﬁe’reaction mixture was | -
aﬁidified with 2% HC1 and extracted‘phree‘tiﬁes with 10 ml
' pbf?idgs of dichloromethane._ The‘éombiped‘organic layers

were washed with brine (20 ml) and dried ower MgSO Glpc 9

4°
analysis (UCW-98) showed twd major products (ca. 3:2 ratio),
one of which (thé minor one) corresponded to écid lgé.

In order to isolate the major product, ketorie llg
(21 mg) was treated similarly. The crude pfoéuct, which-
shbwed ir absorptions at 1710.and 1675 cm_l; was (short-path)

distilled at 40°/0.1 mmHg. The major component was then

collected by preparative glpc (UCW-98, 130°), and identified
as the diketone 126 from the following data. i\

pmr 6(CC14); 1.04 (6H,s), 1.14 (6H,s), 1.57 (4H,m), 2.25 (2H,s).

s

ir (CCl4); 1710 cm .
mass spectrum; m/e 182 (M+, 14%), 154 (3), 139 (5), 110 (100),

83 (56).

Photo-reaction of 112.

Irradiation of a THF-4d, solution of ketone 112 at 0°

8
with a high pressure mercury lamp (Pyrex filter) caused no
"change. Irradiation of the same sample through a Corex

filter for 1 hr decomposed the ketone almost completely.

The product was assigned as a dimer 131 from its spectro-
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scopic properties. -
pmr’é(CDCl3); 1.02 (3H,s), l.i3 (34,s), 1.20 (3H,s), 1f29
(3H.s), 1.55 (2H,s), 1.69 (2H,m). |

ir (CHCly); 1720 cm ' o

mass spectrum; m/e 328 (M7, 13%), 313 (20), 285 (18), 272

(11), 259 (28), 165 (100).

Ketone 112 (22.6 mg) was placed in a quartz nmr tube
and into this tube was vacuum~-transferred 2-methyltetra-
hydrofuran (dried over LAH); The solution wasjdegessed and .
the tube sealed. Irradiatidn‘with a high pressure mercufy
lamp‘(COrex'filter) at -198° was continued for 3vhr; The
i{\and pﬁr spectra of the photolysate exhibited abso;ptions

[

ascribed to dimer 131.

o
-

~

Attempted synthesis of 7-tert-butyl-2,2,5,5-tetramethyl-

bicyclo[4.1.0]heptenium £luoroborate (135).

leromoketone 124 (991.6 mg, 3. 02.mmol):was treated
with pota531um tert-butoxide (743 mg, 6. 62 mmol) as described
earlier (page 123). After work= up, the ‘pentane—-THF solutlon
(the ir spectrum showed strong absorptlons at 1848 and 1619
cm—l indicating the presence of llgx‘was cooled to -20°.

To this was added a small amount of bipyridyi*‘and.then a

. 7
*) Indicator for alkyllithiums.
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Y

pentane solution of tert-bufyllithium (1.4 M, 2.4 ﬁl, 3.4 3\
mmol) was added dropwxse until the brown color remalned.
After stirring at —20° for 15 min and at 0° for 15 mln, the
mixture was poured into Lcefcold 5% NaH2P04 (100 ml) with .» .?‘
vigoroua stirriné.‘ The pentane layer was separated, washed '
wiﬁh iee—cold brine (2x30 ml) and dried over MgSO4; Removal
of the solvent at 0° gave an oily residuie, which was dissolved
in ice-cold ether (15 ml). To this was added‘al 0° a

*

freshly prepared 10% fluoroboric acid in acetic acid. No

piecipitate was formed.

Reaction between tri-tert-butylcyclopropenium fluorobdrate

(49) and the lithium salt of dithiane.

To a solution of dithiane (409 mg, 3.4 mmol) in THF
(25 ml) cooled to -30° in a dry- 1ce/methanol bath, was added
a hexane solutlon of n—butylllthlum (1.5 M,2. 5 ml, 3.75 mmol).
Stirring was contlnued for 30 min at thlS temperature, and
tri~tert- butylcyclopropeglum fluorobdrate (1.00 g, 3. 4 mmol)
' was added. The reaction mlxture was allowed to warm to room
temperature and was stirred for 3 hr. Water (2 ml) was

added, and the mixture was dlluted with penta¥Mg@(100 ml),

washed with water (2x50 ml) and dr;ed over MgSO4 The solvent

o

. y
*) At -40°, 50% HBF, (0.6 g) was slowly added into acetic

anhydride (2.5 g).
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was removed to give a crude product, which was sublimed at
55-60°/0.05 mmHg. Pure dithiane derivative 140 was obtained
as a white ‘powder, 856 mg (77%), mp 69-71°.

pmr 6(CDC1;); 1.11 (9H,s), 1.32 (18H,s), 1.83-2.00 (2H,m),

2.75-3.06 (4H,m), 4.66 (1H,s).

A mixture of the above dithiane derivative (99 mg,‘0.3_
mmol), sodium‘carbonate (106 ﬁg,.l.O mmol) and ﬁethyl\iodide
(360 mg, 2.1 mmol) in aéetone/water (85:15, 2 ml) was sealed
in an ample and heated at/7d° overnight: The reaétioh mixture

wag, diluted with chloroform (30 ml) and dried over‘NaQSO4.

' Ré%oval of the solvent gave a yellow solid, 65 mg (92%).

- The pmr spectrum showed-that the product was almost pure

.

ketone 141. ’ | ,

pmr 6(CDCl,); 1.13 (18H,s), 1.22 (9H,s), 2.68 (lH,s).

g ir\(CHCl3); 1885 cm-'1 (w), 1678 (s).

&

Méthyl tri-tert-butylcyclopropenyl ketone. (139)

At -10° a hgxane solution of §~butyllithium (1.34 M,
SR o - ,
4.5 ml, 6.0 mmol) was added to a THF (20 ml) solution of

.diisopropylamidé (607.4 mg, 6.0 mmol). - The mixture was

warmed to room teﬁperature and then cooled to -78°, To this

was added acetaldehyde cyanohydrin ketal 147 (1.1124‘9,

.7.76 mmol) in THF (3 ml). After.lo hih stirring at -78°,

tri—tgrt-butylcyclopropenium fluoroborate (1.799 g, 5.78
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mmol) was added in small portions over 15 min. The mixture

was stirred at -78° for 20 min and warmed to room temperature.

Ether (80 ml) and pentane (20 ml) were added to the reaction
mixture, wﬁich was then washed with brine (2x50 ml), and
driedvover MgSO4. The solvents were removed leaving ad oily
product, whieh was tsed/directly<inbthe next steé.

The oiiy residu wae dissolved in methanol (30 m})
| and 3.6 N azso4 (1 mi). After siirring at room teﬁperature'
for 3 hr, water (30 ml) was added. -?he bulk of the methano}
was;removed; and the concentrate was extracted with etﬁer
(3x50 ml),. and the combined»ether layers were washed with
brine (50 ml),andvdried over MgSO4. After eyapbrating the
_.solvent, thefproduct was'dissolved‘in ether (100 ml) and
0.5 N NaOH (50 ml), and the mrxture was shaken overnlght.
The organic 1ayer was separated and the aqueous layer was
extracted with a mixture of ether/pentane (l 1, 50 ml) The
‘"comblned oqganlc layers were washed with brlne (50°ml) and
pH 7 butfer (50 ml), and dtled over MgSO4. Removal of the
" solvents andtehromatogfaphy on silicic acid‘(40 g) using vi
~hexane/dichlorbmethane mixtures as the eluent afforded“pure
ketone 139, 1.169 g (81%), mp 56.0-58.0°. ,
~pmr §(cDC1,); 1:03 (9#,s), 1.27 (18H,s), 1.86 (3H,s).
ir (CHC1,); 1850 cm T (w); 1660 (s). “
elemental anaiyeis; | Ealcd for C,.H,.O: C,81.53; H,12.08.

17730
Found: C,81.65; H,12.08

g
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Diazomethyl tri—fért—butylcyclopropenyl ketohe.(lSO)

A hexane solptiqn of gfbutyllithium>(1.34 N, 3.6 ml,

4.8 mmol) was diluted with THF (30 ml). To this was added
.a’ THF (5 mi) solution of ketone 139 (l.}69 g, 4.67 mmel)
over 10 min at —7é°. After stirring for 1 hr-at —78“; a
solutioﬁ of tosyl azide (969.4 mg, 4.92 mﬁo;) in THF
.(5 ml) Qés added over 5 min. bThé reaction mixture was étirréd‘
at -78° for 30 min and then warmed te room température; The
reéction mixtur? wéé diluted with kther (100 ml) énq penténe
(lgo'ml)f.washed wiﬁh}brine“(leAO ml) and dried over Na2504.w
Removal of the.soivent and rapid romatography oﬁvﬁéutral
alumina {gfadéylli,-zo qg) using‘hexané'as the eluenf afforded |
the diazoketoné, 1.153 g (89%)\ mp 93-100°.

pmr“Gi(CDCi3); 1;10*(9H,s),‘l::) (18H,s), 5;08 (1H,s) .
ir (CHC1ly); 2120 em™ 1 (s), 1615 (s). '

l,2,S—Tri-tert—butyltricyclo[2.1.0.02’

5]pentan—3¥one.(151)

-

‘Diazoketone 150 (1.028 g, 3.72 mmol) in ether (120 ml)
was irradiated with a high pressure mércpgy.lamp (Pyrex |
filter) at 0° for 1 hr. The solvent was removed and chro-
. matograph§Aon silicic acid (50 g) using dichléromethane as
the'elpent afforded the trié&clic ketone, 285 mg (3i%), mp
39.0-41.0°. _ |
pmx G(CC14); 1.16 (9H:s),:l.26 (18H,§), 1.80 (1H,s). -
3(13C-H for the methine)=184>Hz. ., ' ‘ ¥

ir (ccl,): 1765 em~ L.
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mass spectrum; m/e 249 (M"+1, 0.4%), 248 m*, 0.4), 220 (19),

a

205 (21), 191 (38), 149 (69), 108 (38), 57 (100).

4 . .
elemental analysis; Calcd for C17H280 C,82. 20, H,11l.36.

* Found: C,82.28; H,11.19,

Treatment of 151 with base.
== o

Ketone 151 (45.2 mg) was refluxed for 1.hr in a methanoi
solutlon of sodlum methoxide (1.18 M, 5 ml). After work-
up the pmr and ir spectra showed only the startlng materlal

to be‘present.

Treatment of 151 with acid.

Ketone 151 ¢t11 mg) in methanol (5 ml) and 1.24 N HCl
(1 ml) was stirred at room temperature for 24 hr. thly‘
starting material was recovered.

_F

Photolysis of 151.

Irradlatlon of 151 in methylcyclohexane dl either .
with a high pressure mercury lamp (Vycor filter) or Wlth
a 1bw‘preseufe mercury lamp, caused no change.

..

Thermolysis of 151.

3
Heating a n‘{e‘thylcyclohexane-gl4 solution of ketone
151 in a sealed nmr- tube at 95° for 31 hr yielded a new

‘compound whlch was formulated as ketene 152. .

pmx 6(methleyclohexane-gl4); 0.94 (9H,s), 1.24 (18H s),

.8
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2.87 (1H,s).

ir (ccly): 2110 — =

> 4

2’S]pentan-

3-one. (155) \ e

Potassium metal (192 mg, 4.91 matom) was dissolved in
dry ethanol (5 ml). To this solution was added a solution
of methyimefcuric ¢hloride (782 mg, 3.11 fimol) in dry
ethanol.(25 ml) , and the mixture was kept at 609ffof 3 hr.

The insoluble salt was filtered off, and an ethénol (25 ml)

'solution of diazoketone 150 (790.3 mg, 2.86 mmol) was added

to thé filtrate at 0®. After 15 min of 'stirring at 0°, £he
solvent was removed and THF (10 ml) and ether (10 ml) were
added. The solution was cooled to -110° and to this .was

added bromine (456.9 mg, 2.86 mmol) in dichloromethane (3 ml).
Sti:ring at -110° for 2 hf was follbwéd by warming to 0°;‘

and rcmoval of the solvent at 0°. Pentane (20 ml) was added 4
ﬁo the residue and the insoluble ﬁeréuric compound was
filtéred off. The pentane solution was kept at 40° forv

lg min, during which time hitrbgen evolution was obsérvedl
Removal.of the solvent and chromatography on siliéig acid.
(10 g) afforded bromoketone 155, 490 mg (52%) .

pmr §(CDC1,); 1.36 (18H,s), 1.23 (9H,s).

ir (ccl,); 1780 -cm L.
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mass Spectrum; Calcd_for C17H28079Br. m/e=327. 1323

Found: m/e=327.1317.

Q.

Thermolysis of 155. - T S

Bromoketone 155 was dissolved in chloroform and heated

at 60° for 30 min. The pmr spectrum of ~the product showed

—

it to be .a mixture of starting material and perhaps ketené

157 (23.2:1). Even after 2 hr of heating, t pmr spectrum |
~showed,no.further change.. The ir spectrum of this producth
showed peaks at 2i20v(ketene) and 1780.cm—.‘1 (starting mate-
rial). |

Reaction of 155vwith,base.

Bromoketone 155. (30 mg) and sodium.methoxigéb(ZO mg) -
. in CD3OD (0.5 ml) were sealed in an nmr tube. The reaction
.was followed by pmr spectroscopy . The half life cf the

_ bromoketone at 40° (pmr probe temperature) -was about 15 mln

The product showed three tert-butyl peaks of equal 1nten-
. \
Slty in the pmr spectrum, and the ir spectrum exhlblted a

carbonyl band at 1710 cm’ l. The structure of t?e product'

is likely to be a-bromoester 158.

Photolysis of 155. ' i

A methylcyclchexane—g14 solution of bromoketone 155
[+ . :
was irradiated with a low pressure mercury lamp at -78°
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for 3 hr. The pmrdspectrum showed no change.

®

ARPAT

Reaction of 155 with methyllithium.

To a THF (5 ml) solution of bromoketone 155 (35.4 mqg,
' 0.11 mmol) was added an ether solution of methyllithium

(1.7 M, 0.1 ml, 0.17 mmol) at -78°. After stirring at -78°

for 10 min, the mixture was qtencbed with wet ether. Pentane

(10 ml) and Na SOA were added to the reaction mixture.

2
Filtration and removal of the solvent gave an oiyw(56.4 mé),
whose pmr spectrum was complex, and whose ir spectrum showed

peéﬁs at 2100 (ketene ?), 1760 (ketone ?), and 1690 cm_l.

Reduction of 155 with Ldéf

Bromoketone 155 (285.3 mg, 0.87 mmol), dissolved in

F (15 ml), was cooled to -78°. To this was added a THF
‘solution ‘of LAH (1.11 M, 0.4 ml, :1.78 mmol). After 15 min
‘stirring at -78°, wet ether (10'm1),Was'Carefully added and
the mixture was warmed to room temperature. - Pentane (15 ml)
and Na2$0

4 were édded. ,filtration-thropgh a Celite pad,
femovalvqf the solvent and sublimation at 50°/0.05 mmHg
afforded bromohydrin igg, 153.6 mg ~(54%), mp 96.0-98.0°.
pmr 6(CDC1,); 1.08 (9H,s), 1.31 (18H,s), 4:23 (1H,8). (In

benzene-pyridine, thrée tert-butyl peaks are observed.)

ir (CC14); 3580 cm—l.(b), o , . ‘
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Isomerization of 159 to ketone 151.

Purified bromohydrin 159, upon standing at room tempe-
rature, produced ketone 151 with the liberation of HBr. The |

product was identified by pmr, ir,.and glpc comparisons ‘‘.

with authentic material.

Thermal stability of 159 under basic conditions-.

Bromohydrin 159 was dissolved in benzene/pyridine and

heated to 80° for 30 min. The pmr speétrum showed no change.

Reactior of 159 with base. .

To aVsuspension of- NaH (56 mg, 2.37mmdl):in THF (5 ml)
at -78° was added bromohydrin’lgg (81.9 mg, 0.25 mmol) in
THF (3 ml).  After 5 min) the reaction mixture wéé warmed
to roomAtemperéture. Filtration and removal of the solvent
afforded an oil (79.5 mg). The ir and pmr spectra showed
the oil to be the starting métefial.

The'same sample was then diséolved in THF (10 ml) and

|
to this was added NaH (62.3 mg), and the mixture was kept '

at 60° for 30 min. Work-up as above gave an oil (66.9 mg).

The pmf\§pect?um was complex and no product was identified.

Adduct of 11 and N-phenyltriazolimedione. (165)

'

Diazoester 46 (133.2 mg, 0.435 mmol), dissolved in

ether (3 ml), was irradiated as described above. ﬁfPhenyl-
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triazo}inedibne (68.8 mg, 0.46 mmol), dissolved in ether

(3 ml), was added at -78°, and the mixture’wgs warmed to

room.temperatufe. Chromatography on silicic acid‘(lz g)

using dichloromethane/hexane (1:1,&/;)'as_the eluent gave
a white‘crystallihe adduct, 22.5 mg (12%).

pmr §(CDCl,); 1.24 (9H,s), 1.26 (9H,s), 1.33 (9H,s), 3.78

(3H,s)? 7.41 (5H,Db).

Adduct of 11 and diethylmazodiqarboxyaite.

An‘ether (3 ml) so%ption of 46 (168.4 mg, 0;55 mm91)
fand diethyl azod;carboxylate (99.2 mg, 0.57 mmél) was irra-
diated at 0° for 3 hr. Chrpmatogr;phybon silicic acid (10 g)
using dichloromethane. as the eluent afforded the adduct,
123.4. mg (50%). }
pmr §(CDCl;); 1.21 (9H,§)f 1.28 (9H,s), 1.36 (éverlgpped

with a triplet), 3.73 (3H,s), 4.15 (4H,bq) .

Diethyl 2,3ﬁdiazabicyclo[2.2.0]hex-5—ene-2;3—dicarboxylate.(170)

To a stirred mixture of lead tetraacetate (8.37 g,

18.9 mmol) and ethyl azodicarboxylate (556 mg, 3.2 mmol)
in pyridine (20 ml) was added a. solution. of cyclobutadiene-

iron tricagbonyl 3 (998 mg, 5.2 mmol) in pyridine (10 ml)

S

i

over 40 min at 15°.“NTﬁébreaction mixture was stirred for
further 2 hr. The-resulting precipitate was removed by

filtration and,washéd with a pyridine/dichloromethane (1:1,
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v/v, 60 ml). The combined filtrate was diluted with dichlo-
Yomethane (200 ml), washed with water (2x100 ml), ice—cold
1% HC1l (5x100 ml), 10% NaHCO, (2x100 ml), and water (3x100

3 P

ml).' After dring over MgSO the solvent was reﬁbved to

4’
give the crude product (540 mg). Chromatography on silicic
aqid (10 g) using.chloroform a€ the eluent gaQe‘the pure
adduct, 470 mg‘(ﬁg%). A‘ | ‘

pmr_ 8 (CDCLy); 1.29 (6H,t,3=7), 4.22 (4H,q,J=7), 5.15 (2K,
d,J3=3.5), 6;éb“72ﬂ,d;J=3.g). N

Reaction of 170 with silver. perchlorate.

To a solution of 170 (200 mg, 0.88 mmol) in penzene
(2. ml) was added silver perchlorate (7 mg, 0.03 mmol) at
room temperature and the mixture was stirted for°l4“ht:‘ :
" The soivent was removed to leave an‘oil;'which was dissoiZ§€‘
in ether0(4 ml) and filtered. The filtrate was evaoorated;;

to give a clear-o0il. The.-pmr pectrum showed peaks,

H

besides those of the startingh‘ erial, at G(CDCl ): 5.50

. on
®

{(m) and 6.35 (m). The conwv was ca.40%.

Photolysigyof 11.

o~

Diazoester 46 (16 mg) was dissolved in methylcyclohdc

"xane -d (0.5 ml). The solution was placed‘in a quartz

=14

nmr tube, degassed and sealed. Irradiation with a high

pregsure mercury lamp (Pyrex filter) at,-78° for 4 hr changed
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'46 rompletelm 11l. Thenilrradlatlon using a low pressure

mercury lamp at -198° was continued for 14 hr, but no fu?ther

E]
change was observed in the pmr spectrum. S

> t

Diazo(tri—tert—butylcyblopropenyl)methyi neopentyl ketone. (173)

':To'eysolution of diisopropylamine (225.2 mg, 2.23 mmol)
. T -~ . 4 . .
in ether’ (15 ml) and THF (13 ml) was added an n-butylli-
thium .(hexane solution, -1.45 M, 1;4Am1, 2.03 mmol) at -10°.

The solution was cooled to —110° ;pd to this was added . a

_THF (2 ml) solution of dlazomethyl neopentyl ketone (255 7 mg,

1.82 mmol). After 10 min stirring at -li0°, tri- tert butyl—
¢yclopropenium flPoroborate 49‘(595;8 mg, é;02 mmol) was
addea in small portions After stlrrlng at -110° for 1.25
hr, the reactlon mlxture was warmed to room temperature,
diluted with ether (10 ml) and pentane (40 ml), washec with
brine (3x40 mli, aod dried oYer Na,50,. "Evaporation cf the
solvent(énd chfomatograpﬁy on elumina (neutral, érade I/,

20 ¢) using hexane/ether (lO:l,v/v5 as the eluentrafforded

a yellow oil, 572.8 mg (91%). .

pmr 6(CDC13)} 0.93 (9H,si@2}.03 (9H,s), 1.28 (18H,%), 2.33
(2H,%). Ve \

ir (cCl,): 2050 em ' (s), 1615 (s).
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(3,3-dimethyl-1-oxo-butyl)-tri-tert-butyl[4)annulene. (176)

A solution of diazoketone 173 (11.8 mg, O;dgﬁ’mmol)
in‘methylcyclohexane—g14 (0.4 ml) wés placed in a quartz
nmr tube, which was degassed and sealed. Irfadiation_at »
liquid nitrogen temperature by a high pressure mercury lamp ~
(Pyrek filter) for 4.5 hr produced [4]annulene dérivative |
176. The photolysaﬁé was dark purple at —l§8°. The color
disappeared instantiy upon warming‘to -78°. '

pmr 6(methylcycloheXane—gi4); 1.03 (9H,s), 1.12 (18H,s),

1.20 (9H,s), 2.57 (2H,s).

Photolysis of 176. y
— /

The photolysate in the ‘quartz nmr tube wésrsubséquent1}

irradiated with a low pressure mercury lamp at -198° for °
6 hr. No change was observed in the pmr spectrum. Irradi-
ation with a high pressure mercury lamp (Vycor filter) for

2.5 hr also caused no change in the pmr spectrum.

A solution of diazoketone 173 (5.5 hg) in 2-methyl-
tetrahydrofuran (10 m1) was placed in an quartz uv cell and

dega§§édﬂ Irradiation with a hxgh preséure,mercury lamp

' (Pyrex'£;lter),at -78° was cor'tinued for 1 hr. The uv

spectrﬁm was recorded at -130°. Irradiation with a low
' e I

pressiure mercury lamp at -~140° was continuned for 1 hr and

the uv spebtrumnwas‘recdrdedlat ~-140°. No change in the



‘uv spectrum was obsérved.

3,4,5- Trimethylpyrazole.112

J To a solutlon of 3= methyl 2,4- pentandlone (l 14 g; 10
mmol) in methanol (1.5 ml) was added hydrazine hydrate
' (85% solution, 0.565 ml, 10 mmol) at 0°." The‘mlxture was
stirred at 30° for 5 hr. The methanol was evaporated and
the residue was dlssolved in ether (20 ml) and. dried over
BaO. Evaporatlon of the solvent afforded white crystals,'

1.02 g (91%), which were used dlrectly in the next step

3—Methoxy—3,4,5—trimethyl-3H—pyfaz:£e;1123r113

Todan ice-cold solutlon of 3, 4 5- trlmethylpyrazole
(13.9 g, .0. 126 mol) in methanol 6160 ml) was addedﬁﬂ bromo—
Vsucc1n1m1de (25 g, 0.14 mol) in small porgaons After stir-
'rlng at 0° for 20 mln, a. KOH methanol solutlon (l.lZ&HN,
122.5 ml, O. 138 mol) was slowly added. Stlrrlng was con—f
tinued for 1l hr at 0°. The bulk of the solvent was removed

and distillation afforde the produét, 10.8 g (63%), bp
112a '

ca. 45°/3 mmHg 9lit. 52-53°/2.8 mmHg).

Trimethylcyclopropenium fluoroborate.112a

3—Methoxy-3,4,5—trimethy1—3ﬁjpyrazole“(2.0 @& 14.7

mmol) dissolved in pentane (200 ml) was irradiated with a
P N
high pressure merggry laﬁp'(PYrex filter) for "1 hr, while

-~ -

' the photolysis vessel wag cooled at ca. -40°. The photo-

lysate was transfer;ed to a flask at -30° and a 54% HBF4

)
283

. Vit et
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ether solution (3.45 ml) was added. After stirring at -30° -
for 1 hr, ice-cold ether (200 ml) was added to the reaction

mixture. The fluoroborate was colleéted and recrystallized

from acetone/ether. Yield was 2.0 g (81%), and mp Yﬁ? 1304/ 

131° (lit. 130-131°), 11l2a

?rimetﬁylcyc1opropenyldiazoacetate.(174)

This diaéoestef was prepared in a similar ménner to
that for tri-E§£E—butylcyclopropenyldiazoacetate 46, except
that the chromatography on alumina wéékcarried out at -10°.
pmr 6(CDC1,); 1.31 (3H,s), 2.05 (6H,s), 3.75 (3H,s).

ir (neat); 2070 Cm—lﬂSQJ 8

This diézoester sldwi& igoherized’ at O°vto metﬁyl
‘4,5,6—ﬁrimethylpyridazinecarboxylate_l125 |
pmr 5(dbc;35; 2.32 (3H,s),“2.§% (3H,s),_2.75 (3H,;), 4.06
(3H,8). N |

Photolysis of 174..

A 4

Diazoester - (174), frozen in methyibyclohexané} was
irradiated at -198° and the matrix turned black. The color
. g . s : v

disappeared instantly upon warming. ‘2-Butyne, methyl 2-

- .
butyrate, and dimers of trimethyl[4]annu1enecarboxylate‘were

identified (in ca. a 1:2:2 ratio, respectively) in the product

mixture by, glpc (UCW-98) analysis.

The photolysis was then carried out in either cyclo-

)
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“Dipenylcyclopropenium fluoroborate.
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pentene or ;n'butadiene at -78°. The‘produgts in both cases
were identical with- those f;om‘the'above reaction. No adduct
with the solvent‘was formed.

Thevesr spectrum of the black photolysate was ‘recorded

at'—170°, but no signal that may beeéécribed to a triplet
’ s -

species was observed.

<
A7

114

Acetic anhydride (3 mlf_waseadded to a mixture of

- &pheryleyclopropenylcarboxylic acid (1.0 g, 4.23 mmol)

and %.5 % "HBF4

After 1 hr stirring; ether (400 ml) was1addéd andcthe preci—

tether solution (4 ml)‘at‘room’temperature.fi

pltated product was collected and recrystalllzed from acetone/

‘ether, yleldlpg 434 mg (37%) of the fluoroborate

L~ . ‘ i ",}1 .

Methyl diphenylcylcopropenyldiaZOacetate. (1L76)
Diphenyl derivative 176 was'prepared in’ a -similar manner

to the other dlazoesters, (purlty was ca. 30%).
prir 6(CDC13);‘3.00 (lH,s)%<3,81 (3H,s)7 6.9-7.3 (10H,m).

This dlazoester isomérized to dlphenpryr1da21necarboxy—

Y‘

.fa?'

late at room temperature.

i
TR

pmr §(CDC1,); 4.08 (3H,s), 8.18 (1H,s).

.Photolysis of 176.

Dlazoester 176 (20 mg) in methylcyclohexane d14 (0.5

ml) and TH?—d (O 1 ml) was 1rrad1ated w1th a hlgh pressure

i
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mercury lamp (Pyrex filter) for 2 hr.. No startinghmaterial
remained ahd glpc ahalysis (UCW-98) showed the presence

"

. of diphenylacetylene‘(ga. 50% yield) but no phenylacetylene.
y

Photolysisvof dipropylcyclopropenyldiazoacetate 177.!

Diazoester 177 was similarly prepared,lls but in
L _ )
ca. 50%.purity. Because of its instability, further S puri-

-flcatlon ‘'was not attempted Even at room temperature, 177

—e

‘1somerlzed ta the pyrlda21ne derlvatlve. The crude diazo-

ester 177 was. dlssolved in methylcyclohexane and irradiated

/ . 9,

with a high’pressure mercury lamp (Pyrex filter) ‘at -78° </
for 2.5 hr. Glpc analysis (UCW-98) of the photolysate TN

showed the presence of 4-octyne but no other volatile'material
: S5k , ; : :
was observed.

EY

iy

Photlysis of azide 45.

v i ~

‘ A solutlon of azide 4339 (55 mg)'in'methylcyclohexane~ga4

(0. 3 ml) was placed in a quartz nmr tube, degassed and - sealed.
vIrradlatlon using a hlgh pressure mercury lamp (Corex fllter)mh
at 110° caused nitrogen evolutlon._ After the cessation

of gas evolutlon (ca. 5 hr) the reactlon mixture was checked

by pmr spectroscopy and glpc analy51s. Both the pmr spe-

ctrum (two 51nglets at & 1.14 and l 28 w1th an 1nten51ty

ratio of 2:1, t —50 ) and the glcp ana1y51;\(UCW—98) showed

that the only products were di- tert—butylacetwlene and .

pivalonitrile. Irradlatlon at -198° produced the 1dent1ca1

o
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proddcts.

Reaction of tri-tert-butylcyclopropene 181 with dichloro-

carbene,

_A solution of chloroform (180 mg, 1.51 mmol) in_THF

i) and pentane (1 ml) was cooled to -110°. B héxane 
" solution{of n-butyllithium (1.49 M, 0.83 ml, 1.34 mmol)
was then added. After s£irring“for 15 min, tri- tert—butyl—
cyclopropene (193 mg,w0,926 mﬁol) in THF-(3 ml) was added
over a‘peridd of Smmin; After stirring at -110° for 15.m1n,
the mixture washwarméd-to -78° over 30 min. Stirring at
~78° for 1 hr was followed by'warming to O°/over'30 min.
',Wef_ether (ZQ ml) was adaed to the-reaction mixture, which
‘was_then dilutéd with ether (30 ml), wash®d with pH 7 buffer
(20 ml) and drled over MgSO ~ The pmr spécfrum of this -

product (274 7 mg) showed that it was a mixture of ‘the

. starting material and dlﬂhlorlde 24.

-
iy
iy
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