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ABSTRACT

PHOTOCHEMICAL ISOMERIZATION

2,4

IN THE TETRACYCLO[4.%.0.02°%.077]NONA-8-ENE

SYSTEM

by Raymond Joseph Barreras

The first example of photochemlcal cyclo-
addition of a cycloprorane ring to an olefin was

reported by Prinzbach (I —> II) (1).

c
_—
co,cn, 6.,
I II
This investigatl . nas cisclosed a second
exanple of intramolecu’ -r cycloacdition of a cyclopropane

system to an olefin. 1=t cycloacdltion occurs readily
even though the conversion of 8,9-dicarbomethoxy-

3.7
2’4.03"]nona-8--ene (III) to

" 8
3,7-dicarbomethoxypentacyclo[3.3.1.02’4.06’ .03’G‘-

tetracyclo [4.3.0.0

nonane (IV) results in an increase in strain.
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N

co,cu, Co,CH,

Co,CH
Co,_cH3 -3

Tne isomerizatio:r of III to IV was effected by
irradiating a dilute pointane ssclution (100 mg. III 4in
300 ml. solvent) for five hours. A 200 watt zedium

2
|

pressure inmersion lazp (Zanovia) equipped with a

Hy

Vycor filter was used to effcet a 35 convercsion to IV.
The stiructure ol tre pentacyclic photodroduct

was Geduced from mese spectral, infrared, and nuclear

maznetic resonance data, and the relative thermeal

stability of IV. KMeltins at 53-4°, IV exhibited

~
2
~

infrared absorption at 3055, 2950, 2080, 1740, 1435,
-2~ g -1 ) o
15¢C, 1165, and 1070 cz. .« The mass specirun of IV
stowel a parent peak zi /e 234 and the n.m.r. spectrux

hes resonence at T= &.1%, 7.4%0, T7.i7, and 6.39 (crea

retlos 1:2:1:3 respectively).

Toe phnotolsoner, IV, ic ctatle to heatinz to
=20 s A e . St e e
200 ~T GeCcolNosexr Lo -~ Vaeate s Vel caure. wil

- mdeean Y3 3 4 o e S L
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only recoverable meterial is unreacted III. No trace
oL the photoproduct 1s found. o

An intermolecular reaction between an olefin and
a cyclopropane ring did not occur when mixtures of
maleic anhydride/norcarane or cyclohexens/1,1,2,2-

tetracarbomethoxycyclopropane were irradiated.

- AT
R=T RO

1. H. Prinzbach, W. = ~-c¢h, ani G. Von Veh,
Aner, Chemie (In: . Zi.,;, 4, 436(1965)
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It has been well known for a considerable period
of time that o ,p-unsaturated carbonyl compounds undergo
dimerization when irradiated (1). The products are
cyclobutane derivatives arising from the olefinic port-
ions of the molecules. Sometimes a mixture of products
distingulshable as head-to-head or head-to-tail dimers
result (2). Further examples of such dimerization are

o
o y ) . ©
— DI O
H o o
seen in the work of Griffen (3) with maleic and fumaric

acids and Hammond (4) with the coumarin system.
In the presence of olefins certain o, p~unsaturated
carbonyl systems undergo a similar reaction known as

cycloaddition. (5,6,7)

o0 — aD

CHy (e}
E—
@ " cﬂak CH,

o
oCH
l + ‘ 3 PN \/JLOL(,rﬁ
OCH;y k/}
o

C C‘L( 7(3




Intramolecular formatlion of cyclobutanes occurs

even when a highly strained system results (9,10).

N

co,H co,H

co,H

Since cyclopropane systems exhibit many propertiles
similar to those of olefins (8), an investigation of
photochemical eycloaddition reactions of three membered
rings seemed worthwhile.

L- X —

s> o—

Recent reports of intramolecular photocheamical

rearrangenent of tricyclo[3.2.1.o.2’4]octene derivatives



(I) to tetracyclo[3.3.0.02’8.04’6]octane analogs (II)

involve such a transformation (11,12), as must the
reaction of 2-butyne with dimethyl 3,6-dihydrophthalate
to give (IV) via an intermediate containing a cyclo-

propane ring and a double bond (III) (13,14).

H,co, COLC”S CHzCo, Co CHy
_—
CH,CO,

CH;Ce,

I II
COZC”J
COLC"Jg CH;
i
C0,(H, c —_—
]
Cd3 CH; CH3
III
CCOLCH
-C CLC'43
CH3 ('HS



RESULTS AND DISCUSSION

In order to enhance the desired cycloaddition, an
intramolecular model was chosen for this study. In part-
icular, 8,9-d1carbomethoxytetracyclo[4.3.0.02'4.03’7]nona-
8-ene (V) was used, since models indicated that the
olefin 4 -orbitals and the cyclopropane 2,3-bond over-

lapped well.

GiLq Co,CH3
v

Syntheegis of V was reported by Schrauzer and
Glockner (15) and proceeded in 32% yileld by reaction of
dimethyl acetylenedicarboxylate with bicyclo[ 2.2.1] hepta-
2,5-diene in the presence of a complex nickel catalyst.
The 121 adduct was obtained in up to 50% yield by heating
an equimolar mixture of diene and ester (16). In reflux-
ing toluene the yields range from 57 to 65%.

Interactions of non-conjugated chromophores have

been seen in many systems. The non-conjugated interaction

4



usually falls between the isolated carbonyl (A) and the

conjugated carbonyl (E). The location of the absorption

o O ™
"y L
B ¢ p ° E

A A
max 219 280 297 310 330

€ 14,1 107 107 288

bands in the non-conjugated ketones (B-D) is related to
the stereochemistry of the lone palir and x -orbitals of
oxygen in relation to the s-orbitals of the carbon-carbon
double bond (19). Clearly, =-orbitals will tend to
interact best, when appropriately oriented with respect
to each other. Thus, the shift in absorption from 29Tmu
to 310mp in compounds C and D indicates a better over-
lap of the orbitals in the bicyclo[2.2.1] system.

The orystalline diester V, m.p. 65-66°, exhibits
an absorption maximum at 244mp (log € 3.98) in the ultra-
violet, indicating transannular interaction between the
x-orbitals of the double bond and the bonding orbitals of
the three membered ring. The significance of this inter-
action may be Judged by comparison with dimethyl dimethyl-
maleate, A .. 212.5mi (log € 3.95); I, N ___ 230mu(loge 3.83)
(12) and 2,3-dicarbomethoxybicyclol[2.2.1]lheptadiene,

xmax 237mp (log € 3.60) (10), inasmuch as the latter



two compounds undergo efflcient transannular photo-
chemical cycloaddition.

Early attempts to isomerize V led to extensive
dimer formation, largely because the conditions were too
severe and the concentration of substrate too high. 1In
dilute pentane solution (100mg. V in 300 ml. solvent) a
five hour irradiation led to a 35% conversion to VI.
This substance, m.p. 530, was purified by preparative
V.P.Ce, and identified by a variety of spectroscopic

measurements,

hy

Co,CH
(H;co coyeH, CH,C0, L3

\'A Vi

The infrared spectrum of the photoproduct, VI,
(Figure 1) has bands at 3050 and 1025 cm.”! which can be
aesigned to cyclopropyl hydrogens (26). The absorption
at 1735, 1235, and 1225 cm.” ! 1s assigned to the carbo-
methoxy group and the lack of absorption in the 1700~
1500 cm.-1 region indicates the absence of a double bond
(26).
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The mass spectrum of VI (20) confirms its monomeric
nature (parent ion at m/e = 234). Additional prominent

ions in the mass spectrum of VI are listed in Table 1.

m/e Assignment
234 ¥

203
202
187

+
(M- OCHB)

143

116

115(base)
91

59

(C7H7)+

/
/
/
/
174 / (M- COCH3- H)'
/
/
/
/
/ (cEz0¢ 0)*

Table 1: Mass spectrum of VI

The strongest evidence for structure VI was found
in the n.m.r. spectrum(Figure 2) (20), which displayed
resonance signals atT= 8.11, T7.40, 7.17 and 6.39 (area
ratio 1:2:1:3 respectively). The appearance of the
cyclopropyl hydrogen signal at rather low field is

probably due to a combination of carbon bond angle
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1

constriction and electron withdrawal by the carbomethoxy

substituents. Examples of these effects can be seen in
4,6]_

hexane (cyclopropyl hydrogen signals atr = 8.43 and

other systems, such as 1-methyltricyclo[3.1.0.0

8.14) (21), quadricyclene (cyclopropyl hydrogen signal
at v= 8.59) (22), and 1,1,2,2-tetracarbomethoxycyclo-
propane (cyclopropyl hydrogen resonance at T= 7.82) (23).

Since the low field cyclopropyl hydrogen resonance
of VI concelvably reflects an increase in the aclidity of
these hydrogen atoms (24), base-catalyzed exchange
reactions of VI were investigated. The photoproduct VI
was, however, recovered unchanged from a solution of
sodium methoxide and methanol-0-d after 72 hours.

To test the possibility of thermal conversion to
VI, oxygen-free samples of V were heated at 200°, 306°,
368%, and 412°., Although compound V was unchanged after
19 hours at 2000, considerable darkening of the samples
was observed at 306o after heating periods of 15 minutes,
1, 3, and 15 hours. An insoluble carbonaceous material
was flltered off and the infrared spectrum of the soluble
pyrolysate was taken. The spectrum was superimposable
with that of authentic V, and v.p.c. chromatography on
FFAP showed only one component, the starting material.
Pyrolysis of V at 368o for 1 and 3 hours gave similar



12

results. Complete decomposition occurred in 15 minutes
at 412°, and v.p.c. analysis showed that none of the
products corresponded in retention time to either V or
VI. In this higher temperature pyrolysis the carbon-
aceous material was again observed. No attempt was
made to 1dentify these pyrolysis products (about
fifteen in number).

The photoproduct, VI, is stable at 300°, being
recovered unchanged after heating for 1 and 3 hours.
At higher temperatures the decomposition of VI did not
include reconversion to V.

Attempts have been made to prepare other deriv-

2’4.03’7]nona-8-ene

atives of the tetracyeclo [4.3.0.0
system (VII a-e). For example, V was hydrolyzed with

refluxing aqueous sodlium hydroxide until the oily organic

v R = R' = CO,CHy
VII a) R = R' = CO.H
b) R =R' = CHXOH

¢) R=R' = CHOTs

— d) R =R' = CH,0Ac

R R e) R=R'= CHy

IX a) R=R'= CgHg

b) R = CgHg, R' = H
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layer had dissolved and a crystalline diacid (Vviia),
having oxygen-hydrogen stretching at 3000 cm.-1 and

~1 4n the infrared,

carbonyl stretching at 1695 cm.
was obtained. Treatment of a slurry of VIIa with
diazomethane in ether gave a low yield of the starting
ester, V.

Reduction of V with excess lithium aluminum
hydride gave only partial conversion to impure VIIb.
This compound exhibited strong absorption in the infrared
at 3350 em.”! (broad, aseribed to intramolecular
hydrogen-bonded hydroxyl groups), 3052, 2935, and 2860
cm.-1. There was also weak absorption (ca. 20%) at
1720 cm.", indicating some remaining carbonyl function.
A semi-crystalline dlacetate derivative of the diol was
made by treatment of VIIb with acetic anhydride under
reflux. The dlacetate, VIId, had a melting point below
room tmeperature and could only be recrystallized from
ethyl acetate with difficulty. Infrared bands at 3050,
2915, 2851, 1740, 1370, and 1260 em.” ! indicated an
ester structure.

As the first step in conversion of V to the deoxy
comvound, VIIe, via lithium aluminum hydride reduction
of the ditosylate, VIIec, the dilol was treated with
p-toluenesulfonyl chloride. The product exhibited no

hydroxyl absorotion in the infrared, but also showed no
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absorption characteristic of the p-toluenesulfonate
group, 1.e. 1230-1150 and 1440-1350 em.”! (26 ). &
possible explanation for this puzzling result involves
initial formation of a mono-tosylate followed by Sn2
displacement of the tosyl group by the free hydroxyl.
Such a route would lead to a dihydrofuran.

ﬂ

oT;
CH, CH,” %13

Tp“a
H
Attempts to prepare derivatives of the tetracyclo-
[4.3.0.02’4.03'7]nona-8-ene system included the reaction
of bicyclo[2.2.1]hepta=-2,5-dlene with various substituted
acetylenes. Among the acetylenes used were diphenyl-
acetylene, phenylacetylene, acetylenedlcarboxylic acid
and 2-butyne-1,4-diol. 1In each case the starting materials
were recovered unreacted. The work of Schrauzer and
Glockner (15) on the nickel cyanide-triphenylphosphine
catalyzed reactions indicates that the reaction of
diphenylacetylene with bicyclo [2.2.1 Jhepta-2,5-diene
yields a tricyclic substance rather than the expected

tetracyclo derivative.
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Hydrogenation of V at atmospheric pressure using a
10% palladium on charcoal catalyst yielded a dihydro-
derivative, X. Inspection of models showe that the

L0, X Co,ch

frontside of the molecule would be less hindered and so,
although not rigorously proven, the stereochemistry of
X 1s probably as indicated.

Having observed the photoreaction of an olefin
and a cyclopropane ring in an intramolecular process,
the investigation of several analogous intermolecular
systems was undertaken. In order to minimize possible
dimerization reactions, a dilute solution of the cyclo-
propane in the olefin or of the olefin in cycloprorane

was studied.
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After irradiation for 60 hours, 1,1,2,2-tetra-
carbomethoxycyclopropane in cyclohexene falled to give
any products corresponding to a 121 adduct of the
two reactants. Neither cyclopentane product (A and B)
expected from the reaction could be detected.

R R R
R R R
Q- 00 0§
R R R
R R
A B

R = CO'LCHS

o 0 <
D e O O
° 0

A mixture of maleic¢ anhydride and norcarane
proved to be equally unreactive when irradiated. 1In
contrast, Schenk has reported a 95% yleld of the
corresponding cycloaddition between maleic anhydride
and cyclohexene (25).

The lack of reactivity of the two systems may be
attributed to an entropy effect, whereby the olefin
and cyclooropane never achieve the proper orientation to

allow the necessary interaction to occur. Alternatively,
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the energy 1nitlally absorbed by the chromophore may
be loat by collislion with solvent moleculee prior to
reaction.

After our structure proof in this system was
completed a communication reporting a similar photo-
chemical isomerization appeared in Chemical

Communications (27).

_—
o, R CoR
Co,R Co,R
V R = CHsz VIRS= CH3
Vila R =H XI R=H
— -
@
> ,7 EE— _
/ CeR
Co,R Co, R
coR
ok
RCG&\
L = “—

XII
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The n.m.r. spectrum of the photoacid sodium
salt (XI) ie reported to have absorptions at r= 6.73,
7.07, and 7.65 which agree well with the spectrum of
the photoester, VI (resonance peaks at = 7.17, T.40,
eand 8.11., Multiplicity and peak area ratios are the
same in both compounds.)

These authors reported a mixture of liquid
products upon irradiation of the ester, V, while this
work indicates a clean 1somerization to one photo-
product, VI. That the photoproduct has structure VI
instead of the alternately proposed structure XII is
best evidenced by the thermal stability of the photo-
isomer and some preliminary x-ray data cited in the
communication (27). Structure XII has two four-
membered rings which would be expected to be thermally

unstable.



EXPERIMENTAL

Melting points were determined on a Koefler hot
stage. Infrared spectra were recorded on a Perkin-
Elmer Model 237B, Double-beam grating spectrophotometer,
and the ultraviblet spectra were taken on a Beckman DB
spectrophotometer. The nuclear magnetic resonance spectra
were determined in carbon tetrachloride solution using
a Varian Associates, A-60, spectrometer and a Varian
Assoclates, HR=-100, high resolution spectrometer. Vapor
prhase chromatography analyses were made using an
Aerograph, A-90-P, gas chromatogreph with a 0.25 in.,
6-ft. column of FFAP on Chromasorb G. Micro-analyses
were performed by Spang Microanalytical Laboratory,

Ann Arbor, Michigan, and by Micro-Tech Laboratories,
Skokie, Illinois.

19
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2,4

8,9-Dicarbomethoxytetracyclol 4.3.0.0 .OB’ﬁ nona-8-ene, V

A solution of biecyeclo[ 2.2.1] hepta-2,5-diene

(9.2 g., 0.1 m.) and dimethyl acetylenedicarboxylate
(5.1 g., 0.036 m.) in 12 ml. toluene was refluxed for 20
hours. The toluene was removed from the amber solution
under reduced pressure and the dark residue was vacuum
distilled at 1 mm. and yielded a clear liquid, b.p. 118-
120°, which solidified on standing, m.p. 59-60°. The
yield of this 1:1 adduct was 4.8 g., 0.02 m., 57%.
Crystallization from pentane gave a white crystalline
material, m.p. 65-66°, Apax 244 m, loge 3.98; v . (CC1l,)
3060, 2990, 2945, 2860, 1720, 1615, 1440, 1340, 1225, 1160,
1090 cm.-1 (Fig. 3);T = 6.31 (6H-singlet), T7.05 (2H-broad
multiplet), 7.82 (1H-broad multiplet), 8.20 (1H-broad
doublet), 8.41 (4H-broad multiplet) (Fig. 4).

Analysis: Cale. for Cy3H;,0,: C, 66.64%; H, 6.02%

Found: &, 66,31%; H, 5.93%.

2,4.06,8

3,T=-Dicarbomethoxypentacyeclo[ 3.3.1.0 .03’7]nonaneL,V1

Photoisomerization of V was accomplished by
irradiating a solution of 100 mg. V and 300 ml. pentane
with a 200 watt medium pressure immersion lamp (Hanovia)
equipped with a vycor filter. The solution was irradiated
for five hours at room temperature, evaporated on a

Rinco flash evaporator, and the resulting oill was
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dissolved in benzene and separated by wvapor phase
chromatography. Two peaks appeared in the chromatogram.
The first peak (65%) was collected and found to be
identical to V in every respect (m.p., i.r., and
n.m.re.). The second peak (35%) solidified upon cooling
in the collection tube and melted at 53-4°. The infrared
spectrum showed absorption at 3055, 2950, 2860, 1740,
1435, 1360, 1105, and 1070 em, ™! (Fig. 1). The mass
spectrum of VI showed a parent peak at m/e 234 (Table 1)
and the n.m.r. spectrum had resonance at + = 8.11, T7.40,
T.17, and 6.39 (area ratios 1:2:1:3 respectively)
(Fig. 2).

Analysis: Calc. for 013H1494= C, 66.64%; H, 6.02%

Found: C, 66.48%; H, 6.33%.

When photolysis was carried out in a more
concentrated solution ( e.g., 200-900 mg.) or for times
exceeding five hours, several secondary reactions
occurred which led to the formation of dimers. Their
structures were not determined but evidence of thelr
dimeric character came from the retention times on
the gas chromatograph. After irradiation for nineteen
hours a one gram solution of V in pentane showed several

peaks at retention times of 1.1-1.3 hours.
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Tetracxclo[4;3.0.02’4.03’71nona-8—ene-8,2-dioic acid, VIIa

To a 0.1 g. (0.00043 m.,) 8,9-dicarbomethoxy-
2,4

tetracyclo[4.3.0.0 .03’7jnona-8-ene was added 5 g.
sodium hydroxide and 50 ml. water. The mixture was
refluxed for two days, during which time the oily
organic material had gone into solution. Upon cooling
and acidification with dilute hydrochloric acid, a
white flocculent precipitate formed. Extraction with
ether gave the diacid, VIIa, in 80% yleld, m.p. 217-9°.
The n.m.r. showed resonance at r+= 6.77, 7.73, 8.02,
and 8.33 with area ratios of 2:1:1:4 respectively.

(The spectrum was run in hexadeuteroacetone with
tetramethylsilane as an internal standard. A quintuplet
at T = 7.95 18 correct for acld hydrogens partially

exchanged for deuteriums in the hexadeuteroacetone.)

(Figure 5).

Method II

An alternate method of synthesis of the diacid,
VIIa, is from bicyclo[ 2.2.1] hepta-2,5-diene and
acetylenedlcarboxylic acid. A solution of 2.73 g.
(0.025 m.) acetylenedicarboxyllic acid and 2.78 g.
(0.31 m.) bicyclo [2.2.1 ]hepta-2,5-diene in 20 ml.

toluene and 5 ml. 95% ethanol was heated under reflux
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for two days. After cooling to room temperature, the
reaction mixture was evaporated to remove the solvents.
No 121 adduct could be 1solated from the remaining
yellow oil. Thin-layer chromatography showed no less
than nine spots, one of which corresponded to the
diacid derived from the diester, V, upon hydrolysis.

No further attempt was made to use this route

synthetically.

8,9-Dicarbomethoxytetracyclo Hu3.0.02’4.03’7]nonane, X
A solution of 0.234 g. (0.001 m.) 8,9-dicarbo-

methoxytetracyclo[4.3.0.02’4.03’7jnona—8-ene in 100 ml.
ethyl acetate was stirred in a 125 ml. round bottom
flagk fitted with a condenser and a three-way stop-
cock, having one outlet leading to a wacuum esystem

and one to a ballaon of hydrogen gas. Palladium on
charcoal (0.1 g., 10%) was added and the system evacuated
untll the ethyl acetate started to boil. Hydrogen was
allowed to enter and the evacuation-filling process
repeated three times. The reaction mixture was then
stirred for five hours. The catalyst was removed by
filtration and the resulting clear solution was
evaporated. Crystallization was effected from ethanol,
yielding a product melting at 57°. The infrared of
this materlal showed bands at 3055, 2950, 2870, 1745,
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1435, 1350, 1315, 1235, 1190, and 1170 em.”" (Fg. 6).
The n.m.r. showed absorbance atr = 6.38 (singlet),
6.89 (broad triplet), 7.75, 8.17, 8.49, and 8.T74

(all broad multiplets) with area intensity 6:2:1:1:2:3
respectively (Fig. 7).

2,4.03,7

8,9-Dihydroxymethyltetracyclo[ 4.3.0.0 ] nona-8-ene, VIIb

A slurry of 0.4 g. lithium aluminum hydride and

0.24 g. (0.001 m.) 8,9-dicarbomethoxytetracyclo-
[4.3.0.02’4.03’ﬂ:nona-8-ene in 70 ml. ether was heated
under reflux for 1.5 hours. The excess hydride was
destroyed by careful addition of ethyl acetate. A
solution of saturated aqueous ammonium chloride (25 ml.)
was then added. The reaction mixture was filtered and
the filtrate extracted with ether. Some additional
product was also obtained by washing the collected
precipitates with portions of ether. Evaporation of
the solvent from the combined extracts yilelded an oll,
the infrared spectrum of which still showed a weak
carbonyl absorption at 1720 cm. .

Upon treatment with excess acetlic anhydride in
pyridine the infrared absorption band at 3350 cm..1
present in the dilol disappeared. The product from
this reaction, presumably the dlacetate, exhibited a

tyrlcal ester odor and cshowed acetate absorption at
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1740 and 1260 em.”! in the infrared. The diester was a
non-crystalline material which formed small erystals
from a cold solution of ethyl acetate; however, these

melted below room temperature.

Method II
An alternate preparation of 8,9-dihydroxymethyl-

2’4.03’7inona-8-ene was attempted

tetracyclol[4.3.0.0
utilizing a reaction similar to that employed in the
preparation of the tetracyclic ester, V. A solution of
8.6 g. 2-butyne-1,4-diol and 9.2 g. bicyclo[2.2.1]hepta-
2,5-dilene in 15 ml. dimethylsulfoxide was heated under
reflux for two days. Vacuum distillation at 4 mm.
yielded the bicycloheptadiene in a forerun, dimethyl-
sulfoxide as the major distillate, and residues which
were essentlally unreacted 2-butyne-1,4-diol. Further

preparations were not attempted.

Attempted synthesis of 8,9-dimethyltetracyclo-

A sample of the impure 8,9-dihydroxymethyl-
4
was dissolved in 5 ml. pyridine and 2 g. of p-toluene-

sulfonyl chloride in 5 ml. pyridine was added. The
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mixture was heated under reflux for two hours. After
cooling to room temperature, 25 ml. of water was added
and the aqueous solution was extracted twice with ether.
The ether was washed with a 10% sodium bicarbonate sol-
ution and twice with water. The organic layer was
dried over sodium sulfate and evaporated, yielding a
colorless o0ll. Except for carbon-hydrogen absorption,
the infrared spectrum of this o0il showed no absorptions
ascribable to the expected tosylate, VIIc. The
p-toluenesulfonate grouping is known to have absorption
in the infrared at 1230-1150 and 1440-1350 cm. ' (26).
Absorption was lacking in these regions.

The o011l was dissolved in ether and 0.2 g. lithium
aluminum hydride was added. The reaction mixture was
allowed to remain at room temperature for several days,
at which time the excess hydride was destroyed by adding
ethyl acetate. Except for a slight increase of O-H
absorption in the infrared, presumably due to reduction
of any residual carbonyl present after the first reduction,
the infrared spectrum was essentlally the same as that

prior to reduction.
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Attempted synthesis of 8-phenyl-
[4.3.0.02**,0%* T nona-8-ene, x>

Phenylacetylene (30.6 g., 0.3 m.) and bicyclo-
[2.2.1]hepta-2,5-diene (27.6 g., 0.3 m.) were refluxed
for twelve hours. The initially light yellow solution
turned a deeper yellow and finally a rich amber red.
Upon distillation of the reaction mixture, only

unreacted starting materials were recovered.

Attempted synthesis of 8,9-diphenyltetracyclo-

L#oj ° O 002’ 4. 03 ’ 7] nona"s-ene, ‘I_x_a.

A solution of 2 g. (0.02 m.) bicyeclo[ 2.2.1 Jhepta-
2,5-diene and 0.32 g. (0.002 m.) diphenylacetylene (tolan)
in 5 ml. toluene was refluxed fdr 19 hours. Upon flash
evaporation of the volatile components, a creamy yellow
powder was obtained. Recrystallization from pentane
gave quantitative recovery of the diphenylacetylene.

When the reaction was repeated in the absence of
toluene at the temperature of refluxing bicyclo [2.2.1]-
hepta-2,5-diene (approximately 1500) no adduct was

observed.
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Pyrolysis of 8,9-dicarbomethoxytetracyclo-
[4.3.0.0%7%

.03’7]§ona-8-egg

In the pyrolysis experiments the glass vizls were
prepared in the following manner.

Pyrex tubing (8 mm. O.D.- 4 mm. I.D.) was cut into
20 cm. lengths and placed in a bath of nitfic acid for
5 hours. The tubes were rinsed thoroughly with distilled
water and covered with ammonium hydroxide for 30 minutes.
After rinsing well with distilled water, they were placed
in a drying oven at 120° for 7 hours. The tubes were
then sealed and stored in a desiccator.

Samples of compound V (ca. 100 mg.) were degassed,
sealed under nitrogen, and heated in an aluminum block
furnace at 200°, 302°, 368°, and 412° for various
lengths of time. The temperature was controlled to
+ 2°¢. After 19 hours at 200° a sample of V was completely
unchanged. The clear, colorless liquid solidified upon
cooling to room temperature, and its infrared spectrum
was identieal with that of the unheated V.

Upon heating to 302° for 15 minutes, 1, 3, and
15 hours, each of the samples became quite dark and
discolored. At the longer reaction times dark, chunky
flakes of carbonaceous material formed. After cooling,

the vial was broken and the organic material dissolved
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in benzene. Vapor phase chromatographic analysis

of these benzene solutions exhibited one peak at

the retention time of the starting materlial in each case.
Infrared spectra of the samples in 0014 were ldentical
to those of V.

At 368°, samples heated for 15 minutes and 1 hour
again exhibited decompostion. The soluble organiec
materlial again proved to be the starting ester V.

Pyrolysis of V at 412° also led to extensive
decomposition, but v.p.c. analysis of the soluble
components showed a complex mixture of pyroducts, none
of which corresponded to the starting dlester, V, or
to the photoproduct, VI. No attempt was made to
identify these substances.

Pyrolysis of -dicarbomethoxypentacyclo-

L2,3,1.02’4.06’8.03’7]nonane. Vi

Photolsomer, VI, remained essentlially unchanged
when heated to 3000. At higher temperatures the
decomposition did not involve conversion to the

starting diester, V.
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Deuterium Exchange of 8,9-dicarbomethoxytetracyclo-
L40300002’?03’7] nona--s-ene’ v

A mixture of 145 mg. (0.00062 m.) V, 56 mg. sodium
methoxide and 30 ml. methanol-0-d (80% d) was heated
under reflux for 20 hours. The reaction mixture was
cooled, added to 30 ml. heavy water (994 4), and the
aqueous layer extracted with pentane. After drying
over sodlium sulfate, the pentane solvent was evaporated,
yielding a white so0lid. The infrared and n.m.r.
spectra.of this material wsre identical to that of
the starting materlal, V.

Deuterium Exchange of -dicarbomethoxypentacyelo=-

[3.3.1.02’4.06’8.03'7]nonan644Y1

After 72 hours of warming on a steam bath, a
mixture of 40 mg. VI and 48 mg. sodium methoxide in
30 ml. methanol-0-d (80% d) was cooled, poured into
deuterium oxide (99% 4), ahd extracted with ether., The
80lld material recovered proved to be identical to the
photoproduct, VI.

After 3 weeks of sitting at room temperature a
20 mg. sample of VI in a solution of deuteromethanol/
sodium methoxlde was also recovered unchanged. The
infrared and n.m.r. spectra were taken to make comparisons
for possible incorvoration of deuterium. The results

were negative.
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Irradiation of Maleic Anhydride and Norcarane
Irradiation of a solution of 35 mg. maleic

anhydride in 1 ml. norcarane (bicyclol4.1.0] heptane)
for two hours in a vycor test tube using a 250 watt
medium pressure mercury lamp led to no observable
products. Analysis was by vapor-phase chromatog-
raphy.

Irradiation of 1,1,2,2-tetracarbomethoxycyclopropane

and cyclohexene

Irradiation of solutions of 45 mg. 1,1,2,2-
tetracarbomethoxycyclopropane in 3 ml. cyclohexene
for from 1 to 60 hours in quartz test tubes using a
250 watt medium pressure mercury lamp led to no
observable products. Analysis was by vapor-phase

chromatography.



SUMMARY

This investigation has disclosed a second example
of intramolecular cycloaddition of a cyclopropane
system to an olefin. The cycloaddition occurs
readily even though the conversion of 8,9-dicarbomethoxy-

2’4.03’21nona—8-ene (V) to

tetracyclo[ 4.3.0.0
3,7-dicarbomethoxypentacyclo[3.3.1.02’4.06’8.03’7]-

nonane (VI) results in an increase in strain.

Co,cH, CO,CH, CO,CH, CO,CH,
\'A Vi

The structure of the pentacyclic photoproduct
was deduced from mass spectral, infrared, and nuclear
magnetic resonance data, and the relative thermal
stability of VI.

The photoisomer, VI, i1s stable to heating to
368° but decomposes above that temperature. The

tetracyclic diester, V, 1s thermally stable at 200°

39
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but decomposes rapidly at 306°, 3680, and 412°,
The only recoverable material is unreacted V. No
trace of the photoproduct is found.

An intermolecular reaction between an olefin
and a cyclopropane ring d4id not occur when the
reactants were malelc anhydride/ norcarane or

cyclohexene/ 1,1,2,2-tetracarbomethoxycyclopropane.
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