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Abstract: The photochemistry of title compound 2 and its hydrogen halide salts was investigated in solution
and in the solid state. In the solid state the halide ions were shown to cause a heavy atom effect that was not
observed in solution. The orientation of the halide ions towards the chromophore was determined on the basis

of the corresponding structures in the solid state as determined by X-ray crystallography. © 1999 Elsevier Science L.td.
All rights reserved.

INTRODUCTION

solution' and provide penetrating insights into the geometric requirements and the steric course of well-established

ey 2 . 3 . -

photoreactions such as [2+2]-photocycloaddition,” the Norrish Type II reaction” and the Type B reaction of
4

sensitization or quenching. In solution photochemistry, the sensitizer or quencher is simply added to the reaction
mixture, whereas in the solid state, these experiments require a co-crystallization of the two components, which is
observed only infrequently.s We were able to overcome this obstacle by introducing the concept of the "ionic
auxiliary" in solid state photochemistry.6 In this approach, the chromophore under investigation is linked to a
sensitizer or a metal ion by simple salt formation, and irradiation of these salts in the solid state showed that
sensitization and heavy atom effects’ could be achieved that were unique to this medium.6

To extend this methodology to other heavy atoms, we became interested in halide salts as a means of promoting
= th

triplet energy processes in the solid state, i.e., to investigate whether halide ions could serve as heavy atoms during
. roal - PR TR [ U U, s R FRU Sy S, Ve Lis cnceaon aiilactiticdad el q b
irradiation of their corresponding salis wiith chromophores. In this respect, subsiiiuied eihenoanthracenes

% since their photochemistry is multiplicity-dependent. Upon direct

(dibenzobarrelenes) are ideal chromophores,
irradiation, these compounds react from the first excited singlet state to give dibenzocyclooctatetraenes, whereas
triplet sensitization leads to the formation of dibenzosemibullvalenes via the di-n-methane rearrangement.® In the
present paper we describe the synthesis of an amino-substituted ethenoanthracene, namely 11,12-bis(diethyl-
aminomethyl)-9,10-dihydro-9,10-ethenoanthracene (2), the preparation of its hydrogen halide salts and the

investigation of the photochemistry of these materials in the solid state and solution.
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Scheme 1. Synthesis of diamine 2

Synthesis. Ethenoanthracene 2 was synthesized from the known 11,12-bis(bromomethyl)ethenoanthracene 1°
and diethylamine (Scheme 1).!° The bis(hydrochloride) 2-(HCl); and the bis(hydrobromide) 2-(HBr); were
synthesized by the reaction of ethenoanthracene 2 with gaseous HCl and HBr, respectively, and the
bis(hydroiodide) 2-(HI)3 was obtained from salt 2:(HCI), by ion exchange chromatography. Diamine 2 and its bis-

hydrohalide salts were identified by spectroscopic analyses and by X-ray crystallography. In order to determine
whether complexed metal ions could act as heavy atoms, the zinc complex 2-Zn was synthesized from the reaction
. u
between Zn(Cl04)2(H20)6 and 2
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Solution Photolyses. Direct irradiation of diamine 2 in n-pentane or benzene through quartz glass gave the

Ca

vield by acidification of the reaction mixture followed by column chromatography of the quarternary ammonium
salts and subsequent treatment with base. Attempts to obtain the triplet dibenzosemibullvalene photoproduct 4

from irradiation of diamine 2 in the presence of sensitizer ketones such as acetone, benzophenone, acetophenone, p-
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Pii€NONe, Xanuici- 9-one and thioxanthen-9-one were not successful. In each Case, a comp}ex
mixture was formed from which the dibenzosemibullvalene 4 could not be isolated. Instead, when compound 2
was photolyzed in the presence of benzophenone, benzopinacol could be isolated from a complex reaction
mixture.'? However, when the bis-hydrochloride salt of dibenzobarrelene 2 was irradiated through Pyrex glass (A >
290 nm) in methanol/acetone (1:1), dibenzosemibullvalene 4 was isolated in 61% yield after basic workup and
column chromatography (Scheme 2).
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Scheme 2. Photolysis of diamine 2: 3a: R=NEty; 3b: R=H

When dibenzobarrelenes 2-(HCI)z and 2-(HBr); were photolyzed in methanol through a Vycor filter,' followed
by basic workup, cyclooctatetraecne 3b was detected by analytical gas chromatography as the main product along
with diamines 3a and 4 and other unidentified byproducts. Moreover, cyclooctatetraene 3a was isolated by column
chromatography in 17% yield from the photoreaction mixture of dibenzobarrelene 2-(HCl),. Irradiation of salt
2-(HT)> in methanol resulted in the formation of cyclooctatetracnes 3a and 3b in 35% and 23% yield, respectively.

and semibullvalene 4 was not detected. The photolysis of the zinc complex of diamine 2 in methanol through
uart7 glage lad to the farmation of cvelanetatatrasne a in nearlv auantitative vield ac wae datermined hy aacg

uartz glass i1eg o the iormation of cyciooctatetraene 2a in nearly quantifative yield as was actermined oy gas
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Y p
/clooctatetraenes 3a and 3b and dibenzosemibullvalene 4 are based mainly on the mass spectrometric and 'H and
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13C NMR spectroscopic data of isolated pure samples.

Solid State Photolyses. We next investigated the solid state photoreactivity of ethenoanthracene 2, and
strikingly, we observed that this chromophore is photoinert in the solid state. However, the salts of compound 2 do
react in the solid state. Hydrochloride 2-(HCl); was irradiated through quartz for 5 h (17% conversion) and after

basic workup, semibullvalene 4 was identified as the sole product. The same product was identified in the

state photolysis f hydrobromide 2-(HBr)2. The hydroiodide 2-(HI)2 yielded semibullvalene 4, too, in the course
tion (2 )

£ 4ln b atncanation (VA0/ ~Anmvarainm 700/ Af camailanllyvyalama AY lant rvalanntatateaama 2h twac alen ad i '710/
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yield as indicated by gas chromatography. The zinc complex 2-Zn was photolyzed in lid state to give 3b as

the main product with semibullvalene 4 as a byproduct. The solid state photolysis resuits are summarized in Table
1.
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Table 1.
Compound Medium Conversion 3a(%)2 | 3b(%0)3 | 4(%)2
(%)
2 n-pentane (quartz) 100 89 11 -
2 methanol (quartz) 100 75 25 —
2 solid (quartz) no reaction - - —
2-HCH methanol/acetone 100 - - >59
(1:1) (pyrex)
2-HCl methanol (vycor) 100 6 28 <]
2-HCl solid (quartz) 17 - — >99
2-HBr methanol (vycor) 78 4 34 3
2-HBr solid (quartz) 13 — — >99
2-Hi methanol (vycor) 31 35 23 -
2-HI solid (quartz) 24 — 21 79
2-Zn methanol (vycor) 30 >99 - -
2-Zn solid (quartz) 26 — 85 15
a product ratios were determined by analytical gas chromatography by comparison with authentic samples
Yields were calculated relative to the corresponding conversion. Remaining components are unidentified by-

DISCUSSION

Whereas cyclooctatetracne 3a is the expected singlet state photoproduct of compound 2, the formation of
photoproduct 3b presumably results from a competing photo-induced cleavage of the C-N-bond of one

dxethylammomethyl group giving a stabilized allylic radical, which further abstracts a ydrogen atom from the

c 0

solvent.'"* This assumption is in agreement with the observatio etraene 3b increases
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€
starting material or during the course of cyclooctatetraene
formation.

The failed attempts to sensitize the photoreaction with ketones seems to be the result of a photo-induced
electron transfer between the amine and the ketones giving rise to the reduction of the carbonyl group,' i.e
benzopinacol formation, and this reaction competes with the di-t-methane rearrangement to such a degree that
formation of semibullvalene 4 becomes negligible. Solution phase irradiation of the salts of diamine 2 showed an
inverse situation. Whereas direct irradiation of the salts resulted in the formation of a manifold of inseparable

products, the sensitized reaction proceeded in a very clean manner. The photo-induced redox reaction was not



H. lhmels et al. / Tetrahedron 55 (1999) 2171-2182 2175
observed, presumably because protonation of the amino groups prevents electron transfer to the ketone. The fact

that cyclooctatetraene 3b is a major product in the direct irradiation leads us to conciude that the photo-induced
cleavage of C—N-bonds is even more important in ammonium salts than in amines. Such fragmentations of
ammonium salts are known,® however this field of chemistry still needs to be investigated more systematically.

A particularly interesting observation in the course of our investigations was the photoinertness of diamine 2 in
the solid state. This is in sharp contrast to the closely related primary diamine 8, which cyclizes upon solid state
irradiation to give the "pyrroloanthracene” 6 (Scheme 3).'” Furthermore, almost all dibenzobarrelene
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Scheme 3

derivatives that have been studied exhibit photoreactivity in the solid state. 8.'% To rationalize this observation, we
2

carried out an X-ray crystal structure analysis of compound 2 (Figure 1).'” Suitable crystals were obtained by
crystallization from acetone. In the solid state, both diethylaminomethyl substituents, which are oriented towards
the same aromatic ring of the anthracene moiety, have very close contacts with their environment (Figure 1). The

3

restricted freedom of movement of compound 2 is evidenced by the crystal density, which is 2.91 x 10-3 mol/cm~
compared to 2.02 x 10-3 mol/cm=3, 2.57 x 10-3 mol/cm=3 and 2.46 x 103 mol/cm=3 for the closely related
dibenzobarrelenes 2-(HCl)3, 2:(HBr); and 2-(HI)3,19 respectively, which are photoactive in the solid state. Direct
irradiation of diamine 2 is thought to cause an initial [2+2]-photocycloaddition, so that both carbons C-11 and C-12
have to move close to the aromatic ring in the first reaction step. The "anchored" substituents at the vinyl group
apparcntly prevent this movement, because they are locked within the lattice environment.

to the relatively small atomic number of zinc; however, in the solid state there is a small heavy atom effect from the

Falaghy -~ nd

zinc atom. Such an effect from the perchiorate can be exciuded, since independent siudies hav
20

¢ shown that the
bis(hydroperchiorate) salt of 2 does not give any tripiet photoproduct in the solid state.™ There is almost no tripiet
state photoproduct formed upon irradiation of the hydrohalide salts of diamine 2 in solution, which can be
explained by the formation of separated ion pairs in the polar solvent. Apparently, an external heavy atom cffect is
no longer effective through the distances between anion and cation. This observation is in good agreement with

1

solution photolysis results from ionic chromophores with sensitizers or alkali metal counterions.”' In this respect,

solid state photolysis is superior to solution reactivity, because in the crystal the heavy atom and the chromophore
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Figure 1. Structure of diamine 2 in the solid state (diethylamino groups are shaded)

To investigate the geometric relationship between the heavy atom and the chromophore further, we determined
the crystal structures of these salts.!® The overall results are summarized in Table 2. Although the benzo rings of

e relevant for he
tunction is the more important locus of initial excitation in triplet energy transfer in the solid state photoreaction of
ethenoanthracenes.?!12 Therefore, the distance d between the halide ion and the center of mass of the vinyl group is
taken as the relative measure for the studies reported herein. Some evidence for this assumption is provided by the
observation that the sensitized photoreaction of benzobarrelenes gives mainly products resulting from vinyl-vinyl
bridging in the di-r-methane rearrangement.”> We further define the angles o and P to characterize the orientation
of the halide ion to the vinyl chromophore (Figure 2). For this purpose we use the center of mass, Y, of the C11-
(C12-bond as the reference point. Thus, a is defined as the angle between the halide ion X, Y and C11, and B is the

torsion an
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Figure 2. Definition of distance d and the angles o and B; X = Cl—, Br-and I~

Table 2. Geometric parameters d, o and P derived from the X-ray analysis.

d{A] | C-X[AR | [ B[]

2-(HCl)a: CK1) 4.63 3.51 85 159
Ci(2) 4.93 28.5 58

2-(HBr),: Br(1) 4.89 3.66 91 168
Br(2) 4.79 26 87

2-(HI),: I(1) 5.00 3.90 89 167
I(2) 4.96 28 86.5

2 C--X = Sum of the van der Waals radius for carbon and the ionic radius of the halide X.23

It ran ha caon fram tha recnlte that thara ic na ciognificant diffarance in tha acanmeatrie ralatinnchin hatuweoen tha
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o = 90° and B = 160° and one halide ion with o = 28° and § = 80°, respectively. The B parameter, however,

deviates slightly in 2-(HCl);. With an increasing ionic radius of the halide ion, the distance d between the halide
ion and the vinyl chromophore increases to nearly the same extent that the ionic radius of the halide ion increases,
so that the d parameters are also relatively comparable. In each case, this distance d is significantly longer than the
sum of the van der Waals radius of the carbon atom and the ionic radius of the respective halide ion. In the casc of
the hydrochloride and hydrobromide salts of diamine 2, the triplet state photoproduct is formed exlusively, and we
therefore conclude that a distance of ca. 4.80A provides an effect strong enough to totally suppress the singlet state

reater separation of 4.95A betw
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tween hea avy atom and

183 ailn @il
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photoreaction
chromophore in 2-(HI)2 apparently decreases the heavy atom effect, and a considerable amount of singlet state
photoproduct is formed upon irradiation in the solid state. Since the difference between this distance and the one
found for the bromide salt 2-(FIBr); is smalier than the difference between the ionic radii of 1odide and bromide
( 0.22A),33 and iodide as the heavier element is assumed to cause a more effective heavy atom effect,’ it is not clear
from the geometric parameters why photolysis of 2-(HI); also yields singlet state photoproducts in the solid state.
From these observations it may be tentatively concluded that it is not the relative distance of the heavy atom to the
chromophore, i.e. the d/C---X ratio, but the absolute distance that governs the efficacy of the heavy atom effect.

However, more experimental results are necessary to verify (or disprove) this hypothesis. Interestingly, in the solid

state photoreaction of B,y-unsatutrated ketones, even shorter distances between cationic heavy atoms and the
Alramanhare give miviirae af einglat and trinlat ctate nhatanradnete in the enlid otate 21b which confirme roeent
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to the oxa-di-n-methane rearrangement.* In summary, it seems that there is not yet enough data available for a
eliable correlation of the efficiency of the heavy atom effect with solid state structure, and studies in this field
represent exploratory work, so far. However, we have demonstrated that compared to photolysis in solution, halide
ions serve as efficient heavy atoms in the solid state photochemistry of amine-substituted dibenzobarrelenes, and by
investigating the geometric parameters in these systems, more data for the discussion of this effect is provided.
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EXPERIMENTAL

'H NMR  spectra were recorded on a Bruker AC 200 (200 MHz) instrument, and 13C NMR spectra were
recorded on Bruker AC 200 (50.3 MHz) or Varian XL-300 (75.4 MHz) spectrometers. Cq, CH, CH; and CH3 were

determined using the APT pulse sequence. !H NMR chemical shifts refer to d1ps = 0.0. 13C NMR chemical
shifts refer to solvent signals (CDCl3: 6 = 77.0, DMSO-dg: & = 39.5, CD30D: 8 = 49.0). IR spectra were recorded

on a Perkin Elmer 1710 FT infrared spectrometer. UV spectra were recorded on a Perkin Elmer Lambda-4B

UV/VIS spectrometer. Mass spectra were recorded on a

SPC . IVIAD ]9 4 welic 1 2L : X LS IV BI iR B PR 1w § LN

Elemental analyses were performed by Mr. P. Borda at the University of British Columbia, Department of
temperature.

11,12-Bis(diethylaminomethyl)-9, 10-dihydro-9, 1 0-ethenoanthracene (2): A solution of 6.301 g (15 mmol) of
dibromide 1% was refluxed in 50 mL of diethylamine for 12 h. After removal of the solvent, the crude reaction
mixture was dissolved in diethyl ether and washed with 0.1 M KOH and water. After separation of the organic
layer, the solvent was evaporated and the remaining brown solid was redissolved in »-hexane and passed throug:h

._‘
=
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.

aluminium oxide (neutral) to give 4.491 g (12 mmol, 80%) of 2 as a 1H NMR spectroscopically pure white

For further purification, compound 2 was recrystallized from dichloromethane/n-hexane, mp 70-71°C. UV
(CH30H): Apax (log €) =272 nm (3.59), 280 (3.37). 'H NMR (CDCl3) 8 0.95 (t, 3J =7 Hz, 12 H, CH3), 2.25 (q,
3J=7Hz, 8 H,NCHp), 3.11 (s, 4 H, CHN), 5.26 (s, 2 H, 9-H, 10-H), 6.92, 7.27 (AA'BB"-system, 8 H, ar-H). 13C
NM MHz, CD H Hp), 51.9 (CHp), 53.4 (C-9, C-10), 122.5 (ar-CH), 124.1 (ar- C")

5
0 eV) 0): 374 [M*] (1), 301 [M* — HNEtp] (55), 178 [C14Hg*] (28]
[Ltwcmﬂ (100) Anal. calcd for C26I134N2 (374.57) C: 83.37, H: 9.15, N: 7.48; found C: 83.14, H: 929, N-
7.44.

11,12-Bis(diethylaminomethyl)-9, 1 0-dihydro-9, 1 0-ethenoanthracene-bis(hydrochloride) (2-(HCl);) and /1,12-
Bis(diethylaminomethyl)-9, 1 0-dihydro-9, 1 0-ethenoanthracene-bis(hydrobromide) (2-(HBr)): Gaseous
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sodium halide, was bubbled through a solution of diamine Z in diethyl ether and a white solid precipitated
immediately. The solid was collected on a sintered glass funnel and washed twice with diethyl ether to give 'H
NMR spectroscopically pure salts 2-(HCl); and 2-(HBr)y, respectively, as white hygroscopic solids. 2-(HCl)z: mp
155-160 °C. IR (KBr): v;~ = 2658 cm~! (br, NH*). UV (CH30H): Amax (log €) = 270 nm (3.37), 278 (3.51). H
NMR (DMSO-dg) 8 1.28 (t, 3J =7 Hz, 12 H, CH3), 2.90 (m, 8 H, NCH»), 4.18 (br d, 3J = 6 Hz, 4 H, CHN), 6.24
(s, 2 H, 9-H, 10-H), 7.09, 7.56 (AABB'-System, 8 H, ar-H), 11.30 (br s, 2 H, NH). 13C NMR (50.3 MHz, DMSO-
dg) & 8.4 (CH3), 46.4 (CHp), 50.4 (CHp), 51.9 (C-9, C-10), 123.4 (ar-CH), 124.9 (ar-CH), 144.6 (Cg), 144.8 (Cy).
MS (FAB(+), thioglycerol), m/z (%): 375 [M* + H] (100). 2- (HBr)g mp 162-165 °C. IR (KBr): v;” = 2695 cm-!
(br, NH"). UV (CH30H): Apax (log €) =270 nm (3 32), 278 (3.44). 'H NMR (DMSO-dg) 6 1.28 (t,3J=7 Hz, 12
{ra Q O

T OHLY 2 00
1, Wil3), J v

e

o TIN

System, 8 H, ar-H), 9.88 {br s, 2 H, NH).
under MeOD), 52.8 (CHp), 54.3 (

thioglycerol), m/z (%): 375 [M* +
found C: 58.01, H: 6.74, N: 5.14.

S gnal hidden

)

(C-9, C~10), 124.7 (ar-CH), 126.7 (ar-CH), 145.2 (Cq), 1446.7 (Cq). MS (FAB(+),
H] (30). Anal. caled for CogH36N2Bry (536.39) C: 58.22, H: 6.76, N: 5.22;

\_a

11,12-Bis(diethylaminomethyl)-9, 10-dihydro-9, 1 0-ethenoanthracene-bis(hydroiodide) 2-(HI)3): A column fitted

with ion exchange resin (Malinckrodt, Amberlite IRA-410 C.P.) was eluted with a saturated solution of Nal in
water several times. After the resin was washed with methanol, 400 mg (0.89 mmol) of 2-(HCl); was slo ywly passed
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methanol gave 450 mg (0.71 mmol, 80%) of 2
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2-(H
air, mp 228-232 °C (dec.). IR (KBr): v;” = 2657 ¢ (br, NH"). UV (CH30H): Amax (log €) = 270 nm (3.22),
278 (3.36). 'H NMR (DMSO-dg) 8 1.25 (t, 3J=7 Hz, 12 H, CHj), 3.02 (m, 8 H, NCH>), 4.28 (d, 3/ =5 Hz, 4 H,
CHaN), 5.74 (s, 2 H, 9-H, 10-H), 7.13, 7.53 (AA'BB'-System, 8 H, ar-H), 9.88 (br s, 2 H, NH). 13C NMR (50.3
MHz, CD30D) § 8.7 (CHjz), 46.7 (CHy), 49.9 (CHy), 51.7 (C-9, C-10), 123.4 (ar-CH), 125.1 (ar-CH), 144.1 (Cy),
144.6 (Cq). MS (FAB(+), thioglycerol), m/z (%0): 375 [M* + H] (30). Anal. calcd for CogH3gN2I2 (630.39) C:

49.54, H: 5.76, N: 4.44; found C: 49.72, H: 5.82, N: 4.31.

1
) as white crystals that turn yellow upon extended exposure to
1

IR ofAdiothvlaminnmothyuli_0 7{)=/]1Im;/lvn= ’n=afplannnwfhvnr-ona=71nr Adinovehlavato (:Tn)- A calitis

14,4 2=InS(QCLIyLGlTiirtONC iy e =7, LU=yl U=7, 1 U=ColsCrilriirit GLCTIC=asril(L1jUsyCr CTanOrN e " Zakk j. 13 DUIULIUILL U
LA ma (N 14 mmaly af diamine 2 and 84 mao (D 14 mmaly af ZnfCIO DNAH-M - in 25 mT of methanal ware ¢tirrad
S5 ME (v. 15 L0 UL Wallliie & Al JF 1 (V. 0T HUNvE) U ZA0C IV T1237 J 1 40 e UL dIbuianiUs wioio sulicu

for 12 h. The solvent was removed in vacuo and the remaining residue was redissolved in 4-5 mL of hot methanol.
The insoluble precipitate was filtered off hot and crystallization at 4 °C gave 61 mg (0.09 mmol, 64%) of 2-Zn as
a white solid. mp 273-282 °C (dec.). UV (CH30H): Amax (log €) = 271 nm (3.40), 279 (3.58). 'H NMR (DMSO-
dg) 8 1.10 (br t, 12 H, CHj3), 2.65 (br q, 8 H, NCH3), 3.73 (br s, CH3N), 5.44 (br s, 2 H, 9-H, 10-H), 7.07, 7.44
(AA'BB'-System, 8 H, ar-H). 13C NMR (50.3 MHz, CD30D) 3 9.8 (CH3), 45.4 (CHy), 51.9 (CHy), 53.8 (C-9, C-
10), 123.0 (ar-CH), 124.7 (ar-CH), 145.0 (Cy), 145.4 (Cg). MS (EL 70 eV), m/z (%): 375 [M* — Zn(ClO4)2 + H]
(55). (FAB(+), thioglycerol), m/z (%): 375 [M* — Zn(ClO4); + H] (30). Anal. caled for Cy6H34CI2N203Zn
(710.91) C: 48.88, H: 5.36, N: 4.38; found C: 48.82, H: 5.47, N: 4.24.
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small amounts of an insoluble solid precipitated. The solution was filtered, and after removal of the solvent, the
remaining oil was redissolved in diethyl ether. Gaseous hydrochloric acid was bubbled through the solution and the
resulting solid was collected on a filter plate. The solid was dissolved in acetone/methanol. Column
chromatography (SiO,, acetone/methanol 4:1) yielded the hydrochloride salt of 3a, which was treated with 0.1 M
KOH. The resulting suspension was extracted twice with 40 mL of diethyl ether and the combined organic layers
were dried with MgSQOy. Evaporation of the solvent in vacuo yielded 30 mg (0.08 mmol, 11%) of 3a as a green oil.
'H NMR (CDCl3) & 1.03 (t, 3J= 7 Hz, 12 H, CH3), 2.62 (q, 3J = 7 Hz, 8 H, NCHp), 3.36 (ABX3-system, 2J = 15
Hz, 4/=2 Hz, 4 H, CH3N), 6.81 (brs, 2 H, 6-H, 11-H), 6.98-7.26 (m, 8 H, ar-H). 13C NMR (50.3 MHz, CDCl;) &
11.9 r( HB) 465!{(‘1—%\ 607((“?%\ I?EO(PTJ\ 126 .4 127.6 (CH), 1283 (CH), 1’)04(1':; H) 1382 (C )’
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3-(Diethylaminomethyl)-12-methyldibenzo[ae Jcyclooctene (3b): A solution of 102 mg (0.23 mmol) of salt
2-(HCl); in 40 mL of methanol was irradiated through a Vycor filter with stirring for 4 h. The solvent was removed
in vacuo and the remaining oil was dissolved in water. The solution was treated with 0.1 M KOH solution and the
water layer was extracted twice with diethyl ether. The organic layer was separated and dried with MgSQOy4 and the
solvent was evaporated. After column chromatography (SiO2, methanol/ethylacetate 1:1), 13 mg (0.04 mmol, 17%)

of 3b was obtained as a goloﬂ@cq oil that decomposes after several weeks upon exposure to air. 'HNMR (CDCls)
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8 1.01 (t, 3J = 7 Hz, 6 H, CH3), 2.19 (d, 47 =2 Hz, 3 H, CH3), 2.52, 2.66 (ABX3-system, 2/ = 13 Hz, 3J = 6 Hz, 4
T NOLTAY 217 2 8AADVA cvatam 2T=1A e 47271 AT OAUNN £40N7The 4 47921, 11T 11 I\ £ 9<
r, NUri13j, 3.5z, 3.04 {ADA2-8YS€i, v 19 0Z, " = 2 1Z, 4 11, CII2IN), 00U \OI' Q, "v = 2 1Z, 1 1, 11-11), 6.75
s 1 1 41 yF__ N TITY 1 T & TTYN S NND ~ N s O TT . TTIN ]Qf‘\Y\I“ /mIE A NATT FMTNY M A 11 - aaln Y ~Ns N s 1
(ord,"J=4Hz 1 H, >-11), 0.Y8—/.28 (M, & H, ar-11). *7 U NMK (/2.4 MHz, CDUI3) 0 11.0 (LH3), £20.U (Vinyl-

CHs), 46.5 (CHy), 60.9 (CHp), 126.0 (CH), 126.2 (CH), 126.5 (CH), 126.7 (CH), 127.2 (CH), 127.3 (2 x CH),
128.1 (CH), 128.3 (CH), 128.4 (CH), Cq could not be detected. MS (EL 70 eV), m/z (%): 303 [M*] (3), 288 [M~ —
CHj3] (5), 86 [CH2NEt,] (100). HRMS: calcd. for CopHpsNy (M*) 303.1987, found 303.1983.

rac-4b,8b,8c,8d-Tetrahydro-8b,8d-bis(diethylaminomethyl)dibenzo[a f]cyclopropafcd]pentalene)  (4). A

solution of 74 mg (0.13 mmol) of salt 2-(HCl); in 4 mL of acetone/methanol (2:1) was irradiated for 13 h through a
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with 0.1 M KOH after extraction with diethyl ether, the organic layer was dried with MgSQ4. Column
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oil. 1TT NMR (CDCl3) 6 0.92 (1, 3J = 7 Hz, 6 H, CH3), 1.11(t, 3/ =7 Hz, 6 ri, L‘H3), 244 (q,°J =7 nz, 4 H,

NCH>CHs), 2.59, 2.66 (ABX3-system, 2/ = 13 Hz, 3J=7 Hz, 2 H, NCH,CH 3.30 (AB-system, 2/ = 13 Hz,
2 H, vinyl-CH>N), 2.79, 2.85 (ABX3-system, 2J = 13 Hz, 3/ =7 Hz, 2 H, NCH2), 2.78, 2.89 (AB-system, 2J— 13
Hz, 2 H, CH,N), 2.98 (s, 1 H, 8c-H), 4.54 (s, 1 H, 4b-H), 6.97-7.20 (m, 7 H, ar-H), 7.81-7.85 (m, 1 H, ar-H). - 13C
NMR (75.4 MHz, CDCl3) & 11.2 (CH3), 11.8 (CH3), 46.2 (2 CHyp), 47.6 (C-8d), 48.2 (C-8¢), 51.9 (CHa), 55.3



(CHy). 57.2 (C-4b), 63.6 (C-8b), 120.7 (ar-CH), 121.4 (ar-CH), 124.6 (ar-CH), 126.0 (2 ar-CH), 126.0 (ar-CH),
126.1 (2 ar-CH), 138.6 (ar-Cg), 140.7 (ar-Cg), 149.9 (ar-Cq), 150.8 (ar-Cq). MS (EL 70 €V), m/z (%): 374 [M"]

( ). 301 [M* — HNEty] (31), 288 [M' — CHoNEty] (26), 86 [CHaNEt*] (100). HRMS: caled. for CogH34No (M*)
374.2722, found 374.2723.

Photolysis of the Salts of Diamine 2 in Solution and in the Solid State: Degassed solutions of the salts in
methanol (10~1 — 10~2 M) were irradiated at room temperature. The reaction mixtures were treated with 0.1 M

KOH and after extraction with diethyl ether, the products were identified by analytical gas chromatography by
comparison with authentic samples. Solid state photolyses were carried out by crushing crystals of the sample

between quartz glass slides, which were sealed in a nitrogen-flushed polyethylene bag. The reaction products were
removed from the quartz surface with water. The work-up procedure was similar to that of the solution photolyses.
The resuits are summarized in Table 1. The reaction mixture resulting from irradiation of the zinc complex 2-Zn
was acidified to give the corresponding quarternary amines which were further treated with 0.1 M KOH, extracted
with diethyl ether and analyzed by gas chromatography.
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