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Abstract-UV-irradiation (A > 300 nm) of 3_dehydro-gibberellin A, methyl ester 1 in the crystalline 
state leads via [2 + 21 cycloaddition to two cyclobutane-type photodimers 2 and 6. Further irradiation 
of both compounds gives, with loss of carbon dioxide, the corresponding ring A aromatic dimers. 
Photolysis of 1 as a thin film causes intramolecular photodecarboxylation to give the monomeric 
phenol& ester 8. 

Several reports, especially the elegant investiga- 
tions of Schmidt et al ’ have shown that 
cyclobutane-type dimerization in some cases pro- 
ceeds efficiently in the crystalline state, and can be 
expected to arise by a lattice-controlled stereo- 
specific process.’ In this communication we report 
the crystal state photolysis of 3-dehydro-giiberellin 
A, methyl ester 1 representing a further example of 
topophotochemical dimerization which is in re- 
markable contrast to the solution photcchemistry’~’ 
as well as, to the crystal state photolysis, of the 
corresponding free enone acid of 1. 

UV-irradiation of crystalline methyl ester 1 in the 
n+ n* absorption region of the enone chromophore 
(A >3OOnm) yields a mixture of the four new 
photoproducts 2, 4, 6 and 7, besides some un- 
changed 1 and untractable polymeric material. 
Upon silica gel chromatography the pure com- 
pounds have been obtained in 39, 12~5.6 and 3.6% 
yield, respectively, based on starting material con- 
sumed. Slow formation of photoproduct 2 is also 
detectable upon exposure of crystalline 1 to diffuse 
daylight. Further irradiation of 2 and 6 in the crys- 
talline state or as a thin film converts both these 
photodimers, with loss of carbon dioxide, to 4 and 
7, whereas prolonged irradiation causes transfor- 
mation to polymers in all four cases. 

The structure of the main photodimer 2 was as- 
signed on the basis of the following evidence.6 The 
mass spectra (positive and negative ionization) 
show a peak of highest mass number at mle 672 
(M-44). indicating the dimeric nature of 2. On the 
other hand, elemental analysis give the composition 
of a normal dimerization product C&O12 indicat- 

*Part XIX: G. Adam, D. Voigt and K. Schretbcr, J. 
prakt. Chem., in press. 

ing that the above mentioned peak at m/e 672 can- 
not be the molecular ion peak but results from a 
dominating mass spectral fragmentation process in- 
volving elimination of carbon dioxide. Other promi- 
nent peaks in the cation mass spectrum appear at 
m/e 654 (M’-CO*-H*O), 640 (M’COKH~OH), 626 
(M+-COJZO-HzO), 612 (M--COz-CHCOOI-I), 594 
(M+-COrCH,COOH-HzO), 566 (M+-CO&ZOOH- 
HzO-CO) and 548 (M+-C0~-CH~COOH-2H~O-CO) 
following the typical fragmentation pattern of the 
corresponding gibberellin functional groups’ re- 
maining after photolysis. A further series of peaks 
with mle 340,330,314,299,286,272 and 254 corres- 
ponds to the mass spectrum of starting enone 1 
showing that cleavage to the monomeric compound 
takes place, similar to the mass spectral behaviour 
of some other photodimers.’ The IR spectrum 
(chloroform) of 2 exhibits absorption typical of ter- 
minal methylene (902, 1660 and 3080), a$- 
unsaturated ketone (1610 and 1702). methyl ester 
(1175), carbonyl (1735) as well as strong y-lactone 
(1785) and hydroxyl (3595 cm-‘). In comparison 
with the starting ketone 1 the UV spectrum of the 
photodimer 2, besides remaining enone absorption 
at 227 and 325 (E 6900 and 80, respectively) shows 
an additional maximum near 285 nm (E 230)9 attri- 
buted to the presence of a newly formed saturated 
carbonyl function. 

Acylation of 2 under conditions for esteritication 
of the tertiary lfhydroxyl group (8 days at 20”)” 
yields the monoacetyl derivative 3, whose cation 
and anion mass spectrum similar to 2 shows again 
not the molecular ion, but a peak at highest mass 
number at m/e 714 (758-@) in both cases resulting 
again from a preferred loss of carbon dioxide. In 
the IR, besides O-acetyl at 1263 cm-‘, a free hyd- 
roxyl group at 3598 cm-’ is indicated which must be 
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present in a highly steric hindered environment. 
The 100 MHz NMR spectrum of 3 is characterized 
by signals at StE’3 7.25 (d, 9.5 Hz, 1-H). 6.03 (d, 
9.5 Hz, 2-H), 509 and 4.98 (17-H& 3.76 and 3.71 
(singlets of 7- and 7’-methyl ester-H,), 2.01 (s, 13’- 
0-acetyl-H,), l-26 (s, 18-H,) and l-22 ppm (s, 
18’-H,). 

These data, coupled with elemental analysis, lead 
to the conclusion that the main photodimer must 
have a cyclobutane type constitution as indicated in 
formulae 2 arising from a [2 + 21 photocycloaddition 
of the excited A’enone double bond to the terminal 
methylene group of a second enone molecule, spa- 
tially favoured in the crystal lattice. 

Dimer 6, m.p. above 298” (dec), and [a]?+33*7’, 
displays in the mass spectrum the highest mass 
number at m/e 672 and nearly the same fragmenta- 
tion pattern as that of 2. Also in this case elemental 
analysis indicates C&O12. The IR and UV data 
reveal the same functional groups as 2 (especially 
an enone function) as well as a newly created satu- 
rated carbonyl (IR: vc&“l 1610 and 1706 cm”; UV: 
A, at 228,285 and 330 nm with l 6000,240 and 65, 
respectively). The NMR spectrum exhibits signals 
at Ss 7.25 (d. 10 Hz, 1-H). 6-00 (d, 10 Hz, 2-H), 
5.13 and 4.94 (17’-HZ), 3.72 and 368 (singlets of 7- 
and 7’-methyl-ester-H,), 1.27 and l-21 ppm (singlets 
of 18 and 18’-H,). This shows that compound 6 
belongs to the same cycloadduct type as 2 and dif- 
fers only in the cyclobutane environment. 

With regard to the more difficult problem of the 
structure and stereochemistry about the cyc- 
lobutane ring in the dimers 2 and 6, stereochemical 
considerations together with ORD results are use- 
ful. Supposing a cis-annelation” of the cyclobutane 
ring, [2+2] photocycloaddition of the A’ enone 
double bond to the terminal ethylenic linkage of a 
second molecule gives rise to four different struc- 
tural types a-d, and for each of them again two 
stereoisomeric possibilities differing in the o- or B- 
cyclobutane fusion at ring A’ are possible. From 
these eight cycloadducts five already could be 
eliminated because of drastic steric hindrance in 
such highly voluminous and rigid systems leading 
to unusual short atom distances. Applying the 
octant rule to the three remaining structural pos- 
sibilities as shown in Fig 2 the cyclobutane struc- 
ture and stereochemistry for 2 and 6 was assigned. 
The ORD curves of both cycloadducts should be 
the result of an additive overlapping of the corres- 
ponding enone Cotton effect, well known” for 1, 
and the increment of the newly created saturated 
3’carbonyl group in the other half of the dimer. As 
indicated in Fig 1 the positive Cotton effect in the 
280 nm carbonyl region of both photodimers is de- 
creased in comparison to the ground curve of 1 
(a = +41) which must be due to negative 3’- 
carbonyl Cotton effects for which the increments of 
the molecular amplitudes can be calculated with 
az-a,=22-41= -19 for dimer 2 and &-a,= 
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Fig 1. ORD curves of enone 1 and photodimers 2 and 6. 

6.8-41= -34 for the minor cycloadduct 6. Be- 
cause the carbonyl Cotton effect of 3-keto- 
gibberellins with a cis 1,Zannelated cyclobutane 
ring shows, even in the case of an cr-cyclobutane 
orientation, a positive value (a = + 81)” both the ob- 
served negative 3’-carbonyl increments rule out the 
structural alternative 9 for which one must expect a 
strong positive Cotton effect from the octant rule. 
On the other hand, the octant projection of the re- 
maining two structural possibilities 2 and 6 leads to 
the conclusion that the main photodimer with the 
larger positive amplitude a = +22 has structure 2 
and the minor dimer showing a- +6-8 has struc- 
ture 6. 

The structures of both secondary photoproducts 
4 and 7, obtained on further irradiation of 2 and 6, 
respectively, with UV>3OOnm in the crystalline 
state or as a thin film, were deduced from spectral 
data. From IR and UV. it follows that an enone 
chromophore is no longer present. Instead a newly 
formed aromatic system with two o-hydrogens is 
indicated in both cases (IR: v,, near 830,150O and 
1615cm-‘; UV: A,, 286 with l 1500 and 1800, re- 
spectively) which must result from a decarboxyla- 
tion involving the lactone bridge in ring A. This loss 
of carbon dioxide is also conl%med by the mass 
spectral behaviour of 4 and 7 with the peak at 
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Fig 2. Octant projections of the three possible cycloadducts from 1. 

a b 

highest mass number at m/e 672 representing, in 
contrast to 2 and 6, the molecular ion. 

The results demonstrate that further excitation of 
the remaining enone chromophore results in photo- 
aromatization of ring A, and confirm structures 4 
and 7. The process is analogous to the smooth mass 
spectral decarboxylation of 2 and 6 causing absence 
of the corresponding molecular ion peaks, and indi- 

cates another parallelism between photochemical 
and mass spectral fragmentation behaviour.16 

In contrast to the crystal state photodimerization, 
upon photolysis (A > 300 nm) of the enone ester 1 as 
a thin film intramolecular photodecarboxylation 
leading to the well known”’ monomeric phenolic 
ester 8 (isolated in 28% yield based on recovered 
starting material) becomes the preferred reaction, 
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%5 
1730 

830 (aromatic with two ortho-H), 905 (>C-_CH,), 
(COCKH,), 1500 and 1615 (aromatic), 1765 (C=C), 
(C-O), 1780 (r-lactone) and 3440 cm-’ (broad. OH). 

uv: A, 218.5, 234, 286nm (E 5000, 3900; 1800). MS 
(negative ionization, T. 150”): m/e 672 (Mm) 658,630,354. 
340, 314, 300, 282, 272, 254.+ 

Subsequent elution of the column with methylene 
chloride-ethyl acetate (3 : 7.2 : 8, 1: 9) and pure ethyl ace- 
tate yielded 63 mg amorphous intractable polymeric 
material. 

Solid state photolysis of dimer 2 
Crystalline photodimer 2 (50 mg) was irradiated through 

Pyrex for 12 hr in a slow argon stream as described be- 
fore. Evolution of carbon dioxide was observed by trap 
uin~ with Ba(OHII. TLC indicated comnlete disanoear- 
&& of 2 (R; O-ii) and formation of cbmpound 4 (RF 
0.35). Upon chromatography of the photolysis product on 
silica gel (15 g) and elution with methylene chlorideethyl 
acetate (6: 4) 19 mg (40%) 4 of m.p. 250-253” (dec) and 
[a]~+359 (c=O481) was obtained and shown to be 
identical in every respect with 4 produced upon direct 
photolysis of 1 as described. Further elution with increas- 
ing amounts of ethyl acetate yielded 23.6mg polymeric 
material. A similar result was obtained upon photolysis of 
2 as a thin iilm. Prolonged irradiation resulted in the disan- 
pearance also of 4- under formation of undefindd 
polymeric material. 

Solid state photolysis of dimer 6 
Photodimer 6 (2mg) was irradiated in the crystalline 

state or as a thin film through Pyrex as described above 
and the photoreaction controlled by TLC. After 1 hr start- 
ing 6 (RF 040) was no longer present and a new spot of 7 
(RF 0.33) appeared. Prolonged irradiation resulted in the 
formation of undefined polymers. 

Thin film photolysis of 3dehydrogibberellin A, methyles- 
ter 1 

Enone ester 1 (85 mg) was irradiated as a thin film in a 
100 ml Pyrex flask under rotation and argon for 36 hr as 
described in the crystalline state experiment. Evolving 
carbon dioxide was trapped by Ba(OHX. After this time 
TLC indicated, besides considerable amounts of 1, the 
phenol 8 (R, 0.45, brownish) as main product and only 
traces of the photodimers 2 (RF 0.5 1, greenish-yellow) and 
4 (0.35. brownish) could be detected. The collected photo- 
lysate of three such runs was chromatographed on 12g 
silica gel. Elution with pure methylene chloride gave first 
45mg starting enone 1 (RF 0.57). Further elution with 
methylene chloride yielded 49.5 mg (28%) monomeric 
phenol 8 (RF 0.45) as chromatographically pure amorph- 
ous solid, [(rlg+32-8” (c=O.435), m/e 314 (M’). which 
was shown to be identical in eve+ aspect with & authen- 
tic specimen of 8. Further elution with methylene 
chloride-ethyl acetate (9: 1) afforded 6 mg (3%) dimer 2 
(RF 0.51), m.p. 250” (mixed m.p. and IR). Further elution 
with methylene chloride-ethyl acetate (8:2) afforded 
2.5 mg (1.4%) phenolic dimer 4 (RF 0.35). m.p. 249-252” 
(mixed m.p. and IR). Elution with more polar solvents 
gave 112 mg intractable polymeric solid. 

*A satisfactory cation mass spectrum could not be ob- 
tained from this compound. 
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