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Abstract-Photocycloadditions of dimethyl Mehydrogibberellenate 1 to ethylene, 1, ldichloroethylene and trich- 
lorocthylene were investigated. The results exhibited markedly the competition betweerl photodimerization and 
photocycloaddition of 1, and showed that the yields of cycloaddition products increased with increasing polarity of 
the olefins. Strangely, photocycloaddition of 1 to olefins was found to proceed through the singlet excited state. 

While photocycloaddition of ~1, B-unsaturated ketones 
(enones) to olefins has been extensively investigated, 
little is known about such reaction with Q, p, ‘y, 6- 
unsaturated ketones (dienones),lA except for steroidal 
systems. A thorough search of the literature revealed no 
information on this reaction with a, #?, y, S-unsaturated 
giiberellin ketones. 

In a previous communication we presented that pho- 
tolysis of 2.7 x lo-’ M solution of dimethyl 3dehy- 
drogibberellenate I, as a heteroannular dienone, in I- 
butanol at A > 300 nm for 3 hr gave three photodimers 
designated as A, B and C in 65, 12 and 7% yields, 
respectively.’ 

In this communication, we should like to present our 
results on the competition between photodimerization 
and photocycloaddition of 1 to ethylene, 1, ldichloro- 
ethylene and trichloroethylene. 

Irradiation of f in the presence df an excess of ethy- 
lene in methylene chloride gave three photoproducts, as 
indicated by tic, which were separated by column 
chromatography on silica gel. The first photoproduct was 
eluted by benzeneether (9:l) in 6% yield, and was 
identified as a cyclobutane adduct 2 (Scheme 1) on the 
basis of physical measurements. Its IR spectrum indicated 
the presence of unconjugated CO band at 16%cm-‘, 
only R jr* absorption band was shown in the UV 
spectrum and mass spectrum gave a molecular ion peak 
at m/e 400 (M’). The &I& Z&stereochemistry was 
assigned on the basis of ORD measurements coupled 
with model construction and stability towards alumina. 
The ORD spectrum of 2 showed a weak positive Cotton 
effect with a molecular amplitude of +26 in agreement 
with the octant rule application. 

The second and third photoproducts were separated in 
66 and 8% yield, respectively. These two photoproducts 
were also identified on the basis of physical measure- 
ments (UV, IR, NMR and MS data), as the previously 
reported photodimers A and B, respectively. 

Irradiation of 1 in the presence of excess 1, Idichloro- 

ethylene in methylene chloride gave large amount of a 
polymeric material derived from the okfin, together 
with the formation of one major and one minor photo- 
products as indicated by tic. The products were 
separated by column chromatography on silica gel. The 
major photoproduct (95%) was identified as a cyclo- 
butane adduct 3 by the following facts: the presence in 
the IR spectrum of the band at 1693 cm-‘, typical for 
unconjugated CO group; only n + r* absorption band 
was found in the UV spectrum, a parent molecular ion 
peak at m/e 468 (M’) was shown by mass spectrum; and 
absence of olefinic protons in ring A as NhfR spectrum 
showed. The &-I p, 2@stereochemistry was assigned 
on the basis of ORD measurements coupled with model 
construction and stability towards alumina. The ORD 
spectrum of 3 showed a positive Cotton effect with a 
molecular amplitude of t56, in agreement with the octant 
rule application. The observed molecular amplitude (a = 
+56), which is larger than that of ethylene adduct 2 
(a = + 26) may result from the replacement of the small 
H atom by the larger Cl atom, 

The minor photoproduct (5%) was identified as a 
cyclobutane adduct 4. The cis-la, Za-stereochemistry 
was assigned on the basis of ORD measurements, model 
construction and stability towards alumina. The ORD 
spectrum of 4 showed a weak negative Cotton effect with 
a molecular amplitude of -29, in agreement with octant 
rule application. 

Irradiation of 1 in the presence of excess trichloro- 
ethylene in methylene chloride gave, as in the case of 
ethylene, three photoproducts as indicated by tic. These 
three photoproducts were clearly separated by column 
chromatography on silica gel. A product of 43% yield of 
presumbly one rather unstable photocycloadduct 
assumed to have structure 5, whicll was then im- 
mediately transformed to the stable highly conjugated 
compound 7, was firstly eiuted. Compound 7 was 
identified on the basis of physical measurements. Thus, 
UV spectrum showed an intense absorption band at 342 
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(c = 13240); IR spectrum showed bands for conj~t~ 
CO group at 1686cnY’ and conj~t~ C=C at 
16EOcm-“; mass spectrum gave a. peak of highest mass 
num~r at m/e 466, i~i~~~ the el~i~a~~n of HCI 
from the assumed adduct 5; and finally NhfR spectrum 
gave signals at 7.8 (s) and 6.75 (s) ppm for olefinic 
protons of 7 which were surely d~erent from those of 
olefinic protons of the starting material which appeared 
as doublets at 7.5 and 6.05 ppm. 

The presence of Cl atom at &position to the CO group 
possibly facilitates the elimination of HC16 giving a 
highly strained cycfobutene de~vative 6 which would 
undergo further ~nsfor~ation leading to the highly 
conju~ted compound 7 {Scheme 2). 

The second and third photoproducts were separated in 
45 and 5% yields, respectively, and were identified on the 
basis of pbysi~ m~s~ements (IJV, IR, NMR and MS 
data) as the previously reported photodimers A and B, 
res~ctively. 

Ethylene was found to be the least reactive olefin 
studied in tbe present work, and it was found that only 
one pbotoadduct was formed in 6% yield, together with 
the formation of the previously reported phot~imers A 
and B in 66 and 8% yields, respectively. However, the 
dienone added nearly quantitatively to tbe 1, ldi- 
cbloroetbylene giving two photo-cycloadducts in 95 and 

IThe Odin of 1 to diencs will bc d&&d in 8 fo~~rn~~ 
commufik&~. 

5% yields. On the other band, the reactivity of trich- 
lor~tbyine occupied an ~te~ed~te position between 
ethylene and I, Idic~or~~y~ene, giving one highly 
uns~ble phot~yclo~duct in 43% yield together with 
photodimers A and B in 45 and 5% yields, respectively. 

The pbotocycloaddition reaction seems to be sensitive 
to the degree of polarity of the etbylenic double bond 
caused by the presence of strongly polarizing sub 
stituents. Tbus, the results presented in Table 1 showed 
tbat the yield of cycle-addition products increased with 
incising polarity of oiefins, while the yield of 
dime~tion decreased with increasing polarity of the 
olefins. The results e~ibit~ markedly the com~tition 
between phot~ime~~tion and p~t~yclo~dition 
reaction of L 

The most interesting aspects of the photocycloaddition 
of the dienone 1 to olefins is the stereochemic~ 
specificity, giving only one phot~ycloadduct, with the 
exception of a minor pr~uct (5%) of the adduct 4 in 
case of 1, ldichloroethylene system. Irradiation of 1 in 
the presence of bu~ieue gave a rapid r~ction with the 
diene to generate, in about equal yields, two adducts of 
[2 + 2]~yc~obu~n~ type.? Tbe stereo~s~c~city of ad- 
dition, coupled with the addition of I to the diene in- 
dicated that the dienone 1 reacts exclusively from its 
singlet state.’ The pbotocycloaddition proceeding from 
the singlet state is very rare, since phot~ycloaddi~n 
reactions are generally triplet state reactions.’ Photodii 
mention of 1, on the other hand, was found to proceed 
tbrongb triplet state,8 
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Table 1. Photodimerization and photocycloaddition of dimethyl 3dehydrogiirelkuate 1 to ethykne, I, I- 
dichtorocthykne and trichbroethykne 

Olefin Mpole 

monlcnt (*I 

(“1 Yields were baaed on the atartlrlg material 

Yields* of photodimerisation and 
photoadditlon products 56 

Dlmer B Mmer C 

+I 

traoe 

0 

trace 

(a) See ref. 99 

(b) See ref. 5. 

-Al. 

UV Spectra were run in MeOH and IR spectra were taken in 
nujoL Varian Associate Ado was used to record NMR spectra. 
Ail spectra were run in CD&OCI& soln, HMDS as an internal 
sta&rd. Ekctroaat!a.chment mass spectrograph of the 
Research Institute Manfred Von Ardenne. Dresden was used to 
record MS spectra. ORD curves were run in McOH on a JASCO 
ORDlUV-5 spectrometer. Tic silii gel G(Merck) developed with 
benzene-AcOH 70~30; detection with 85% H2S0,, heating for 
15 mins at 120’. Column chromatography: silica gel Walm for 
pa&on chromatography. 

Invldiotion pxwdun. An external 5ooW high-pressure mcr- 
cury arc lamp THU 500 (VEB Thelta Electra-apparatc Zclla- 
MchIis) was used as the source of W light. All irradiations were 
run in pyrex Bask, under argon, or, if a gaseous olefin was used 
the olefin served to exclude oxygen. All irradiations were fol- 
lowed by UC, and were run until the disappearance of starting 
material was essentially complete. 

Photocycloaddition of dimrthyl 3-dehydrogibbereknate (1) to 
cthyhnr A soln of 250 mg of 1 lo in 75 ml CH&& was irradiated 
for 4hr while a slow stream of ethylene was passed through tbe 
soln. After this time the tic showed, besides some starting 1, 
three new spots. The residue, after evaporation of the solvent 
under reduced pressure, was adsorbed on celite (H)[)mg) with 
acetone and chromatographed on 12.5gm of silica gel. Elution 
(5 ml fractions) with benzene&her 9~1 aiTorded I5 mg (6% yield 
based on recovered starting material) photo-cycloadduct 2, as a 
morphous substance. UV: A,(s) 214 (4&Q, 240 (2900) and 

315um (265). IR: v,, 910 ()C=CH,). 1170 (COOCH3, 1695 

(unconj. m), 1730 (COOCH,) and 35OOcm-’ (OH). ORD (C = 
1.2130): MJIJ = + 198, [M], = 0 and [Ml= = - 2440. 

Further elution with benzene-ether 8:2 gave 20 mg starting 
diinone 1. 

Purther elution with benzemxther 6:4 gave 165mg (66% 
yield) of photoproduct had the same physical properties (M.p.. 
W, IR, NMR and MS data) of the previously reported pho- 
todimer A. 

Further elution with ben.zellGetber 4:6 yielded 2Omg (8% 
yield) of photoproduct had the same physical properties (M.p., 
UV. IR and MS data) of the previously reported photodimer B. 

Photocycloaddifion of 1 to 1, I-dichlorocthykene. A soln of 
250 mg of 1 and 1, l-dichloroetbylene (IO ml) in 75 ml CH&& was 
irradiated for I hr. The mixture was filtered to remove polymeric 
materials and the reaction flask was cleaned. More 1. Idi- 
chloroethykne (5 ml) was added and irradiation was continued. 
After a total irradiation pcrti of 3hr, tic showed that the 

starting material had been consumed and one major and one 
minor photo-products were formed. The soln then filtered off to 
remove the polymeric materials and the solvent was evaporated 
under reduced pressure. The residue was then adsorbed on celite 
(500 mg) with acetone and chromatograpw on 12.5 gm silica gel. 
Elu!ion with benzene-ether 9JO.5 gave 12.5 mg (5% yield) pho- 
tocycloadduct 4 as amorphous substance. UV: A, (0 215 

(4500), 242 (3120) and 305 nm (88). IR: v, 895 (>=CHJ, 1175 

(COQCHJ, 1657 (C=C), 1693 (unconj. GO), 1730 (COOCHJ), 

3075 ()C=CHd and 3510 cm-’ (OH). ORD (C = 1.6167): [Ml,,, = 

t4053, [Mlm = 0 and [Mh = - 810. 

Further elution with benzene-ether 9.5:0.5 gave 237mg (95% 
yield) photocycloadduct 3 as amorphous substance. UV: A,, (e) 

216 (4980). 240 (3230) and 305 (72). m v, 900 (>C=CHJ, I170 

(COOCH1), 1660 (GC), 1690 (unconj. GO), 1725 and 1735 

(COOCH,), 3080 l>C=CHJ, and 3495cm-’ (OH). @MHz- 

NMR: Sm-& 1.15 (s, 18XHJ. 3.23 (q. 9.7 Hz, 6 -H). 3.50 (d, 
5.4Hz, S-H), 3.65 and 3.68 (s. 7- and 19-metbyksters-H1) and 
4.90 and 5.15 ppm (17-H3. MS (positive ionization, T, = 75°C): 
m/c 468 (M’), 432, 409, 372, 357, 340 and 322. MS (negative 
ionization, T, = 60°C): m/t 468 (M-), 432,409,3% and 374. ORD 
(C = 1.1300): [Mills= +2816, [Mb, = 0 and [Mlm = - 2816. 

Photocycloaddition of 1 to trichlorocthylene. A soln of 250 mg 
of 1 and trichloroethylenc (IO ml) in 75 ml CHICll was irradiated 
for 2 hr. After this time, tic showed that the starting material had 
&en consumed and three uew products were formed. The resi- 
due, after evaporation of the solvent under reduced pressure, 
was adsorbed on celite (mmg) with acetone and chromato- 
graphed on 12.5 gm silica get. Elution with benzene gave 10s mg 
(43% yield) of presumbly one rather unstable pbotocycloadduct 
assumed 10 have structure 5, which was immediately transformed 
to the stable highly conjugated compound 6. UV: A,(c) 211 

(IoooO), 257 (Ssoo) and 342 nm (13240). IR: v,, 910 ()C=CHJ, 

1175 (COOCH1), 1650 (s. C=C, streching), 1680 (s, conj. GO), 

1735 (CDOCH,), 3080 ()C=CHd and 3500cm-’ (OH). @MHz- 

NMR: 8c;f;EeDI 1.20 (s, 18-CHI), 3.58 and 3.70 (s, 7. and 19- 
metbylcster-H,), 5.00 and 5.24 (17-H& 6.78 (s, 1-H) and 7.75 ppm 
(s. 8-H). MS (positive ionization, T, = 75”): m/e 466 (M+-HCI), 
431,407, and 371. 

Furiber elution with knzemther 6:4 gave I12 mg (45% 
yield) of photoproduct, again, had the same physical properties 



(m.p.. UV, IR, NMR and MS data) of the previously reported 
photodimer A. 

Furtha elution with bcnzcnc4hcr 415 gave 125 mg (5% yield) 
of photoproduct had the same physical properties (m.p., UV, IR 
and MS da&} of the prrvioluly reported pan 8. 
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