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Natural enediyne antitumor antibiotics utilize two thermally
triggered biradical cyclizations to ultimately damage DNA by
hydrogen abstraction: the Bergnteand Myers-Saitc reaction.

In recent years, photochemical analoguzfghe Bergman cycliza-
tion* and alternative photochemically triggered enedhprecesses

triphenylamine, and carbonyl groups), and (iv) use a TIPS group
at the alkyne to raise the cyclization barrier and thus to avoid
thermal reactions during photolysts.

As programmed, enyreallenesl underwent thermal cyclization
only at elevated temperatures (D8@sults: 13, Tonset= 152 °C;

have attracted numerous research activities due to their potentiallb, Topset= 135 °C; 1, Tonset= 143 °C; 1d, Tonset= 151 °C; 1e,

applicability for photodynamic therapy (PD¥)n contrast, pho-
tochemical analogues of the MyerSaito or the €-C8 cyclization
of enyne-allenes have remainedtarra incognita

To design photochemically ignitable enynallenes, we resorted
to the recently described photochemical reactions of enfjieéero-
allenes’ that is, enyne-carbodiimides and enyréketenimines, for

Tonset~ 190 °C [affected by polymerization]). In line with other
enyne-allened®@ < carrying bulky group®d at the alkyne terminus,
the thermal cyclization ofla—e furnished only €—C°¢ products
(i.e., 2a—e) by a stepwise ene process. Formal DieMdder
productd® were not formed except for trace amounts3ofrom
1b. Loss of the TIPS group i may be due to desilylation of the

some meaningful clues. These cyclizations occur very effectively highly strained3' in the chromatographic process.

along the €—C8, but interestingly not along the2€C” (Myers—
Saito) path. Theoretical studies by Endelgplained the preference
for the G—C?® route and suggested, as did our experimental results,

that the process is initiated by triplet sensitization. Moreover, for a

photochemical enyneallene cyclization to be successful, the study

recommended to avoid benzannulated derivatives due to their high

excitation energy.Herein, we wish to illustrate that photochemical
C2—C7 and CG—CS cyclizations of enyneallenes can be ignited
when specially designed systems are used.

Scheme 1. Thermal and Photochemical Myers—Saito (C2—C7)
and C2—C¢ Cyclizations of Enyne—Allenes

7 3
Q g cclia s N ckcta R
O ) known 5 | X }/:R } known o,
RZ =—— SR ———— R
® c2Clhy 4~ ! C2.C/ hy O &
R unknown 3 unknown R!

Scheme 2. Model Compounds la—e
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Enyne-allenesla—e (Scheme 2) were composed along the input
requirements: (i) avoid benzannulation, (ii) use cycloalkenes to
prevent cis-trans isomerization, (iii) attach internal triplet sensitizer
units as in enyneheteroallen€sat position R (e.g., naphthalene,
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TIPS TIPS

n=2: 2a (67%), 2b (70%),
2c (68%), 2d (42%)
n=1: 2e (15%)

3' (X=TIPS) n-Bu

All efforts to photocyclizela in hexane or toluene were met
with failure, most likely due to the low triplet energ¥y) of
bromonaphthaleneEg = 59 kcal mot?),'2 suggesting to go to
stronger internal triplet sensitizers. Indeed, irradiatiodl{R’
biphenyl; Er = 65.0 kcal mof?)!2 in toluene at 300 nm in the
presence of 1,4-cyclohexadiene led to photocyclization (Table 1)
revealing both the €-C® product3 (12%) and the MyersSaito
product4 (24%). Their structures were confirmed using NMR
techniques and also by spectral comparisofwith independently
synthesized6. 4 and 6 showed a characteristic triplet for the
benzhydrylic hydrogen at-3.8 ppm £J ~ 7.5 Hz). Notably,
calculation8 predicted parallel formation of both MyerSaito and
C2—C5 products via triplet excitation of simple enynallenes,
although with a preference for2€C8 products.

TIPS
hv /7 3.80ppm

—N . 3(12%) *+
b Soonm > (12%)
H 4(24%) biph
FZ
—~
| 4 n-BuLi, 4-bromobiphenyl H 3.84ppm
ZnCl, (1 M), Pd(PPh3),
0] 2
e 60 °C to RT, 16 h biph
5 o) 6
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Table 1. Yields of Photochemical Myers—Saito (C2—C7)and C2—C§
Cyclization Products (1,4-CHD: 1,4-cyclohexadiene) at 17 + 2 °C

compound solvent Amax/nm C2?-C? products c-C7
(conc) (irradiation time) (in hexane) (vield) products (yield)
la toluene+ 1,4-CHD* 283, 300
(1.78 mM) (6 h)
1b toluene+ 1,4-CHD* 290, 300 (sh) 3 4
(2.96 mM) (7 h) (12%}y (24%y
1c toluene+ 1,4-CHD* 320 2c(15%)+
(2.36 mM) (6 h) 7 (15%y
1d 2:1 hexane/1,4-CHD 277, 290 (sh) 2d
(5.28 mM) (14 h) (32%y
2:1 hexane/1,4-CHD 277, 290 (sh) 2d
(5 28 mM) (4 h) (61%y
toluene+ 290 equiv 282, 296 2e
(7 29 mM) of 1, 4-CHD (22 h) 7%y

a100-fold amount of 1,4-CHD compared 10" Isolated yield based on
1b. ¢Isolated yieldd Isolated yield based obd: 75:25 mixture of2d and
a geometrical isomef.Yield based orld after 4 h (18% conversion).

In contrast to that ofLb, the photochemical reaction dic—d
provided only C—C? products. Irradiation ofcat 300 nm furnished
a 1:1 mixture of2c and 7. The latter is again a formal Diets
Alder product that lost a TIPS grodp.Irradiation of 1d under
analogous conditions affordétl in 32% yield after isolation as a
mixture of cis-trans isomers. Due to the photolability &4, the
reaction was studied at low conversion (18%). N@d,was the
sole isolable product in 61% yield. Due to ring strain efféétwe
had originally expected that photolysis of cyclopenteryakene
lecould be directed toward the MyerSaito pathway, but again
a C—CS8 product (i.e.,2e) was furnished (Table 1).

pBrCeH4\ C
- H4Br
hv, 1,4-CHD N=PLers

toluene, 300 nm

2¢ (15%) +

hv, 1,4-CHD
toluene, 300 nm

A laser flash photolysis (LFP) study dfc (excitation at 355
nm) revealed the existence of two transients. The first dpgE
440 and 505 nm) with a decay rate constant (3+ 1) x 10" s*
(r ~ 30 ns) was quenched B®, at a diffusion-controlled rate. Its
absorption maximum at 505 nm is actually typical for a triplet state
of triphenylamine derivative. Hence, we assigned this transient
to 31c". The second transientf.x = 470 nm) exhibited a lifetime
7 =33+ 5us withk = (3.0 + 0.4) x 10* s'L. Stern-Volmer
guenching of the long-lived transient B, indicated thaflc is
a precursor. Since the long-lived transient itself did not react with
30,, NBuzSnH, and by 1,4-cyclohexadiene, we assigned it to the
singlet biradical. Due to a high barrier (ca. 16 kcal mipF® it
should exist as two noninterconverting rotamed®§4d9), whose
ratio is reflected in the product ratio2c. After the decay of the

1d d (61%)

long-lived transient, a residual broad absorption band remained that

coincided largely with that o2c.

It is interesting to see that the products of the photocyclization
of cyclohexenyneallenesla—d are related to the triplet energies
of the substituents 'RHence, with a triplet energy of about 59
kcal moll, as in 1a, no photocyclization occurred, whereas
cyclization was seen witlib containing a biphenylEr = 65.0
kcal mol1),12 remarkably, mostly toward the MyerSaito pathway.
With even higher triplet energie€f: triphenylamine, 70 kcal
mol~1; ketone, 80 kcal mof)12 of groups R, the photocyclization
exclusively furnished &-C8 products.

To summarize, we have realized the first photochemical Myers
Saito and &-C¢ cyclizations of enyneallenes. The presence of a

N(pCgH4Br)2

1c
l hv "
M ——=
Amax N(pCgH4Br),
440, 505 nm 8 A= 470 nm

\ N(pCgHy4Br)2 \

triplet sensitizing unit at the allene terminus and the LFP results
suggest that the cyclization proceeds along the triplet manifold as
predicted by DFT calculatiorsAn intermediate withe = 334+ 5
us was tentatively assigned to a singlet biradical. Further studies
to elucidate the details of the photochemical initiation for eryne
allenes and other Cope-tyi§ecyclizations are underway.
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