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E- and Z-2,4-dimethyl-2,4-hexadiene (E- and Z-43). Tr.ipmn%:_i)pmsphi-ne
(11g, 0.042 mol) and ethyl branide (6g, 0.047 mol), weve Albeiloed {n dry
benzere {25.zL) In-a 50mL round-bottaned flask eguipped with an efficient

: condeniser and mxgnetic stirrer. The mixture was reflued for 24h,

, filtered, ard dr'iedrin vacuo to affopd a white solid that was

it

id}en\\*'fjed as ethyd triphenylphospbonium bromide on the basis of its “H-

NMR spectrum (11.2g, 0.029 mol, yield 69%).
IHM {90MHz): § = 7.77 (s broad, 15H), 3.83 (m, 2H), 1.41 (dt, 3H).
Sodium hydride {O.BQ, 0.033mol} amd dry dimethylsulfoxide (10 mL,
distilléd from bariy__oxide) were placed in a 100mL, two-necked, round-
bottomed flask eguipped wi'th a reflux condenser, magnetic stirrer, gas

E

inlet, and addition furmel. The mixture was heated urder a nitrogen

‘atmospher@ at 85C until gas evolution ceased (ca. 45min} ard then cooled

¢ .
to room temperature. Ethyltriphenylphosphonium bromide (9g, 0.023 mol}
= Cd

was dissolved. in warm DMSO (30 ml) ard adled dropwise over 20min. The
LS
orange-coloured reaction mixture was stirred for 1h at room terperature

argd neat mesityl oxide (2.3g, 0.024 mol) was added dropwise over 20min.,

'

affording a nilky white mixture which was stirred overnight at room temp-

erature. Th# resulting mixture was filtered through Celite, poured into

water {50 mL), a&nd extracted with pentane (5 x 25mL). The extracts were

washed with DMSQ/water (1:1 ratio), water {50 ml), saturated brine {50
mL}, amnt dried over arhydrous sodium sulfate. The filtered extracts were

i

slowly distilled to remove ti]e solvent. Bulb-to-bulb distillation {ca.
~ ’ 3

0.2mm Hg) of the residue afforded a mixture Sf*E- and Z43 isonmers as

clear, colourless liquids. ~Dienes E~ and Z—43 (0.47g, 0.0043mol, yield

18%) vﬁe isolated as a mixture by semi-prepirative vpc on column f.

\\ '



by 2h1
Separation and further purification under the same conditions (injector
temp. = 120C, detector temp. = 16dC) afforded each isamer in >99%

arity. i}
o

E-43: 'H MR (500MHz) in CDC13: § = 5.61 (br s, 1H), 5.29 {q, J =
6.9 Hz, 1H), 1.74 (s, 3H), 1.73 (s, 3H), 1.69 (s, 3H) 1.65 (d, J =

6.9 Hz, 3H): . ,

IR (neat: cm—l): 3020(s}, 2967(s}, 2922(s), 2862(s), 1656{(w),
1445(s),-1374(m), 1182{w), 16,52(w), 857(s), T72{w), 51l1(w}: {
MS: M/e(I) = 110 {386), 95/1160), B1 {17}, 77 (13), 67 {64), 55
(59}, 53 {32), 41 {53y, Fo (50}, 27 (34{. |

Exact mass: Calculated for C8H14, 110.1116: found 170.1088;
UV (cycloheyane): )\rfm = 232nm { £= 10,700).

— S

Z—43: 1H MR (500MHz) in CDC13: 5 = 5.54 (br s, 1¥), 5.26 (g, J <

s

6.8 Yz, 1H), 1.76 (s, 3H), 1.70 (br s, 3H), 1.56 !s, Bm, 1.48 (q,

I = 6.8 Hz, 3H); -
) < /TR {neat, an ). 3020(s), 2966(s), 2922(s), 2863(s), 2661(w), .
'1625(w), 1446(s), @ses{ﬁ),.lzostw), 1185(w), 1035(m}, 824{m),
e 783{m), 554{w);
MS: M/e(I) = 110 (57}, 95 (100), 81 {20}, 77 {21}, 67 (61), 55
(43), 53 (23), 41 (35), 39 (32), 27 (19):
Exact mass: Calculated for CBH14, 110.1116; found 110.1087;
UV (cyclohexane): Ao = 217m ( €= 6800). B

g

E-2,3dimethyl-2,4-hexadiene (E-44). Propyne (ca.S5mL, 0.083 mole) was
cordensed into a dry ice/acetone trap and trarsférred into 70mL anhydrous
ether in a 250mL two-necked, round-bottomed flask equipped with magnetic

stirrer, dry ice condenser, thermometer ard gas inlet at -76C.

n-Butyllithium (36nL of a 2M hevane solution) was added dropwise with

stirring under an argon athosphere, at a rate slow enough to ensure that
. ‘ kb‘

the temperature of the reaction mixture did not rise above -50C. The

- g

»
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reactio; miyxture was stirred at —'IBUC f;r l1h, and then 3-methyl-2-
butanone {6qg, 0.0'Hm.o(') was added dropwise with stirring. The reaction
mixture was allowed to warm to roan temperature and then stirred for
several hours. The mixture was then poured into a saturated agueous
ammonium chloride solution (30 mL) and extracted Jwith ether {3 x 25mL).
The extracts were washed with water (10-ml), saturated brine (10 ml) -and
finally dried over arm'}cirous sodium sulphate. The filtered extracts were
distilled to remove the solvent and then bulb-to-bulb distilled u1;1de.r

vacuum {ca. 0.2mm Hy} to yield a cleaft, colourless liquid {5g, C.04mol,

56%) identified as 4,5-dimethylhex-2-yn-4~ol on the basis of its 'H NVR,

IR and mass spectra. G

IR (cm '): 3440(s broad;, 2970(s), 2920(s), 2880(sy, 2250(w),

1460(m;, 1445(m}), 1365(s);
MS: M/e{I} = 126(1), 125(1}, 111(34),. 9'3)9), 91(8), B4{45)},
83(100), B1(24}), 77(12}, 69(19), 67(27), 65(14), S55(21}, 53(18).

g MR (90MHz): § = 1.8 (m, €H), 1.35 (s, 3H), o?dd.em;

The alkynol (2.7g, 0.021 mol}, Lindlar catalyst {(0.08g) and anhydrous,
ether (25 nL} were placec into a 100rL two—necked, rounél—bottaned £lask
equipped with magnetic s'tirrer:énd hydrogenated at 1 atm for 7h. The
reaction mixture was filtered through Celite and the solvent was
distilled to afford a clear, colourless l.{quid that was identified as Z-
4.5-dimethylhax-2—en—4—olb {2.3g, 0.0185mol, yield 87%) on the tasis of

its lﬂ NMR spectrum.

18 R (9D MHz): §= 5.45 (m, 2H), 1.86 (4, 3H), 1.75 (m, 1H),
1.30 (s, BH)}, 0.90 (&, 6H).
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Ih,  The tlok waes then coolidd to rmoan temperature and the contents weroe
poured into gther {16 ml) . The solution was washed with saturated
acuizous bicarbonate (3 x 25mbL), water (20 mbL), dried over anhydrous
sodium sultate, amd tiltered. The solution was slowly distilled to
;'emove the solvent ard then bulb-to-bulb distilled under vacuum (0.2mm{~ '
Hg) to yjel_d a clear, colourless liguid., Vpce amalysis of tJhe 1i¢uid
(column é) Showed it to contain one major product, which was isolated by
semd-preparative vpe {(column f, injector temp. = 12¢E, detector temp. =
170k, oven temp. = 90L). Diene E-44 was obtained in >99% purity by
further vpc par'if.i"é:ation on colum f (0.63g, 70% yield fram the alkenol}).
The dienes exhibited spectral features similar to those previcusly
4

reported. 10

E-44: lﬂm 1500 MHz): 6= 6.38 (d, J = 15.8Hz, 1H), 5.47 (dq, J
= 154, &.8 HZ, QH), 1.77 lm. BH}, 1. (s, OHj, 1.69 Is, 3H);

IR {(neat, Cm_l): BBﬁO{s), 2919(s), 2862{s), 1446(m}, 1375(m},
1142(w), 1051{w}, 1005(w), 956(s), 781{w):MS: M/e(I] = 110 (58),
-95 (100), 81 (13}, 77 (10}, 67 (49.); 55 (34), 53 {16), 41 (37), 39
(28}, 27 (14);

&

Exact mass: Calculated for CSHM' 110.1116: found 110.1087;
W (cyclohexane): )\max = 241mm (&= 21,250). J? \

o

Z-2,3-dimethyl-2,4-hexadiene (Z-44). was synthesized by photolysis
deox{éena‘ced pentane (30mL) solution of‘E—ﬂ {0.4g, 0.0036401) in a
Rayonet reactor fit;ed with ten 254nm lamps. Irraiiatic'm of the 0.12M
solution for 55 vielded a mixture pf E-44 and Z-44 along with one other

minor producf. The pentane was rem by slow distillation and the

concentrated photolysate was: bulb-to-ulb distilled under vemuum {ca.
¥

L

C.2mm H3). Diene Z-44 was separated‘clea}ﬂy from the other compounds _t?y

semi-prepacrative vpo using colum (o) and finally obtained in >99% pur'ity

i
i



after turther vpe paritication with the same column.  The diene exhibited

0]
spectral teatures similar to those previously r«-:por"ceci.1 4

Z-44: IHM'R {500MHz } - &= 5.80 ({br d, J = 11.1Hz, 1H), 5.35 (dq,
J = 11.1, 6.9H2, 1H), 1.69 (=5, 3H), 1.67 (s, 3H)}, 1.%8 (s, 3H),’
1.52@ (&d, J = 11.8, 6.9Hz, 3H);
IR {néat, cmil): 3004 (s), 2920(s), 2863(s), 1444(m}, 1405(w),
1372(m), 1156(w), 1124(w), 930(m), 735(m), 713(m):
MS: M/e(I}) = 110 {75), 95 (100), B1 {14), 77 (11), 67 (55}, 565
(38), 53 (20), 41 (40), 39 (28}, 27 {16);
Bxact mass: Calculated for CBH14' 110.1116; found 110.1090;
UV (cyclohexane) : hmax = 223rmm (&= 9,500).
E.E- and E,Z-ethylidenecyclohexene (E,E- and 2,2—11_).81 Vinylcyclohexane
Y
{10g, 0.0%3 mol} and potassium t-butoxide (5.6g, 0.050 mol) were added to
y 4 dry dimethylsulfoxide {30 mL, dist}iled fran barium oxide) in a 100mL

two-necked, round-bottaned flask equipped with a reflux condenser,

gnetic stirrer, gas inled tube and thermameter.
stirred for 20h at 8573 under a dry nitrogen ::'trmsphere, then poured into
water (50 mL) and extracted with ether (3 x 50mL). The extracts were
washed with water (2 x 50mL), dried over magnesium sulfate, and filtered.
The solvent was evaporated on the rotary evaporator and the remaining
clear, colourless Iiquid was distilled under a N2 atmosphere to rid the
mixture of low boili_pg{ impurities. The remaining material gave a canplex
1}! NMR spectrw:nn;"a'pi:- arélysis of the l_iquid (colﬁm a} revealed the
presence of two ma_;;or products (ca. '40;60 ratio}). The 1H NMR spectrum was
consistent with the previously reportéd spectrum of the two unseparated

81 '

isamers.

1H, MR (90 MHz): 1.6 (d) amd 1.75-2.45 (m) (9H combined), 5.2 {(q,
M), 5.53-5.95 (m, 1H), 6.07 (d, 1H}, 6.47 (4, 1H}.

S



The doublets at 6.07 and 6.47ppm were tentatively assigned to the
resonances of the proton at C2 on the .ring for E,Z- and Z,Z-31
resﬁéctively. The isamers were separated by semi-preparative vpc using
columns f and g (injector temp. = 12(?(3, detector ténp‘i = 1;70‘)(:. oven

temp. = 80C) and obtained In >30% iscmeric parity.

5.5 Soluticn UV Absorption Studies | -

All spectra were recorded in deaxygenated {(bubbling Ar, 230(3}
cyclohexane (Burdick & Jackson) solution using Suprasil optical cells
{0.1 cm path length) at room temperature. The spectra were corrected for
solvent absorption in each case by placing an optically matched cell

containing the sclvent in the reference bean.

5.6 Fhotolysis of Cyclobutenes s

Photochemical eriments ér:i:loyed a 10W Osram HNS 10W/U 0Z low
pressure mercury lamp (185 + 254nm), a 16W Philips 93106E Zn.re'sonarx:e
lamp (214mm), or the pulses (193nm, ca. 10ms, ‘20-100mJ, 0.5 - 1 Hz
repetition rate) from a Lumonics TE-861M excimer laser filled with an
argon/fluorine/hel ium mixtuz_'e; The low pressure meréury ard zinc
resanance lamps were given a 20 min warmup period béfore each experiment
and cooled wi‘lch a stream of/ﬁitrogen. The low pressure mercury ard zinc
resonance lamps were surrcurxieg by a metal case mich.incoz%rated al"
port to contain the sample cell (and in the case of the low pressure
mercury lamp, a filter). The filter j-{:xasigted of a 25 x 3mm LIF disc

(Harshaw VUV grade) which had beern irradiated with ca. 1.7 Mrad of

irradiation from a 6000 scurce. The trarsmittance spectrnim of the filter ..

\\J
pred
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wis monitored closely curing photolysis experiments as the transmittance
at .254nm tends to increase slowly after prblonged exposure\to-the light
fran a low pressure mercury lamp. A freshly premred filter typically
has an optical density of ca. 0.5 at 185mm and ca. 5 at '254nm. ‘

All irradiations at roam terriperature were carried out in 0.01- *
0.05M solutions of the cyclobutene in either pentane, cyclohexane, or a%\c
2,2,4—trimet£ydpentane. Solutions were c?eoxygenated before use by
tubbling dry niltrogen or argon through cooled (ca. OC) solutions for 15 i
min. In all runs, the sanmple was agitated during photolysis with a small
magnetic stirrer.

Photolyses were carried out at ambient temperature (ca. 23C) in
10 x 25mm cylindrical Supracil quaréz UV cells (Hellma). Preparative
photolyses were carried out in rectangular cells {10 mL volume)
con§trL_1cted from 10 ® 20mm rectangular Suprasil quartz tubing (Vitro
Dynamics) at ca. 23 using the 193nm output of the excimer laser.

Photolyses were generally carried to 1-3% conversion with aliquots
being withdrawn at suitable time intervals for vpc arralysis. Relative
roduct yilelas were determined frc‘x:ﬁ the slopes of concentration versus
time plots constructed for'all camponents of the mixture relative to ai
intermal standard. Relative detector responses were ca‘librgted 'for all
identified products using a few standard solutions made wp from authentic

; &

-
n

sarples. All concerftratio /vses-.l{time plots were linear.



,/A 5.7 Low TEmperature‘Phptolyses
Photolynes at 77K were carried out in degasoed {bubb]inq Ar, 15
min} 2-methylbutare/cyclopentane: (4:1 ratio) solutions contained in
Suprasil quartz cwvett®: (0.3 x<p.7 cr) in a Suprasil quartz dewar.
Liqu;‘r] ritrogen was used as the coolant. The 0.02M cfclobutene solutions
were irridiated using the pulses of the argon fluorigde excimer lasc::?
1193rm. The relative yields of products were determined by vipce f:'om_

single-point determiratiaons after 3-5% conversion. The results reprecent

the grerage of two or three experiments, each of which was analyzed at

o

v

least twice.
(J

5.8 Irradiation of Dienes

The photostationary states for direct c:js.t:‘ans‘pl'otoisonferizat"ion
of 29, 31, 43, and 44 were determired at 254nm using 1-4 RPR 254 nm lamps
in a Srinivasan-Griffin Photochemical Reactor (Rayonet). model RPR 100.
The irfadiations wewe carried out in pentare (0.02-0.05M in diene)
solutionsg contained in 7mm quartz' tubes ard were previously deo:wgenated.
(bubbli N2 or Ar, OC). The Rayonet reactor was used in conjunction
with a merry—gc:;-rcmnd apparatus in order *to irradiate all samples equally
am similtareously. The fommat‘i‘_on of products was monitored by
analvtical vpe amd recorded as concentration vs. time plots in order to
determine the photostaticnary state (_in the case of dienes'd._é and 44) or
~alative quanitun yields for isarerization {as determined in the lcase of
dieneé 29 and 31). The photostationary states we:'e"a;:proached from both

directions. *
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b
5.9 Quantum Yield Deteqpinations at 185/m

Quantum yvields were determined using the cis -> tram-cyclooctene

168,19 : . N iy

actineometer at 185mn, ard In the case of 2 and 3, also at 193rm.
v

The quantarn yvields of prodicts were determined after calculating the

: L]
light flux fraria concentration vs. time plot for}the formation of trans-

o ;

eyclonctene fran the cis-isaner. Photolyses were condicted concurrently

.

with the substrate of interest, using approximately matched cells and

&

alternately irradiating the substrate and actinmmeter solutions sfor
- =
] &

identical, short periods of time. The actinameter solutions were S

. constantly agitated during the'i;radiation periods by a small magnetic

e

-

Stirrer. Generally the concentration of the actinanmeter was made

identical to that of the substrate and was considered optically dense

{optical density »>2.0 abs.units}. The progress of c¢is -> trans isamer-

#9 ;
ization of cyclooctene was monitored by analytical vpc using column d \)
. - . \/\
{injector temp. = 100C, oven temp. = 80C, detector temp. = 200%). The
rf

response of the flame @onization detector was calibrated for trans-
] .

cyclooctene using cis-cyclooctene which has a retention time on the.

celurm quite close to(the trars-isorer. A value of 0.32 + 0.02 was

employed for the actinmetric quantum yield.79 2

L

o

2T
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APPENDIX A

and s-trans ct-3g and cyclopropylcarbinyl diradicaloid intermediates.

-

2 C D

B
Calculation of the partitioning constants for the decay of c-, t-1, s—cis

tt (s-cls}

ct (s-trans}

(s-trans)}

{s-cls}

(s-cis)

(s-trans)

{s-cis)

-

{s-trans)

k

%"

e
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4
(2) from direct photolysis of c-1:

Calculations:

Calculation of partitioning cmtaz&
(1) the results of the direct diene photo¥s

results of the direct photolsamerization of ¢- and t-1.

(1) framn direct diene photois

anerization:
/ e
c/ A \
\D
$er —spe = 0-18=Ca C = 0.18/a
Ot rcc = 0-29 = (1-0) @ C = (d-0.29)/d
13
0.18 d
a=
d o] 0&29
R
}

160

s for A ard D using:
omerization amd (2) the

—
[
—

.

N

(3)

3.5

™
% H _—_QA -
c’—i ct 6
\ i (t
> {1+ » D g
cc I -
A a &
——=3.5 (4)
d {1 - A) y
3.5d .
— a= (6)
o ! 110.5 4 - 1)
A (1 -a) + (1-a) (1-4) S .

= 6.0 (5)————'——'
d (1-A) |

~

A
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3

Equatlons (3) and (6) are canbined:

a= = . (7)

-solving for 4 in turn leads to the solutions for a, A, and C:

. e !
& | , d = 0.52
‘ a=0.41
A = 0.82
C=0.44

-

“frem the Idirec,t photocl?enistry diene 22:

E

. ® @ , b tt

¢tt - ct = 0.37 tt-ﬁ —_— /

1-b = 0,37 \ '
b = 0.63 - ct

’

\

cc

¢cc R S =

c = 0.41 cec-22 ——¢

0.63 B B ' ce

0.59 (1 -B)
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APPENDIX B

21,

Ultraviolet Absarption Spectra of Cyclobutenes 1 - 6, 20, and
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tion Specgrum of LiF crystal (3 mm thickneos) after

Cc‘{ (1.7 Mrad).

Ultraviolet
exposure to
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