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Ahtrad-Tbc pbotochcmi6try of 3 - mccbyl .3 - (I’ - arpblbyl) - I- buten vu invat&cd. I)ncct imdihon kd 

lo I.1 - dimethy .2 _ (1’ - ~~~~~Y~ u 8 p&nary ph4toproduct aad 2 * mcfbyl - 4 - (1’ - tupbthylf - I - 
httac u I secondary product. ‘Be quaaium *id for the fomutioa of tbc cycbpropaae was 0.037. Tbc 
corrcapond~ tripkt ruction was ku elBckn& with 6 qtmorum yield of 0.012, but sIg &rdcd he suac ~&XI. 
The cxcilc.d sin&r nrmagcmrar nlc was dtkmhai by ringie photoa count&; tbi6 proved lo be ‘k, = 
5.9 x Id se-‘. The total rate of S, decay wu dctcmCncd as 1.59 x I@ KC-’ with J lifetime d 62.9 ascc. Thus. tbc 
tiffhe of ti m 6~~~q~6~~~~~Of6~pk I-dkyinrpbtbrk~~(Ca 6Sarce);and,tbcnt~ 
of di-r-methmc rcun~me~t b tbc tbwctt kaowa. Finrfly, fbc fate of rsdiatioak66 decry of the 6ingkt w6 
found to be atmost umpcntlrn independent between room temperature and 77 K. 

In our previous studies of the di - ‘R - methane rear- 
rangement’ we encountered a ctious phenomenon in 
which the rate of excited singlet rearrangement was 
inhibited by stabilization of the vertical excited state of 
the reactant.’ 

Thus, we were led to the present study in which a di - 
s - methane system, 1. containing a low energy naphthyl 
moiety, was investigated. 

UWLTS 
(I) Syntksis of rructant and p4tenli4l ph4tochemical 
products. 

The napbthyl-vinyl-methane 1 was synthesized as out- 
lined in Scheme 1. A~it~~iy, 1 - (1’ - ~h~yl) - 22 - 
dimethylcyclopropane (2) and 2 - mctbyl - 4 - (I’ - 
naphthyi) - I - butene (3) were synthesized as potential 
pbotoproducts. These syntheses are also included in 
Scheme f . Finally, details of the syntheses are given in 
the Experimental.’ 

12) fzp~oruloty photochemistry; ovemll reaction come 

Exploratory photolyses of the ~phthyl vinyl methane 
I were found to afford primarily a product which proved 
identical 10 the independently synthesized napbthyl 
butene 3. Since it seemed unlikely that this conversion 
occurred in a one-step process, the reaction was in- 
spected more carefully. At lower conversions, it was 
observed that the previously prepared naphthyl cycb- 
propane 2 was present, with the relative amount of 2 
increasing as the percent conversion decreased. At con- 
versions approaching I percent, naphthyl cycbpnyrw 2 
was the only observed product. 

Thus it appeared that the primary photochemistry kd 
to naphthyi cycbpropane 2 which then reacted furtbcr IO 
afford naphthyl butene 3. To check this point, the naph- 
thyI cycbpropeot 2 was irradiated. J&cd. there was 
observed a facile conversion of naqhthyl cycbpropane 2 
10 the napbthyi hutene 3. 

Hence the overall p~t~~mist~ can be written as 

w 

hv 
2 

(1) 

3 

in which an initial di-a-methane rearrangement afIords 
naphthyl cyciopropane 2. The comparabk extinction 
coelscient for product 2 relative to reactant 1. coupled 
with high reactivity of fhc primary photoproduct 2, ac- 
counts for the facile conversion of f to 3. 

(3) @~~rmm yi&i detemhalions, magic muitipiier and 
excited h&t mtes by sin& photon corurfkg 

Quantum yields were determined using the microbench 
apparatus‘ and electronic actinometer’ desuii earlier. 
The apparatus was calibrated with potassium feniox- 
alate.’ The edhcitncy of naphthyl cycbpropaae 2 for- 
mation in the direct irradiations was 0.037; this was 
&own to be independent of extent of conversba. For 
sensitization. xanthone (Er * 74.2 kcaUmok3 was used, 
since this promised to have more than suf6Ckot’” energy 
to transfer to a ca. 59.6kcaUmofe” Islkyh&&abne 
moiety. Indeed, a c43ovefsioa of the tripkt d the uapb- 
tbyi vinyl methane 1 to the same cycbpropane product 2 
was ohacrved with a quantum eficiency of 0.012. It was 
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Scheme 1. Synthesis of reactants and potential photoproducts. 

shown that the conversion was independent of xan- 
thone concent~t~n. thus estabfishing that conccntra- 
lions were in the range for complete tripkt energy 
transfer. 

In our previous studies it has proven useful to dcter- 
mine the “magic multiplier” for photockmical reactants 
of interest. This constant is defined” as the ratio of 
fluorescence at low temperature (e.g. 77 K) IO that at 
room temperature (2.5?. Typically, for a flexible molecule 
values in the range of IO@-UK) are observed. However, 
for the naphthyl vinyl methane 1 presently under study, a 
value of I.1 was obtained. This signiks that tk mok- 
cutar fluorescence &kitncy is essentially tem~rature in- 
dependent. Additional conclusions bearing on the excited 
state are discussed below. 

With the quantum yields and magic multiplier known, 
it was of interest to determine the excited singlet rcac- 
(ion rate. The general approach introduced earlier” was 
used. This employed singk photon counting with an 
on-line PDP-I1 minicomputer which served as a multi- 
channel analyzer and data processor.” Single photon 
counting affords the total rate of excited singiet decay 
(i.e. ‘lbt,& With knowledge of the singlet quantum yiekl 
and eqn (2). ok can then obtain tk rate of excited 
singlet reaction.‘* 

‘4. = WkdW,; ‘rt - ‘4. - ‘kwoo 0, b) 

Using this method, ‘LaDI, was determined as 1.59x 
IO’ see-‘. This corresponds to a lifetime of t = 62.9 nscc. 
From this and tk quantum yichl. ‘k, was determined to 
k %9x lo’xc-‘. This is an exceptionally slow re- 
arrangement rate. an aspect to k discussed below. 

The first point of interest is that both tk direct and 
sensitized photolyses gave rise to a di - I - methane 
rearrangement. Most commonly triplet acyclic di-a- 
methane systems are unreactive due to rapid energy 
dissipation by a free-rotor mechanism.” However, it is 
clear that tk triplet of the naphthyl vinyl methane 1 does 
react, since the rea~~ment to afford naphthyl cyclo- 
propane 2 occurs when tk triplet of 1 is generated 
independently by xanthone sensitization. 

The second question arising is whether the rear- 
rangement resulting on direct irradiation derives from tk 
initially formed singlet or from the triplet after inter- 
system crossing, This question can k answered by in- 
spection of tk direct and sensitized quantum e&en- 
&s. Thus. the direct q~ntum efficiency can. in prin- 
ciple, arise from two sources as shown in cqn (3). 

4 6f = ‘4, + ‘4,4k (3) 

Singkt Tripkt 
Contribution Contribution 

The etfickncy of intersystem crossing. &, can be ap- 
preciable for naphthakncs. For example. I-methyl- 
naphthalenc has a 4, of 048.” From eqn (3) we obtain 
the singlet contribution as 

‘4, = 4a* - ‘4.4’u 

= 0.037 - 0.012 4,, (4) 

This provides probable and upper limit values for ‘g,, 
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Since the rate of S, decay, as measured by singk photon 
counting, is very close to 1ha1 of simple alkyl naph- 
fhaknes, we can conclude that naphfhyl vinyl methane 1 
has decay processes characteristic of the lower energy of 
the two chromophores (i.e. of naphfhyl). This means that 
the much more rapid rates of decay e~ounfered for 
most of the di-n-methane systems must derive from 
some feature missing in the presently studied naphfhyl 
vinyl methane 1. If seems probable that 1 differs in 
lacking a flexibk chromophore into which singlet excifa- 
lion energy may be distributed. The very low energy of 
the naphfhyl moiety (85 kcai~mole) compared with the 
isolated vinyl group (IS3 kcal~molc) tends to ensure that 
excitation will remain localized in the naphfhyl moiety 
until onset of the excited state bridging process. In 
previously studied examples excitation fended to either 
be in a flexible moiety or be potentially available IO such 
chromophores. Some typical di-n-methane systems and 
their rates are given in Table 1, thus illustrating this point 
as well as dramafizi~ the slowness with which the 
presently studied naphfhyl vinyl methane I rearranges 
and decays. 

The main factors slowing the S, rate of reaction (i.e. 
‘k,) of naphthyl vinyl methane singlet (i.e. 1’) seem most 
likely to be (a) the considerable vertical excited state 
s~bili~f~n‘ prior to bridging, (b) the disinclinat~n of St 
to disrupt the naphfhyl aromaf~ify, and Ic) the fact that 
the cyclopropyldicarbinyl diradical formed (10) has one 
odd electron heavily localized on a methykne center 
without delocalizing groups. Indeed, the most rapid rates 
in Table I correspond to cases where bridging involves a 
-CH=CPh, moiety where odd electron density in the 
cyclopropyld~~inyl diradical can be delocalized by 
two phenyl groups. 

If was previously suggested that fhcre is a parallelism 
and mechanistic connection between the rates of reac- 
tion and the rates of S, decay.‘b The present example 
provides an extreme test of this connection; for here, 
both ‘k, and ‘t,, are very slow. Throughout all the 
cases in Table I the quantum yields do not vary mar- 
kedly (less than one order of ma~ifude) while the rafts 
vary over a range of IO’. For the previously studied 
examples, the rates of decay have been faster than those 
of the isolated chromophores. Thus i1 was postulated 
that some portion of the decay occurs via bridging to 
give the cyclopropy~ic~binyl diradical and infernal 
convers~n of the diradical to ground state diradical; 
ground state cyclopropyldicarbinyl diradicals are 
known” 10 undergo fission of the central C-C bond to 
afford two n-moieties. The S, configuration of the 

diradical was postulated to lead onward 10 the di-n. 
methane product. 

Since in the present use the decay rate is close to that 
of the parent naphfhakne, one has to postulate that 
finally in this very slow example, decay from fbe vertical 
excited state is slow and characteristic of naphfhyl. Also 
any decay from the cyclopropyldicarbinyl diradical must 
also be minor or slow. 

An intriguing rationale is that factors affecting vertical 
excited state decay are paralleled in the cyclopropyl- 
dicarbinyl diradical formed on bridging but do a01 affect 
partition between decay and forward reaction of the 
dindical. This would most simply account for the rela- 
tively unvarying fraction of excited state molecules 
rearranging versus decaying. 

Proton NMR spectra were determined on a JEOL MH-100 
spectrometer. IR spectra were determined on a Perkin-Elmer 267 
spectrometer. and UV spectra on a Gary I18 spectrometer. Mass 
~pcctn were obtained using an AEI MS 320 at 70eV. 

Analytical vpc was conducfed on a Variaa Aerograph series 
2100 chromatograph equipped with tIamc iotition detector; tbs 
cklector was calibrated for the relative responses of the coin. 
ponents analyzed. A 0.64 x :5Ocm column packed with 3% Car- 
borax 2OM on 801100 mesh Chromosorb W was used at 1Sf. 
Nitrogen carrier gas ibw was ~m~min. Preparative vpc was 
performed on a Varian Aerograph Model WP chromatogmph 
equipped with thermal conductivity detector. A 0.64 x ISOcm 
column packed with 5% Carbowax 2OM 00 W80 mesh 
Chromosorb C was used at 165°C; helium anier p tlow was 
60 mUmin. 

Megration of VPC peaks and &orescence curves was per- 
formed using a Summa~o~s Bitoad interfaced to a DEC 
PDP-1 If55 ~n~mputer~’ . . 

Silica gel used for column chromatogaphy was Grace Grade 
62,~200 mesh. Column chromatography was performed using 
Vycor columns; Sylvania phosphors were mixed with I& pack. 
ing. thus allowing the bands IO be monitored by a hand-held UV 
lamp. 

r-BuOH used for photolysis was distilled from CaH> The pho- 
tolysis solns were purged of O2 prior to photolyris us& 
vanadous-purified Nz. ” the tlow of which was maintained during 
photolysis. 

3 . .Utrhy/ - 3 . (I - nophrh$:l) - I - bufmt. NaH (O.sOp of a 
56.3% mineral oil dispersion: 0.28 g. 12 mmd) was washed with 
3~ 2mL portions anhyd htxane. then the system was twice 
evacuated and filled with St. Dimethyl sufforide (DMSD) 
(IsmL; dried over and distilled from NaOH) was added via 
syringe and the sooln stirred at ?0-&09 for I.Ohr. To the murky 
soln was added mcthyltrip~nyip~sp~~um bromide (2.14g. 
6.00mmol) in IOmL DMSO. The cloudy ora= solution was 
slincd at room tcmp for I5min. then 2 - methyl - 2 . (I - 

Table I. 
-- 

Of-*-Lthsna 
krctalt 

N$th&,Vfnyl 
0.0s 1.6 x 10' 5.9 x lo5 1.1 . 1 b 

Pb,c-cK#s,0t~ctt2 0,011 4.3 x lO1O 1.7 t 106 256 16 

pm2-C% 0.0% 5.2 x lOl0 1.9 x 14 202 3: Pt12C-CHUb2CJ+CJfD2 0.097 7.1 x do 6.9 x 109 216 11700 ,: 

m,csncn,at=C~ 0.m 1.6 x 1o12 1.4 x 101' 229 2.37 x 106 12 

a. Uagfc ultlplfer; b. Thfs rtu@. 
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~hth~bro~~” (l.OOg, S.05 mmolf in S mL DMSO was ad- 
ded vh sm and stirred 01 room temp. After 2.5 hr. tk (silica 
gel, hcxancf showed reaction to he compktc. and tbc sok was 
poured info waler &Gnp a sin& layer containi~ suspended 
vinyl-pan oxide; this was extracted ooce with bcxanc 
causin8 lb triphcaylphospbine oxide to crystalliLe out. After 
Iilmtion. the aqueous pbasc was fur&r extracted with hcum. 
The co&&d organic phases were washed with l:I 
watcr/DMSO sod brine. then dried. After flhmtion. the soln was 
fttrtbcr tlltercd through cu. 208 of silica gel, eluti~ with 100mt. 
hexanc. in order to remove any remaining triphenylphosphinc 
oxide. Solvent removal in eocvo was followed by short-path 
distillation W-90”, 0.3 mm fig) to give 0.7266 (3.70mmol. 73.3%) 
of colorless 3 - nwhyi - 3 - (1 . ~phthyl) - I f butenc. An 
analytical umpk was further purifkd by preparative vpc as 
dtscrii above. The spectral data follow: NMR (CCL) r I.68 
I.90 (m. I H, naphtbyl), 2.24-2.82 (m. 6H, napbtbyl). 3643.95 
(m. I H, vinyl). 4.92-5.12 (m. 2 H. vinyl), 8.48 (s. 6 H. mttbyll: IR 
(Mm) 3.27, 3.29, 3.38. 350,614. 6.27. 6.64. 7.19, 7.30. 7.38, 10.15. 
11.11. 12.66. 13.07~; UV (EtOHl A,, 272mm (* 6030). 282 
(708Ol, 313 (425): MS I7OcVl mle I% (II). 181 (IOOl. I66 (28). I65 
(45). IS3 (38). Hi& resolution MS: Calc. for Cr,Hr,: m/r 1% 12s; 
Found, Mft: I%.125 (Found: c, 91.63; H. 8.34. Calr. for 
C,,HI,: C. 91.78; H. 8.2296). 

C(l-Nu~~~yf~2-butono~e. A procedure similar to that of 
Barnes and Milk? was used. Na (6.01.260 mmol) was dissolved 
in 2&l mt ohs EtOH, then ethyl acetoacetate (39.Og. I30 mmol) 
was added in one portion. To tlk cloudy soh was added l- 
I~~~~~~~~k~ (35.34g. 2tXJmmol) and the cloudy 
soln was natrxcd I.5 br. A 2OOmL portion 3 M NaOH was added 
and tbc yellow mixture was relluxcd for I.5 hr. then stirred at 
room temp. for 2.0 hr. The mixture was aciditicd with 1. I pbos- 
phoric acid/water and extracted with ether. The organic phase 
was washed with NaHCO, aq and brine. dried, and concentrated 
in MCYO. Fractional distillation (128’. 0.4 mm H@ pve 25.8~ 
(I3OmmoL 65.2%) of cobrless liguid ~l-~pbthyl~2-~~~~. 
The spectral data follow: NMR (CCW I I%-2.80 (m. 7H. 
rmphthyl), 6.56-6.76 (m, 2 H. mcthykncl. 7.12-7.28 (m. 2 H. CH,l. 
7.92 (s. 3 H. CH,); IR (film) 3.28, 3.33. 3.38. 5.83. 6.25. 6.62. 7.0;9. 
7.14,?.33,8.58.9.%. 12.50. 12.82 11. 

2 - Methyl .4 . (I . nopkfhyf) -. I . butem To methyltriphcnyl- 
pbospbonium bromide (I.96 g, S.SOmmd) in 30mL anhyd ether 
was added a-BuLi (3.7 mL of a I.5 M sok in htxanc. 5.5 mmol). 
The oram soln was stirred for 30 min. then 0.99 g (5.6 mmoll4 - 
(I . naphthyl) - 2 - hutanonc was added via sVringe with im- 
mediate precipitation of triphtnylpbo~ oxide. After stirring 
for another 20 min. 25 mL water was added and rtimd until the 
tripbcnykhosph& oxide had mosdy dissolved. The mixture was 
decanted and the r&dual ~nylp~~ oxide washed with 
pcatanc. The aqueous phase was extracted with pcntanc: the 
combined or&c phases were wasbed with water and brint. 
dried. and concentrated in vacua. The residue was chromato- 
graphed on a s&t silica gel column, elutinjt with Ikxanc. to give 
0.521 g (266mmol. 53.1%) 2 - methyl - 4 - (I - naphtbyl) - I _ 
hutenc. whose NMR spectrum was identical to that of the 
observed secondary photoproduct. An analytical sample was 
further purifkd by preparative vpc. The rpcctral data follow: 
NMR (CC&l x 1.9W.15 (m, I H, naphthylf, 2.25-2.90 (m, 6H. 
rmphthyl), 5.25 Is. 2 H, vinyl). 6.80-6.W (m. 2 H, CH?). 7587.74 
(m, 2 H. CH& 8.22 (r. 3 Hi CH,l; IR (tilm) 3.25. 3.38. 3.48. 6.02, 
6.23. 6.58. 6.85. 7.14. 7.25. 8.55. 9.26. 9.85 11.24. 12.5011: MS 
(7OcV) mlc 1% (II), 141 (i@Jl, IIS (2$,: LJV(EtOHl 1,, ii3 nm 
(r 360). 291 (4680). 282 (7020). 272 (58@). Hi@ resolution MS: 
Cak. for CrsH,,: I%.IZS: Found, IW.125. (Found: C. 91.96; H. 
8.39. WC. for C,,H,,: C. 91.78: H, 8.22%). 

2 - Mtihyl - 4 - (I - naph~hyl) - butan - 2 - 01. Methyl Gr@rard 
reagent was prepared by the addition of bzbomethaoc (5.8 mL. 
13.20, 93mmoll in 4OmL anhyd ether to 2.26ft (93mmol) Mg 
turnings in 30mL anbyd ether. After an additional 2Omin of 
re8ux; 4 . f I naphthyll - 2 . hutanont (16.oOg. 80.7 mmol) in 
30 mL ether wa3 ad&d and relluxcd 30 mm. After cool& SO mL 
NH&I satd aq was added and stirred. followed by 20 ml, 10% HCI. 
dissolving all solid. The phases were separated and the aqueous 
phase extracted with ether; the combined ethereal phases were 

washed with Ha&O, 4 and brine, dried, and conuntntcd ia 
WCW. T?rc Ii&t yellow oil wu dktilkd (132-W. 0.25 mm Hg) 
to give 16.6Og (77.4 mmoI, 96.056) viscous cdorkss 2 - methyl - 4 
- (I - napbthyl) - bum - 2 - 01. Tbc spectral data follow: NMR 
(CDCI,) I 1.9G2.14 (m, I H, naphtbyll, 2.2@-2.80 (m. 6 H. naph- 
thy& 6.7ti.% (m. ZH, CH3. 8.tRl-8.22 (m. 2H. CH3. 8.30 
(broad I, I H, OH), 8.68 (s. 6 H. mctbyl); 1R (ftlml2.94.3.28.3.36. 
3.41. 3.47.6.25, 6.51. 6.90, 7.17, 7.25. 8.200,8.70. 8.89, 9.80. 10.75. 
10.99. 12.82r; MS ClOeV) mlr 214 (41, 213 (39). 195 (32). I80 
(87). I52 (35). I40 (l&t). S9 (8s). Hi& resolution MS: Cak. for 
C,,H,,O: m/c 214.136; Found: m/e 214.135. 

2 . thmo - 2 . methyl - 4 _ (I - ~p~h~)bmf~ne. 2 - Methyl -4 
- (1 . naphthyll . hutan . 2 .ol (I 680 8,784 mmol) was stied in 
74mL 48% HBr for 2Shr. then extnscted witb pcntanc. Tbc 
pentan extracts were washed with sat NHCO, aq, dried. and 
concentrated in racuo to give I.935 8 (7.01 mmol, 89.4%) of Itit 
orange. viscous 2. bmmo .?. methyl - 4. (I - napbthyI)hutam. 
Due to hcik dehydrobromination upon attempted distillation or 
chromatography. the bromide was used without further 
purfkation. The spectral data follow: NMR (Ccl.1 v 1.96-2.14 (m, 
I H. naphthyll. 2.242.90 (m. 6H. naphthyt), 6.62-6.88 (m, 2 H. 
CH&. 7.8Wl.00 (m, 2 H, CHx), 8.20 Is. 6 H. CH,): 1R (film) 3.27. 
3.34, 3.41, 6.25. 6.58. 6.80, 6.85, 6.90, 7.14, 7.19, 7.27, 7.69, 7.78. 
7.94,8.10.8.20.8.26,8.37.8.55,8.66.9.01.9.26.9.80. 11.36. 11.63. 
12.500. 12.82. 13.7Or; MS I-70&) 1% (IS), 141 (18Ot. I15 (26). 
High resolution MS: Calc. for C,,H,,Br: m/r 276.051; Found: 
in/c 276.05 I r 

I.3 . LXbrano - 3. methyf - I . (I . nophthyilbutoac. 2 - Bromo 
- ? _ methyl . 4 . (I - naphthyll&anc (f.Mg, ll.Ommoll and 
N-hromosuccinimide (2.oOg. ll.2mmol) in ISOmI. CC& were 
irradiated at r&x with an intense tungsten lamp until the N- 
hromosuccinimide had disappeared (Urnin). T?rc sola was 
filtered. washed with sat Na&Os aq. dried, and concentrated irr 
cucuo fo give 3.67 g (10.4 mmol. 94.3%) of h&t orange oil. The 
1.3 . dibromo . 3 - methyl - I _ (I - naphthylRmtme was used 
without further puri&tion. The spectral data folktw: NMR 
(CC&l T I.8 (broad d. J = IOHt, I H. napbthyl), 2.20-2.80 (m. 
6H. naphthyll, 3.95 (very hroad s, I H. naphtbCHt, 7.96 (d, 
J = 5 Hr. 2 H. CH:). 8.12 (s. 3 H. CH,). 8.W (I. 3 H. CH,l; IR 
(Mm) 3.27. 3.37. 3.41, 3.50. 5.15 (w), 5.52 (wl, S.78 (w), 6.25.6.58, 
6.85 7.19. 7.?7. 7.41. 8.06. 8.47. 8.70. 9.01. 9.71. 10.42. 11.24. 
11.63. 12.82. 13.70. 14.719; MS f7OeV) nrlc I94 (Ml, 193 (27). 
178 (58). 177 (38). I64 (29). I10 (39). I20 (581, I I8 (99). I I6 (IOOl. 
High resolution MS: Calc. for C,,HWBrt: nr!r 353.962: Found: 
mlr 353.962. 

I, I - Dinethyl . 2 . (I . naphfhyl)cyclopropane. ZdCu coupk 
was prepared using the procedure of Hcnnison and !&&an.” 
Zn dust (2.Og. IS mmol) was washed with successive 2 x IO ml. 
portions of the foliowing: 1056 HCI. water, 3% CuSO, aq. water, 
95% EtOH. ahs EtOH. anbyd ether. The black couple was added 
to l.?6g (3.5Smmoll I3 * dihromo . 3 . methyl - I - (I - 
naphtbyllhutane in 6OmL anhyd ether and rclluxcd for 4.S days. 
monitorin by tk. Maximum reaction was reached after 2 days. 
After filtration. the soln was washed with 18% HCI and water. 
dried. aod concentrated in uacuo. The product was chromate 
graphed on a 2.54 x 52 cm silica pl cokmn, slurry packed in 
hcxanc. Elution with hexant gave a single mobik band contain. 
ing 0.228g (l.l6mmol, 32.8%) of I.1 - dimethyl f 2 - (I - 
napbtbylkyclopropanc. There were no other idcnti&bk 
products. An analytical umpk was purifkd by preparative vpc. 
The spectral data follow: NMR (CCW I 1.92-2.08 (m. I H. 
naphthyll. 2.22-2.93 (m, 6 H, naphtbyll. 7.86 (broad I. 1 = 7 Hz, 
I H. cyclopropyll, 8.55 Is. 3 H. CHrl. 9.04-9.16 (m. 2 H. cyclo- 
propyll. 9.33 (I. 3 H, CHil; IR (Mm) 3.27, 3.28. 3.33. 3.39, 3.46. 
3.48. 3.66 (~1. S.18 (wl. $51 (w). 6.25. 6.31. 6.59. 6.87. 7.12. 7.25. 
7.30. 7.46, 7.66. 7.97. 8.23. 8.62, 8.89. 9.99. 9.43, 9.66. 9.80. 9.90. 
10.36. lO.S3, IO.75 10.99, 11.63. 12.20, 12.56, 12.82. 13.70, 14.29*; 
MS (70eVl in/r I% (75). I81 (87). I66 (48). I65 (71). IS3 (IOO), 
141 (2s); UV (EtOHf A,, 278 (t 4780). 288. (556Ol. 316 (580). 
Hi& resolution MS: Calc. for CrrHW. 196.325: found, I%.125 
(Found: C. 91.8s; H, 8.39. Cak. for CrsH,‘: C.91.78; H. 8.2256). 

Explomrory phorolysti of 3 - meihyi - 3 - (I - aaphth$) - I - 
butene. A solo of 99.Omg 3 - methyl - 3 . (I - napbtbyl) - I _ 
huttnc in I4SmL t-BuOH was depsscd with van&us-purifkd 
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Ny for 80 min. tbta irradiated for I22 mio &rorpb a l-mm Corex 
6ller us4 1 Haooti IS&W medium preuure kap in a quutx 
inlmeniop well. solve01 removal in wcw pvc 84.omg of yel- 
bw~reliducwhicbcouchromr~onrlx112cm 
sitia gel colltmo. slurry packed in beuac. Elutioo wilb bexlne 
gave lbe fobw& clroma~ (IO mL fnclioal): fraction I-IO. 
nil; I I. 2.0 mg, tioti6ed; I2,7J mg SIlrthg marial plus true 
of I,1 - dim&l - 2 - (I - rupblbyi)cycklprop; 13-1s. 38.8 lug. 
sM& malerkl rod 2. UtcIbyi - 4. (I - rbepblbyl) - I - buttoe: 
1617.10.4 m( of 2 - melbyl - 4 - (I - Iuptllbyi) - I - hlleoe. 

Ezplorafory pkro/yrir oj I.1 . dim&y/ - 2 . (I - napMy/) . 
cyclopropane. A solo of 28.0 Klg of lbc cydopropaoe in 40 mL of 
I-BuOH was &gassed with vxna&us-purifkd Nr for l.Ohr. hen 
irradhlaf for 2.0 br wilb a GTE-syivMil l@W mercury lamp in 
1 rrmn qlnrlz immersion well. Coaccotntbo h wcw pvc 
33.0 m of r&due which by NMR sboved 45% imversioo of he 
cydopropl~cto2-wtbyl-I-(l-nnpbthyl)-I-buctac.Tbcle 
were Do 0Iber major producls. 

Phdyrir cqdpmat and pro&we for quantum yield dutr- 
mhulioa. QuenIual ykbd imdiatins were periormed us& e 
mkObencb lpoMtui similar lo one prcvbusly dcscriikd.’ Li&lf 
from an Osmm HE0 EOOW bigb-preuure mercury lamp was 
passed &ro& a Bausch and Lomb Model 228679 b&Go- 
temity mooocbroaulor se1 II 2s2nm for direct irradhtion lmi 
334 nm for Kmitized imdhtbm. The maochromrlor cotraoce 
rlil was set al 5.4mm rad tbe exit slit at 3.0mm. giving a 
baodpasr of 20~1 at half-peak bei&. For direct imdhfioas. 
counts from he pbotomukiplier behind he sampk cell were 
iqroraddDctotbciotc~Ihrore~accofIbc3-mctbyl-3-(1- 
oxpblbyl) - I - butrae. fbe cmceatntions of which were 
Aqua& (0 &Sorb > 99% of fbe iDcideot l#ll. Aaioomelry was 
performed us& l prevhsly described ekctronic acthoaX&’ 
calibrated by femioxahc rctinomctry.’ 

Solos used I-B&H as solvent xod were degasKd I.Olu prior 
IO sod duripr pbotdysis wiug &oxygenated nitrogen. Cells of 
30mL vduph were used. Workup corn&d of conceotntioo in 
wcw, f&owed by dditioo of ao aliquot of x rtaodard cthDolk 
solo of bipbeoyi ad analysis by vpc as described above. Tbe 3 - 
methyl - 3 - (I - arpbtbyl) - I - lwtcnc used was purihJ by 
preparative vpc u described above. 

MNlr,werc~ku~l%copvmioomdmrykulreo~ 
k&tic. Ody he expected cycbpropuw pbotoproduct was 
obaerved 11 these coovcnbns. 

Summary of qwntmm yield ruvl~s /or the dime1 irmdia~ior 01 
3 - m&l - 3 - (I - nupkhyf) - I - burnt. Tbe procedure 
described above was used. -he dill ire listed u follows: slartin# 
3 . methyl - 3 - (I - nrpblbyl) - I - bukoc (mmol). l@ rbsohed. 
I.1 - dinwhyi - 2 - (I - oaphbyl)cycbpropane formed (mmol), 
qlmntum yiebd of formatioo, perceol coaversioo. 

Run 1.3 - Methyl - 3 - (1 - arpblbyi) - I - bulcoe (O.ow mmol). 
1.%x IO-’ mEins&. I.1 - &et&l - 2 - (I - rmpbtbyl)cycb- 
proprnc (7.44 x lOA mmol). 0 - 3.80 x 10-r. 0.7S4%. 

Run 2.3 - Mclbyl - 3 - (I - Mpbtbyl) - I - butene (0.154 mmol), 
5.54~ IO-’ mfhsteias, I.1 - dimethyl - 2 - (I . mphtbyl)cycb- 
DIOW~Y (2.01 x lOA q mol). 0 - 3.63 x 10-r. 0.131%. . . 

RM 3..3 - Methyl - 3 - 6. rupbtbyi) - I - butene (OX@4 mmol). 
7.28~ IO-’ mEimteins, 1.1 - dimetbyl - 2 - (I - arpbtbyijcyck 
propane (2.6s x lOA mmol). + = 3.64 x IO-‘. 0.4X1%. 

swnmory oj qnanrw, ya nsulll jor Ihe snuaixtd iwodtirion 
of 3 - m&j - 3 - (I . nuphlhyt) - I - bmfea.e. Tbc procodurc 
&&bed nbove was used. Xaothone wu used as 8 rcosititrr. 
The data arc l&d xs follows: slut* 3 - wlbyi . 3 - (1 . 
mphtbyl)buteac (mmd), xantboae (mmol), light &abed. I.1 . 
dimetbyl .2 - (I - nrpbtbylkycbproprnc formed (mmd). qurn- 
turn yield of formha. percent coavcnioo. 

Run I. 3 - Methyl .3 - (I - nrpbtbyl) - I - lwtcne (0.0581 mmol). 
xaotboae (0.204 mmoi). I.79 x IO-* mEimteio. I,1 - dipetbyi - 2 - 
(I - mpbdyi)cycbpropaoe (2.15 x lOA mmol). 6 0 I.20 X 10-r. 
0.m. 

RM 2.3 - MetAyl - 3 - (I - mpblbyi) - I - bul~oe (0.0607 mmol). 
rrnthoe (O.IWmmd). 8.36x IO-’ mEhtein. I.ldimelAyl - 2 - 
(I - mpbtbyl)cycbpopane (l.OSxlO~mmol). @=I.M~lO r. 
0.174%. 

Rur 3.3 - Methyl - 3 - (I - anpblbyl) . I - butene (0.0612 mrnol). 

xardbooe (0.205 mmol). 3.69 x IO-’ mEimtein, I.1 - dimetbyl - 2 - 
(I . MpbIbylkyclopropxne (3.22 x lo-‘mmol). @ - I.20 x 10-1, 
0.526%. 

&lrJiriztd qulM1um ykld 
Corfrol mn. To eouue thrl only triplet coagy wu be& 

transferred from xaatbonc. a semitixed rum was made at a 
lowered cooceahtion of 3 - wtbyi . 3 - (I - mpbtbyi) - I - 
b~tcnc. Tbc procedure descrii above wax used. and he dua 
are listed u above. 

3 - Methyl - 3 - (I - mpblbyi) - I - butcoe (0.018mmol) 
xaothooe (0.204 rnmd). 7.85 x IO-’ mEinstein. I.1 - dimethyl - 2 - 
(I . aapbtbyi)cycbpropxoe (8.65 x IO-’ mmol), @ - I.10 x IO-‘. 
0.481%. 

The quaotum yield agrees with th previous ruw to wilbin 
expcrimeotal error. 

Sample pnpomtior for ~wrucence nua~ureinenf~ and riu& 
pholor cowlhg Pluifk@u melhyicycb4exMe 8nd iw$Ieouae. 
UV tramparc and cmissbn free. were used for lluaesceoce 
~nte~tud~.3-M~yl-3-(I-nrpb(byl)-I-kncncwu 
purihi by preplntive vpc and analyzed as hvin( >99.95% 
purity by aoalytical vpc. 

Metbykycbbexane-isopeotane (4: I) wu used as solvcot; he 
samples were prepared in I-cm quutz c.elJs md degused by IS 
frecze-pumpthrw cycks. The sampks ax prepared &owed 80 
rbsorbaace of 0.82 II 282nm; 0.87 is ideal for fbr pmeot 
apparatus.u.” 
Rwrucencr spectrorcopy and magic auitipk drcrmirrohior. 

Fhoreuxoce mcuurements were t&en 00 M Amioc4-Kiur 
spectrohorimeter witb a Haooti 90 C-l IS&W xcwa hmp. 
‘Tbc sampk was prepared as noted above. The compoti exbi- 
bitrd IO cmixsioo maximum at 338 nm; fbe emissioo maximum 
nod ewe sbxpe were invariant over x0 cxcibtioo wrvclcppb 
w of 270-310 nm. 

The magic multiplkr’r was determined by integratipr tbc 
emission curve iatcmitier from both loom tempmture and bw 
temperature (77 K) experiments. Measurements in bocb axes 
were with lbc sampk suspended in a quartz Dewar; all io- 
slrumentll factors were held constllll. The magic q ultiphr 
obhed was 1.12. 

Rate mcasurenunts by ringle photon cowliry. Tbc ~tus 
and mehod used for the dercrmimtioo of Buoraccpcc decay 
nIes have bee0 du&bed elsewbere.‘z” Tbe sxmpk was pre- 
pucdudercrikdrboveIDd~.Tbcrunplip(nttwuku 
than 5% of tbe 8uh hmp nle (2S23kHx) to ea8ure thu few 
doubk photons were colkcled. Decoavolutho of tbe masued 
OuoresaDcc inlemiIy vs lime curves for lbe lamp-dub and lbe 
sample gave he measured rates. 

la view of the small uu@ muttighr. all rum were made at 
room temperahue. Variatho of he exciulioo wrvek~@ (2f~& 
300 run) rod cmiubo wrvekn&~ monitored (3=3&l nm) gave 
lifetimes wbicb rpacd 10 within experimcotd era. TEe maxi- 
mum A-value (ratio of xru misoutcb ktweeo tbe experimeotal 
rodccaputercakukteddecaycurvestotbetbeuodertbe 
experimcoul curve) for ray run was 3.7%; ao A-v& of less 
thrnS%ircoluidcndtoiadiater~btdIbculcuLfcdto 
the cxperimeotll decay curves.” 

Twelve rum at dihrcot combioatioos of cxcitatbo and cmit- 
sbn wrvekngths gave M rvenp ntc Jf decay of I.59 x IO’s_’ 
(standard devihoo - 0.03 x IO’s_‘). an rvcnp life-time of 
62.9 ns (suadud deviatioo = 1.2 as). sod an average A-value of 
3.0896. 

Achowle&nnr-Suppor of his research by the N&ad 
Scieoce Foundation and by NIH plat GM07487 is mtefully 
rCkllOWk-d@. 
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