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Abt&~-T?tc tripkt sensitized kbavbr of a number of Wyl substituted cycbpropcocs containiq a hctcroatom 
on tbc side cbtt ius been studied in tncdnistic detail. The aipkt state wu found to underno H-atom rbstractioa 
by a me&u&m rnrbtout to the wcU&owa Norrisb type If process of arbonyl compouads. llrte cocutaot.s for 
Hsbsmction were obtained by prOtt& @JQ, VI rmu-rtilbeoe at I coustaat queacbcr to cycbpropene ratio. Tbc 
mte constaats for H-~bamctioa were found to be tvo orders of ougnitudc ku t&n lbrt for related phcayi alkyd 
~toae,aodhrrrrrcdutks~~dIb!C-Hboodhrtbcy~icicvodcctured.Rwposribilityofckctron 
uaasfer from the beteraatom of tbc sitk c&t to tbc r-r* tripkt rtote is discus&. 

Of known photochemical processes, H-abstraction has 
bee0 surely one of the most intensively investigated 
reactions. Most studies have centered on the photo- 
chemistry of tbc co group. Ihex include the pho- 
toucans of ketones in solvents with abstractable 
bydrogens and the type II reaction of ketones possessing 
y-hydrogens.’ It is now germrally accepted that the Nor- 
rish type II reaction proceeds by way of a n-r? triplet 
state.‘ Abstraction of the y-H leads to a U-biradical 
intermediate which may either (a) cyclize, (b) undergo 
cleavage to form an oklin and an cnol, or (c) revert to 
the star@ ketone by reabstmction of hydrogen. 
Placemeat of a heteroatom adjacent to the y C-H bond 
results in a pronounced acceleration of the rate of H- 
abstractionc4 It is well known that htteroatoms interact 
with excited ketones in charge-transfer processes to 
form cxc’ 

‘p’ 
exes in which the donor has radical cation 

character. ‘.‘I Thus, the first step in the photoelimination 
reaction of a-amino ketones and &kcto suIhdes has 
been suggested to proceed by transfer of an electron 
from the heteroatom to the excited CO group.‘-’ In 
contrast to carbonyl compounds, examples of H-ab 
swaction in the direct and sensitized photolysis of olefins 
are kss common. Nevertheless. a number of reports have 
appeared in the literature which show that tbt excited a, 
I* state of certain oleih have the ability to abstract 
H. IL” In our previous studies deahng with cycb- 
propenes, we observed that the tripkt sensitized irradia- 
tion of tctra-substituted cyclopropenes which possess 
y-bydrogens lead to products involving intramolecular 
transfer of H from the side chain to the ar-rr* excited 
state. ‘*l’ The products obtained were explained as 
resulting from dispro~rt~~~n and/or collapse of a 
biradical intermediate. The entropy of activation was 
typical of a reaction proceeding via a strain free bcenter 
transition state and the activation energy associated with 
the H-abstraction reaction was found to be dependent on 
the y C-H bond strength.‘9 In order co provide more 
detailed information concerning the nature of the H- 
abstraction, we have investigated the triplet sensitized 
irradiation of severai cyclopropenes containing a 
heteroatom on the side chain with the hope of establish- 
ing the involvement of ekctron transfer with these sys- 
tems. In this paper we describe some of the sahent 

futures associated with this reaction. 

Ph 

+ 
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3-Methylthiomcthyl substituted cyclopropcnes I.5 and 
6 were prepared by treati~ the appropriate cyclo- 
propeoyl cation with me~yl~me~y~i~~‘9 accord- 
ing to rbe general procedure of Breslow d ot.‘O Tht 
thioxantbone sensitized irradiation of cycbpropene I 
a8torded I $,6-bipheoyl-3-thiabicycbj 3. I .OIhexaue (2) in 
9096 yield as a crystalline solid, m.p. 20>20@. The 
identity of 2 was based on its characteristic NMR spec- 
trum which showed a set of doublets at 6 3.30 (2H, 
J = 12.0Hz) and 3.65 (2H, J = 12.0Hr). a sin&et at 3.47 
(IH) and a multipkt at 6.69-7.45. Further support for this 
structure was obtained by the extrusion of the sulfur 
bridge to give 2~,~~o~-l*~n~~~ (4). Thus the 
pbotdysis of 2 in trimethyl phosphite solveot, according 
IO the procedure of Corey and Block,” al?ordcd 4 in 80% 
yield. Dkne 4 was aho obtained from the tbumolysis of 
~~~ycb[3.1.0~~33d~~e 3. This material 
was readily prepared from 2 by ox&&a with peracetic 
acid. Tlte chelotropic extrusion of &fur dioxide from 
the 3-thiabicycbI3.l.OIbexane-3.3dioxidc system has 
been reported as a useful synthesis of l&liene~.~ We 
found that the flusIt vacuum pyrolysis of 3 at 6w gave 
diene 4 in 75% yield thereby providing additional support 
for the stmcture of the photoproduct. 
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We also examined the triplet-induced photohehavior of 
cyclopropenes 5 and 6. In each case the pbotoproduct 
obtained arises from intramokcubr H atom transfer. The 
sensitized irradiation of cyclopropene 5 gave I-methyl- 
5,6diphenyC3-thiahicyclo(3.I.O]hcxanc 7. Photolysis of 
the unsymmetrically substituted cyclopropene 6 under 
similar conditions gave I Jdiphenylbmcthyl-3-thiabi- 
cycbl3.l.Ojhcxane 8 as the exclusive photoproduct. No 
signs of the isomeric thiabicycbbexane 7 could be 
detected in the crude ptbtolysate. The identity of thi- 
abicycbhexanc tl was determined by its straightforward 

Ph 

Y CH3 v-3 
i 

P e 

spectral characteristics [NMR (CDCI,. 9OMHz) 6 1.08 
(d, 3H, J = 7.0 Hz). 2.32 (9, IH. J = 7.0 Hz). 3.25 (d. 2H. 
J = 12.0 Hz), 3.48 (d. 2H. J = 12.0 Hz) and 7.0f7.36 (m. 
IOH)]. 

As our next goal, we decided to replace the S-atom 
present on the PIkyl side chain with an O- and N-atom. 
This required a great deal of synthetic manipulation. 
Both N,Ndimethylaminomethyllithiumz’ and methoxy- 
methyllithiumU were added to the cycbpropenyl perch- 
bntes. Unfortunately, no characterizable products could 
LX isolated. This problem was solved by synthesizing 

123~triphenyl-3-cyanocyclopropene (9). This involved 
the addition of potassium cyanide to tripbenykycb- 
propenyl perchlorate in the presence of I8-Crowod. 
DIBAL reduction of 9 gave the Eformyl substituted 
cyclopropene IO which, in turn, was reduced with 
radium horohydride to the corresponding abobol. Ag 
plicatbn of the Williamson ether synthesis using II gave 
both methoxymethyl (12) and henzybxymethyl (13) 
cycloproperles. 

The triplet sensitized irradiation of 12 gave hack 
recovered starting material even after extended irradia- 
tion. The reluctance of cyclopropenc 12 to undergo H- 
atom transfer is probably due to the d&t&y of trans- 
ferring a primary H-atom to the +ar* triplet state of the 
cycbpropene. The sensitized irradiation of cycbpropene 
13, on the o&r hami, gave rise to a mixture of uo-(14) 
(75%) and endo- 12J,btetraphenyl-3-oxabicyclo(3.l.O~ 
hcxane (IS) (25%). The structures of both 
isomers were determined on rhe basis of their charac- 
teristic NMR spectra: ~0-14 (6 3.05 (J, IH), 4.39 (d, lH, 
J = lO.OHz), 4.50 (d, IH, J = lO.OHz). 5.38 (s. IH)); 
cndo-15 (6 3.00 (I, IH), 4.49 (d. IH. J = 9.5 Hz). 4.76 (d, 
IH, J = 9.5 Hz). 5.42 (3. IH)). 

The triplet induced behavior of a 3-carhinyldialkyl- 
amino substituted cycbpropene was also investigated. 
Treatment of 3-formyl-l2-3-triphenylcycbpropene IO 
with benzylamine afforded the expected N-henxylimine 
16. Attempts to reduce the C-N douhk bond with LAH 
gave cyclopropylamine 17. Earlier work by Breslow d 01. 
showed that treatment of a cycbpropenyl ester with 
LAH resulted in reduction of the fmemhered ring.= 
The reaction was suggested to involve coordination of 
the n-bond with the aluminum hydride. PresumaMy a 
similar mechanism is involved with cyclopropcae 16. 
When lithium horohydride was used as the reducing 
agent. N-henzyl_(l2.3-triphcnylcycbpropen-2-yl)car- 
binylamim 18 could he obtained in good yield. Treatment 
of 18 with henzoyl chloride gave henramide 19 which 
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was smoothly reduced to N.Ndiknzylcarbinylaminc 24 
with LAH. 

r+-../ 

Irradiation of a sample of cyclopropcnc 24 with thiox- 
anthone produced a complex mixture of products. All 
attempts to isolate a characterizable product from the 
crude pktolysatc failed. In contrast to the pktbora of 
products obtained from 24 tk sensitized irradiation of 
kntnmide 19 gave exe - 1.2.5.6 - tctrapknyl - 3 - 
knzoyl - 3 - azabic~cb(3.l.O]kxanc (2) as tk exclusive 
photo-product; NMR (CDCI,, 90MHz) 6 3.03 0, IH), 
4.08 (4 IH, J = ll.OH& 4.58 Id. IH. J = I l.OHz), 5.58 
(s, IX) and 6.2tM.66 fm, 25H). 

The value of k. in knzene is taken to k 5X 
1oQ L~M$‘.~ Quantum yields and t values are given in 
Tabk 1 for tk cyclopropcncs studied. Tk data clearly 
show that tk symmetrically Udipknyl substituted 
cycbpropcncs all accept excitation from triplet thiox- 
anthonc with a reaction rate constant kX- which is 
essentially diffusion controlled to give excited 514 
states which have lifetimes. as measured by fruns-stil- 
knc quenching. of a few microseconds before trans. 
formation to product or to some biradical species (B) 
leading to product. If the biradical intermediate B, for- 
med by hydrogen transfer, reverts to cyclopropcne then 
the mecknism shown in Scheme I would have to k 
modified and tk expression for U$ would include a 
factor representing tk fraction of biradicals that go on 
to product. This latter fraction is not known, though a 
minimum value for it is given by the reaction quantum 
yield. With the unsymmetrically substituted cyclo- 
propenc 6. tk quantum yicki for abslraction was found 
to depend on tk concent~t~n of starting material, and 

In order to derive additional mechanistic i~o~at~n 
concerning these intramokcular H-transfer reactions, a 
more quantitative investigation of these processes was 
undertaken. Quantum yields for product formation were 
determined using knzouknoae-bcnzhydrol as the 
ckmical actiaometcr.~ Recently, Cristol d of. have 
described a method for the treatment of quenching data 
of photosensitized reactions which allows for the 
dcrermination of the lifetime of tk tripkt statesn We 
have used this method to approximate tk rate of H- 
transfer to tk tripkt state of the symmetrically 1.2. 
dipknyl substituted cyclopropeae system. The kinetic 
expression for the triplet photosensitized reaction, in- 
volving sensitizer S, cycbpropcnc CD and qucnckr Q0 
to give bicycb[3.l.O]bcxanc P. was derived from Sckme 
I. Tbc extent of conversion of triplet cyctopropcne to 
product in knzenc was studied as a function of tk 
concentration of Imnr-stilknc as quencher. Plots of 
4&D, at varying quencher concentration but with con- 
stant [Qj/(C] ratios ([QJ/[C] = l/50) give lines whose in- 
tercepts afford w ratios and whose slopes divided 
by tk intercepts give Lc@ values. The modiikd Stem- 
Volmer plots obtained were linear with the slopes listed 
in Table I as k&C values. 

consequently it was not possible to determine the rate of 
hydrogen transfer by Cristol’s m&o&n 

The formation of tbc 3-kterobicycbl3. I .Ojbexanc ring 
system from the rripkt sensitized irradiation of tbc 
above cycbpropcncs indicates that the sensitized rtac- 
tioa proceeds via a mechanism anabgous to that ac- 

S$S *IAS*, 

S*)+C&C*)+$3 

ti 
S’-So 

4 
C*‘-B+P, 

4 
C*‘-Ccl 
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TaMe I. 

c,‘C lOFrO‘"W 4c.4 ‘Qr3C.w-‘e r,lO’s-’ Kr, x6,-’ 

0.042 izoc 4.48 3.09 

1 C.O9? 3662 1.32 3.13 

P 0.17 

!A 0.76 673 I .3c 5.61 

1p 0.5E ia0 2.05 2.19 

(d: cotwentrdtlcr 0’ c~:o~rowce <$ 1 I 10m2Y (b: 40': (cl sun of d11 prodxtr 

Cc) f ioi (e) * 20s 

cepted for the Nonish type II reaction of ketones. Thus. 
the triplet state of cyclopropencs 1. 13 or 19 transfers a 

charge-transfer complex. Once formed, the charge 
transfer complex can transfer a proton from the y- 

H from the y-position of the side chain IO produce a position lo give the 1.5.biradical intermediate. 

I$-biradical intermediate which subsequently collapses 
IO give the observed photoproducts. Several results listed 
in Table 1 are of interest and merit comment. The 
relative rate constants for the triplet states of the cycio- 
propenes can be rationalized on the basis of structural 
considerations. Thus. the bentybxymethyl substituted 
cyclopropene 13 transfers a hydrogen three times more 
readily than the closely related 3-phenylpropyl sub 
stituted system.” The larger rate constant associated 
with the H-transfer reaction of cyclopropene 13 is un- 
doubtedly a reflection of the weaker bond dissociation 
energy of the y C-H bond when it is adjacent IO an 
O-atom. The failure to detect a reaction with the triplet 
state of cyclopropene 12 can also be readily understood 
since Ihe activation energy associated with this reaction 
will be very large.” The high quatum efficiency asso- 
ciated with cyclopropencs 13 and 19 is fully compatible 
with Ihe suggwion that the I$-biradical intermediate 
does MI revert IO starting material by reverse H-trans- 
fer. It is also of interest to note that the triplet lifetimes 
(see Table I) of the cyclopropenes are several hundred 
times greater than those for the related phenyl alkyl 
ketoncs.‘~’ The longer lifetime of the cyclopropenet may 
very well refkct the weaker C-H bond being formed in 
the abstraction reaction. In addition. the rate of H- 
abstraction is signiintly less than that for the phenyl 
ketone system. The much lower rate constant for H- 
abstraction is probably related IO radical delocalization 
of the tripkt state by the attached pbenyl groups and 
perhaps to a lower reactivity of the planar n-a* state. 

We had previously noted that transfer of a primary 
H-atom from the y-position to the n-n* triplet state of 
the cycbpropenc does not occur.” This was attributed 
IO tbc large activation energy associated with this reac- 
tion. Our results with the methylthiomcthyl cyclo- 
propems 1 and 5 show, however, that these systems do 
undergo H-atom transfer. One possibility IO account for 
the higher reactivity of the 3-helcro substituted cycb- 
propene system is that the excited zr.n* triplet state 
interacts with the electrons on the heteroatom to form a 

One final point worth mentioning is that the sensitized 
irradiation of the unsymmelrically substituted cycb- 
propene 6 proceeds via H-transfer IO the carbon bearing 
the Me group. The complete regbspecificity of the reac- 
tion is undoubtedly related IO the fact that the diradical 
produced on hydrogen transfer IO the Me bearing C atom 
allows maximum delocalization of the radical centers in 
the resulting diradical intermediate. 

In conclusion, the results obtained from this in- 
vestigation indicate that triplet states of tetrasubstituted 
cyclopropenes possessing y-hydrogens adjacent IO 
heteroatoms undergo ready intramokcular H-transfer. 
The rate constants for the H-abstraction reaction were 
found IO be quite high. We are continuing to examine the 
H-transfer reaction and will report additional limlings at 
a later date. 

SAL” 

Pnpamrion anA rri& ~mdized imddon of l~,3dphcnyl- 
)_melhlll~mdli~ryrloproprnc (1). To 8 solo continiq 3.6 ml 
of a 1.4M n-Buti sola in heunc was d&d 
0.68 g rctramcthytcnediamine. T?ie sola was kcp( II 20’ arid then 
5 ml dimethyl su&le was added. Tk mixture was stied for 
4.5 hr and was then added IO a suspension conuiniaq 750 tug 
triphcnylcycbpropenyI percNonte in X3 ml Ietnhydrofunn. 
After stirri~ 81 W for 4 hr. the excess Li reagent was destroyed 
by the addition of MeOH. The organic layer was extnckd with 
ether. wrsbzd with water and dried over MgSO,. Removal of tbc 
solvenr left 6SOmmg of 1 L( a crysullinc solid. m.p. 666’7; IR 
(KBr) 3.28. 3.45. 5.52.6.24, 6.75. 7.00.8.15. 9.30. 9.90. 11.1s aad 
13.U)r; UV (95% EtOH) 22S. 314 and 33onm (4 26100. 24700 
and 21500); NMR (CDCI,. 6OMHr) 8 2.02 (J. 3HL 3.50 (I. 2HI 
and 6.9S7.85 (m. ISHI; m/e 328 (M’). 313.267.205.204. 178 aad 
77 @a~). (Found: C. 84.05; H. 6.14. Cdc. for Cd&&: C. 84.10; 
H. 6.14%). 

A soln corll8hing 120 lTl# of lbe above cycbpfopenc and 1s mg 
thiounhone in l7Oml tcrv.cac was imdhled with a 450-W 
Han&a lamp equipped with a Uranium &sr filer for 1 hr under 
m argon almospberc. Rtmovd of I& solvent left a yellow oil 

which was subjcckd to silk pl cbromrmpby using hexane 
u the clwnt. The major compoacnl isolated coabirbcd lO6mg 
(90%) 2 as a crystattiac solid. m.p. 2OUO4’; IR (KBr) 3.2% 6.27. 
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6.98.7.28.9.4S. 9.80, 10.20. 10.63, 13.3S. I4.04 and 14.81 p; NMR 
ICDCI,. 60 MHz) 6 3.30 Id. ZH. J = 12.0 Htl. 3.47 Ir. IHt. 3.65 (d. 
2H. J ~~12.0Hz)~rnd 6.69-7.45 (m. IJH); & 328‘&4’).~~%5. G 
and 77. (Found: C. 84.16; H. 6.18. Calc. for Cr,Hx,!l: C. 84.10: H. 
6.14%). 

Fur&r support for the structure of 2 was obtained by a 
phototxtrusion reaction of sulfur. A soln contain& 100 mg of 2 
and IO ml trirnctbylpbosphi~e WPI irradirted in a Qmrtz tube with 
I IS&W Hanovia lamp equipped with a Vycor filter skcvc for 
33hr. The excess IrimtIhylpksphile was removed under 
reduced pressure and cnde mixture was chromrtograpkd on a 
silica pl column using a S% etkr-kuk mixture as tk &rent. 
Tk makr compoknt isolated contrikd 80 mg of a colorkrr oil 
whose ~truclwc was assigned as 4; IR (neat) 3.28. 3.31.6.20.6.32, 
6.400,6.75.6.95.7.00.7.20,7.32,9.%6.9.8S. Il.2S. 13.31. 13.80 and 
14.70~; UV (9S% EtOHl 24Onm (r 18oool: NMR (CDCI,. 
6OMHzl 6 4.98 IJ. 2Hl. S.21 Is. IHI. S.63 Is. 2Hl and 7.&7.S7 Im. 
ISH); i& 296 (M’). 219. 202. IIS;- a&77. iFour& C. 93.101 
H. 6.82. Calc. for Cz,Hc C. 93.20; H. 6.80%). 

Compound 4 was also prepared from tk pyrolysis of 3. A soln 
containing I48mg of 2. 2ml AcDH and 2ml 10% H,O, was 
kated at 9(p for 2 hr. The mixture was cookd and -then an 
additiorml I ml of 10% H,Ch was added. After katimz for 2 br tk 
soln was diluted with ldmi water and was extracts with etkr. 
The etkr layer was washed with water and dried over &SO,. 
Removal of tk solvent w&r reduced pressure kft I3S mg (6S%) 
of a crystallik solid, mp. l69-l7Ip. whose structure was asrig. 
ned a.-$ IR (KBrl 3.28: 3.66. 6.30. 6.78. 7.00. 7.80. 8.18. 8.8& 
I1.30. 12.81. l3.U and 14.82 Y: NMR ICDCI.. 60 MHzt 6 3.17 Is. 
IH). -3.S7 (d. 2H. J = l4.OHzl. 3.8S‘Id. 2H. J = 14.0Hzl and 
6.3s7.26 (m, ISHl. 

A 3SOmg sample of 3 was healed in a dash vacuum pyrolysis 
apparatus at 0.003nm with tk oven held at 62S’. Tk material 
Ihat vu colkcled on tk liquid nilrogen cold huger was identical 
in every detail with a sample of 4 isolated from [he pbotolysis of 
2 in the presence of trimethylphosphite. 

Prrpamtion of I.2 - diphtnyl - 3 - mrrhyl . 3 . mcrhyl- 
rhiomefhylcyclopmprnr (5) and I.3 - diphmyl - 2 . mrrhyl . 3 . 
mtrhylrliomtrhylcyclopropent (0. To a suspension containing 
3.01 mcthyldipknylcyclopropenyl perchlorate in 2OOml tctra- 
hydrofuron II -78” vu added 0.02 Mok mcthylthbmethyl- 
lithium-TMEDA soln in teinhydrofunn. Tk mixture was stirred 
at -78” for 4hr and wu then quenched by the addition of 
MeOH. The organic layer was I&n up in etkr. washed viIh 
waler and dried over M&J,. Removal of tk solvent under 
reduced pressure left a yellow oil which was subjected to silica 
gel chromrt~phy usiru a 5% knzene-kxane mixlure as tk 
eluent. The ftrs~ fraction isdated contained 840 mg (3Ml of 5 as 
a ckar oil: IR (neat) 3.26, S.S6. 6.30. 6.7S. 6.96. 7.35. 8.12. 9.46, 
11.08. 13.Sl. 13.92 and 14.91 F; UV (9S% EtOH) 228. 318 and 
334 nm (4 132tXl. 23200 and 144&B; NMR (CD&. 60 MHz) 6 IS7 
t1.3Hl. 2.OS Is. 3Hl. 2.98 (I. 2Hl and 7.W7.86 (m. IOH); m/r 2Sl. 
XtS ad 77. (Found: C. 81.08: H. 6.137. Calc. for C,,H,xS: C. 
81.17; H. 6.81%). 

The second component isolated from tk column contained 
I.660 (64%) of a ckar oil whose SITUCIWUC was assigned as 6 IP 
(neat) 3.U. 5.40.6.26.6.71.6.94.7.06.8.08.9.38. 11.10. 13.32 and 
I4.3Ofi; UV I9S% EIOH) 26Onm (e 16000l: NMR ICDCI,. 
60 MHz) 6 2.02 Ir. 3Hl. 2.30 II. 3H). 3.28 tr.2H) and 7.CL7.65 (m. 
IOH); m/t 766.2SI, 2OS (base) and 77. (Found: C. 81.09; H. 6.8S. 
Calc. for C,,H,,!? C. 81.17: H, 6.81%). 

Tripkf sensitized inodiarion of I.2 - diphenyl - 3 . methyl .3 
mt~hylrhiomethyl . cyclopmpenr (9. A soln containing I2S nt~t of 
5 mud IS mg Ihioxan~hok in 200 ml benzene was irradiated with a 
4S&W Hanovin lamp equipped with a Uranium glass 5lIer sleeve 
for 2tu under an argon atmosphere. Tk solvent was conccn- 
trated under reduced pressure and tk residue was chrornato- 
mpkd on a silica cl column using a 5% knzek-kune 
mixtwe u the eluent 10 bve 89011 (75%) 0r 7 as a white 
crystah solid. m.p. IzCl2S’; IR (KBr) 3.30. 3.42, 6.28. 6.7s. 
6%. 7.30, 8.71. 9.45. 9.55. 9.82, 11.20. 13.31. IJ.tX and 14.42~: 
UV (95% EtOH! 222 nm te l3IKQ; NMR (CDCl,. 90 MHz) 6 1.30 
IJ. 3H). 3.07 II. IH). 3.16 (d. IH. J = 12.0Hzl. 3.30 (I. 2H). 3.36 
(d. IH. J = 12.0Hz) and 6.6h7.46 (m. IOH); mlr 21%. 2Sl rml77. 

(Four& C. #l/14: H. 6.83. Calc. for C,,H,& C. 81.17; H. 6.81%). 
Triplet snsirizcd inodiorion of Udiphmyl - 2 - methyl - 3 - 

mcfhyf~hiomcfhyl - rycloproprclr (0. A soln contsirting I IO a of 
6mdISmgcbiountboacinl70mlk~wuimdLIedwitbo 
4S&W HanovL lamp quipped with a Uranium &ss fikr sleeve 
for 2 hr under an wn rtmosphere. Removal of the solvent kft a 
yclbw oil which was subjected to silica @I cluomatogmpby 
using a 5% knrene-kxak mixkre as Ihe elkal. lk major 
compoknt isolated conbined 67 mg (61%) of I as I clear oil: IR 
(mot) 3.26, 6.2S. 6.70. 6.93. 9.40. 9.80, 13.82 rad 14.61 p: UV 
(95% EIOH) 280 nm te 2800); NMR (CDCI,. 90 MHz) 6 I.oB (d. 
3H. J = 7.0 Hz). 2.32 to. IH. J - 7.0 Hz). 325 (d. 2H. J = 12.0 Hz). 
3.48 (d. 2H. J = IZ.OHzl and 7.03-7.36 (m. IOH): mie 266 (M’l. 
2Sl Iksel. I89 and 77. tFound: C, 81.08: H. 6.8S. Calc. for 
C,,H,,S: C. 81.17: H. 6.81%). 

Prepamrion and ~ripkt sen&ztd imrdiaIior of 12.3 - triphenyl 
. 3 . mrrhoxy . mefhylcycloprcptnc (It). To a soln containing 
500 mg 9’ in 4Oml benzene at 5’ was added 1.35 ml of a 2S% soln 
of DIBAL in toluene. The mixture was stirred at 2S’ for 2 hr and 
was then quenched with a NH+Zlaq. The organic layer was taken 
up in ether. waskd with water and dried over MgSO,. Removal 
0i the solvent krt uo me (6896) 0r 1 hbik oil which WZS ar+ed 
as IO: IR (neat) 3.25. 3.40. S.89. 6.18. 6.28. 6.70. 6.95. 9.30. 9.4s. 
9.89, 11.200. 13.SO and 14.81 p; NMR (CD&. tiMHZ) 6 9.42 (J. 
IH) and 6.83-7.80 Im. ISH). The above rldchydc was reduced at 
0” with NaBH,. Standard workup gave II in 85% yield as a ckrr 
oil: IR Ineat) 2.92. 3.26. 3.40. 5.u). 6.28. 6.72. 6.92. 9.42. 9.80. 
11.21. I3.SOand 14.81 p; UV (95% EtOHl332.3lS and 228nrn(e 
ZlO@l. 24700 and 26ooot: NMR ICDCI,. 90 MHz) 6 IS3 Ibr. I. 
IH). 4.47 (J. 2Hl and 7.0&7.9O‘(m. l?Hl: mle.29q (M’j. 267 
(base) and 77. (Found: C. 88.42: H. 6.23. Cak. for CnH,,D: C. 
88S66: H. 6.08%). 

To a soln conmining l03mg of tk above alcohol in IS ml 
tetrahydrofuran was added 4Omg NaH. To this soln was ad&d 
I ml kxxmethylphospknmiddc and 3ml Mel. The soln was 
stirred at 4S’ for S hr and was tkn subjected to an rqueorr 
workup. The crude oil okained was chromst~pkd on a silica 
gel column using a S% acctom-hexnne mixture 15 lk elknl to 
give It2 mp (76%) of 12 as a clear oil; IR bc.at) 3.2X S.49.6.28. 
6.71. 6.92; 8.42. 9.20. 9.80. 10.41. 13.43 arid l&p; UV (9S% 
EtOHl 330. 314 and 228nm (e l!XXKt. 23300 and 23200): NMR 
(CCXI,. 60 MHz) 6 3.39 (I. 3H). 4.1 I tr. 2Hl and 6.97-7.86 (m. 
ISH); m/r 312 (M’l. 297 and 267. (Found: C. 88.10; H. 6.78. Calc. 
for C,,HapO: C. 88.42; H. 6.4S%l. 

Tk uiple~ sensitized irradiation of I2 with thiounthom for 
I6 hr gave back recovered starting makrial. 

Perpamrior and hplet snsiriztd hdiabon of 12.3 - oiphcnyl 
. 3 - bnz~o~ymerhylryclop~~~ (13). Treatment of 12 with 
NaH followed by reaction of tk alkoxidc with knzvl bromide 
according to tk- pro&we used above gave a 6S% bt 13 as a 
white crystallik solid, m.p. 92-93’; IR (KBrl 3.2S. SSO. 6.28. 
6.78,6.92,7.400.8.43,9.25.9.46,9.68. 11.21. 13.48 and 14.81 g; UV 
t9S% EtOHl 331. 314 and 228nm te 22800. 27000 and 2S3OOl: 
NMR tcDci,. 90~~~1 6 4.m (I. 2H). 4.60 IJ. 2Hl and 7.~7.7S 
(m. 2OHl; m/e 388 CM’. base) and 267. (Found: C..89.S0: H. 6.31. 
Calc. for CrvHH?,O: C. 89.6S; H. 6.23%). 

A soln containing 72 mg of I3 and IOmtt thioxanthone in 
17Oml benzene was irradiated with a 4SO-W Hanovh lamp 
quipped with a Uranium glass filter sleeve for l.S br. Removal 
of tk solvent followed by silica gel chromrt~pby usi a 5% 
ctkr-hexane mixtwe as tk elwnI gave two compounds. The 
first material elutcd contained S3 q g (73%) of a clear oil whose 
structure was asrigaed as era-14: IR (neat) 3.U. 6.2S. 6.70.6.92. 
9.35.9.4S. 9.80. 13.41 and 13.84p; NMR (CD& 9OMHzl 6 3.OS 
(I. IHl.4.39Id. 1H.J = 10.0Hzl.4.SOtd. IH.J= lO.OHzl.S38(r. 
IHl and 6.3&7.4S tm. 2OH); m/r 388’). 387. 311 and 77. (Found: 
C. 89.93; H. 6.U. Cak. for C&l&: C. 89.65; H. 6.23%). 

The second fraction isolated from tk column contaikd I8 m( 
(26%) of endo- as a cdorku oil; IR Ineat) 3.21.6.U. 6.70.6.91. 
9.SOo. 9.65. 13.32 and 13.67 fi: NMR (CDCI,, 90MHzl 6 3.00 (I. 
IHl. 4.49 (d. IH. J = 9.0Hzl. 4.76 (d. IH. J = 9.0 Hz). S.42 (1. IH) 
and 6.30-7.46 (m. 2OHl; mlt 388 IM’l.31 I and 77 Iksel. (Found: 
C. 89.37; H. 6.52. Calc. for Cax,O: C. 89.6S; H. 6.23%). 

Prcpamrion and rripler s*rri~izcd imrdiariun of N.N . dibnryl 



sob coDuinipl 34Om~ of 10. 3ml b&hi& 2.00 KrCO, 
cuboortrsod3drowdscislAcoHialalmletllcrwasstirred 
at 23. for IOhr. St&&d 4uwus workup kh I yellow solid 
which~~~froaMd))lto~e26~~(6096)oftbt 
N-bcllzyIimioc of 16, m.p. t27-IW; IR WI) 3.24. s.44, 6.08. 
6.~.6.70.6.9& ?.28,7.68.8.68.8.92,9.45,9.99, 1l.05.13.02. 13.24 
sod 14.51 ir; UV (9596 EtGH) 329. 313. 266~ (e 21100, 23200 
rad l87@): NMR (ct.Xi,. 90 MHz) d 4.70 (J.2H) and 7.28.1 (m, 
l6H); m/c 385 (hi’), 308,294 sod 267 (he). (Four& C. 90.18; H, 
6.06: N. 6.61. Cak. for C&,N: C. 90.35; H. 6.01; N. 7.00%). 

Attempts to reduce the C-N do&k boDd of 16 witb LAH 
resulted io reduction of the cycbpropcoc rir~ IO #vc 17, m.p. 
ll9-l2@; IR (KBr) 3.24. 6.25, 6.70, 6.90, 8.58, 8.70, 9.35, 9.80. 
11.05, 13.32 ami 14.59~; UV (9556 &OH) 268am (e IIIOO); 
NMR (CDCl,. #)MHr) 6 1.60 (br. I, lH), 2.7s (I, 2H). 2.95 (I, 

2H), 3.86 (J, 2H) and 6.81-7.42 (IW, 2OH); m/c 389 (N’). 299, 283 
(lmre) sod 269. (Fouad: C. 89.31; H, 7.04; N. 335. Calc. for 
C&,N: C, 89.42; H. 6.99; N. 3.60%). 

Tbc ovcr-redlhoa of the cycbpropcoc r+I# was cimlmvcntod 
by us& Lithium borohydride as the rcducia( mt. Tbc rcutioo 
wrrcuricdouthreth?rto~eI8hr~urdaroil;IR(~ut) 
3.23, 5.22.6.23.6.75,692, 7.10.9X& 9.4X9.86, 11.10. 13.62 ud 
14.70~: UV (95% EtGH) 331. 313 sod 226~ (e 19700. 23000 
lad t1600); NMR (cm,, WMHz) 8 1.9 (br. J, IH). 3.48 (J. 

2H), 3.78 (I. 2H) and 7.874.86 (m, 2OH). 
Tor~~on~lOOrapdtbclbovermint.#)mlEtS( 

aad 2.0~ KrCt3, io 3Om.l etbcr wu added 3 ml beozoyl c&&k. 
Star&d ip~ workup followed by siIica H column chromn- 
tograpby us* a 8% rttooc-hcuoc mixture as tbc clucr~t pve 
19 in 54% yield u a uysmiliac solid, m.p. l&137’; IR (KBr) 
3.26. S.52, 6.15, 6.28t8, 6.71. 6.92, 7.08. 7.70, 7.92, 8.53. 8.78.9.80, 
11.1s. 13.40, 13.92 utd I4.78g; UV (95% FJOH) 331. 313. 273 
snd 228om (e 14700. 19300, )(ooo sod 26300); NMR (CDCl,, 
9OMHr) 6 4.20 (br. J, 2If). 4.53 (br. I, 2H) and 6.76827 (m, 
UH): ndc 492 W). 401,387,280,267 and 105. (Found: C. 87.72; 
H, 6.00; N, 2.80. C&c. for &&No: C, 87.95; H. S.pJ; N, 
2.85%). 

To a solo contain& l00mg of tbc above N-bcnzoyhmiae in 
30mlttbcrwurddedJOmgLAH.AiterrtininOfor lObrrt25’. 
the rexthn w quc0cbsd with water. The organic layer was 
t&co up in ttbcr and drkd over MgSO,. Removal of tbs solvent 
u&r reduced pressure kft a y&w sdid which was rcc~ytti- 
lized from bunt to give 29 as a crystalhe solid, q .p. l49-l50? 
IR (KBr) 3.26, 5.S0, 6.27. 6.71. 6.90, 7.25. 7.10. 7.50. 7.68, 8.45. 
9.10.9.40.9.80. 10.31. ll.20. 13.43 & 14.61 Y: UV (m EtGHl 
331 hn (,.lti. 24ti and hO0,; NMR (t&i,. 90 MHz) S 3.r0 
(J. 2H), 3.50 (J. 4) Wd 7.0s7.70 (m. 2SH); m/r 478 (M‘). 4n 
(but) sad 267. (Found: C. 90.45; H. 6.62; N. 2.89. Calc. for 
C,,H,,N: C, WJ2: H, 6.54; N, 2.93%). 

M sttempts to isolate a chctcrizabk product from tbc 
Knsitizcd irradistbo of 2) failed. 

was iidhted witb a 20&w-Hulovh blp equip@ witb I 

Uranitun &ass filter sletvc for 3Omia. Rcmovrl of the solvent 
urulcr reduced pressure left a yellow oil whkb was subjected to 
preparative thick hpr chromatography us& a 8% acetone- 
&sane mixture as the clueat. Tbc major fractio8 isohted from 
tbc plate coataiocd 137 mg of uo-21 as a crystalhot solid. m.p. 
IUIU*. Ill (KBr) 3.26, 6.10. 6.28, 6.73, 6.94. 7.28, 7.45. 835. 
9.30. 9.80. 13.60 sod 14.60~; NMR (CDth 9OYHr) d 3.03 (I. 
IH). 4.08 (d. IH, J - ll.OIir). 4.58 (d, IH,-J - ll.Otiz). 5.58 (I, 

IH1 and 6.s7.66 hr. 25H): mle 492 (MO). 491 Ibuc). 100.386. 
3%. 3588,282 aad 268, (F&&C, 87.h; ii, 6.0; N,&. CLk: 
for &&NO: C, 87.95: H. 5.pi: N. 2.8S%). 

@antam ykfd dricnnina~ions. Quantum yields were dcta. 
mined usipr a “merry-go-round” apparstus” equip& with B 
45&W Hanovis Leap housed in a qusrtz well at the center of the 
c&age. Sampks io 13.run Pyrex lest tubes were dcpsscd to 
5 x IO-‘mm in five freeze-tluw cycles and tbcn se&d. Ben- 
~~~~~~ actinometry wu used for qlurltum yield 
dctermkmtioas. Ao actioomrter yield of 0.69 vu used w&o fJke 

cooc+lltntbRdkntopbcnnwMdkathydrollDbKlKUCWU 

0.1 bin For the seas&d runs a bka solo of potassh di. 
chromateioKrC~wucircuhtedthro~thcweUmltbc 
entircunitallowcdtorunfor lhrphortousc.nAUranium#us 
tutcr skevt &od Corning 7-54 Biters were also used ia cob 
juocthn witb the Bltcr soh. Tlu coocentrathrs were adjusted so 
tbatt&scnsitittrsbso&cdmorctht%%oftbeli&t.Ao&scs 
were performed by qlPDtiCIhve NMR rocctrorcopy. Tbs coo- 
versiomwmnm102556orkss.Tbtmassbhocchtbcscrum 
was geocrally better thaJl98%. frmu&ilbcBc was used as the 
triplet queochcr in tbc Stun-Vdmcr pbts. 
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