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Abstract - Photolysis of 2-phenylethyl bromide in the lower alcohols 

z 
avc the corresponding carbinole and ethcre aa the main 
-phenylethyl iodide, the producte were almost exclusive y of the latter E 

roducts. With 

ty e. 
g 

while G-phcn 1-1-butyl halides gave n-butylbenzene, G-phenyl- 
l- utene and tetra P in. 

It ie shown that each of these oroducts mav be assigned to an 
ionic or radical pathwa 

ug 
and that both the nature of th; solvent and 

the structure of the s atrate affect the course of photolyeie. There 
ie a substrate dependent preference for epecific reactlone-along 
pathways of both the radical and ionic types. The variations in 
product compoeition and distribution are rationalized in terms of the 
relative efficiencier furnished in these pathways for the relaxation 
of high energy intenmdiater produced in the initial stages of photo- 
lyeie. Intervention b 
cane of 2-phenylethyl 3: a%eP,hZA f’““K 

is more pronounced in the 
n t e cane of the higher homologuee 

and more effective in the ionic pathway. 

Recent work on the photolysis of alkyl halides in solution has shown that 

radical and ionic pathways generally compete with each other in these reaction g-11. 

The recognition of these types of pathways has been poeeible directly from the 

nature of the products formed in favourable cases. However, in others, this io 

not feasible and ambiguities of mechanism have remained. For instance, elimfna- 

tiono and cyclizations accompanying photolysis have been interpreted in terms of 

both ionic and radical pathways by different groupa of workers. Thus, the pre- 

ponderent formation of 3,7-dimethylocta-1,6-diene and E-menth-8-ene in the 

photolysis of citronellyl iodide in heptane has been rationalized in terms of an 

ionic pathway 7,8 . But, in the comparable study of G-phenyl-1-butyl iodide in 

benzene and acetonitrile, where only an elimination product was observed. a 

radical pathway has been suggested on the baeie of the consideration that the 

yield of the product was lowered in the presence of oxygen l”*ll. The authors felt 

that a similar pathway was most probably involved in the case of citronellyl 

articularly in view of the hydrocarbon solvent employed and existing 
;;;:;:,:$P5 

on cyclization reactions proceeding through radical intermediates. 

The present work on 2-phenylethyl and G-phenyl-1-butyl halides in the lower 

alcohole was undertaken for obtaining further clarification of the nature of this 

reaction. The results have not only clarified the nature of the elimination and 

cyclization reactions, but also given valuable information on details of the 

mechaniame involved. The individual reactions taking place along radical and 

ionic pathways have been found to show interesting variations depending upon the 

nature of the substrate and the solvent employed. Intervention by the aryl group 

eeema to be an important factor affecting reaction8 through ionic pathways. 

RESULTS 

The photolyser of 2-phenylethyl halide8 (la, Lb) and G-phenyl-1-butyl 

halides (a, b) were carried out in methanol, ethanol and isopropanol and the 

ccupoeition of the product mixture obtained for each substrate was determined 
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from CLC peak intensities. The reeulte for ;ia,lp and la,b are ‘shown in Tables 

2 and 3 respectively. 

Ph-x 
I 

Ph-X 
2 

F&AR* 
HO 

la : X l Br 

tb:x= I - 

2 
R2 

5 6 7 - - 
The product8 obtained in significant amount8 were of five types8 ethers, 

carbinole and product8 of reduction, elimination qnd cyclization (Table 1). With 

the bromide, La, the msin product8 were the corresponding ethers (4) and the 

carbinole (3). Ether formtion wan the dominant reaction in methanol and ethanol, 

and thi8 was more so when the substrate wae changed to 2-phenylethyl iodide, Lb, 

which gave exclusively the correeponding ethers. 

TABLE 1 - PRODUCTS OF PHOTOLYSIS 

Starting halide8 Product8 

Radical pathway Ionic pathway 

Ia (XIEr) 

lb (X-1) 

2a (X-Br) 

b (X-1) 

The photolyeis of 6-phenyl-1-butyl halides, however, furniehed an altogether 

different set of products comprising Q-butylbentene (5), G-phenyl-1-butenc (5) 

and tetralin (_?I in practically all case8 except one. With the iodide as substrate 

and methanol ae solvent. very small amount8 of the methyl ether were formed. This, 

however. does not detract very much from ‘the remarkable difference in the nature 

of the result8 obtained with these aubetratea. The main products here do not, 

unlike those frost ia and Lb. have incorporated in them switiea coming fro88 the 

solvent molecules. 

Table 2 - Products of Photolysie of Ph-CH2-CH,-CH,-CH,-X 

X Solvent Time of Compoeition of product8 (% of total.CLC) Unidenti- 
RlR2CHOH irradia- fied minor 

tion (hre) 
s 6 I !! 

component8 

Br Rl-R-H 27 11 48 40 Nil 

R1-H;R244e 37 16 48 30 11 6 

R1-R2-He 36 26 19 62 t, 13 

I Rl=R2-H 10 7 60 23 5 5 

R1*HrR244e 15 10 63 26 Nil 

Rl-R2-He 18 28 20 44 11 8 
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Table 3 - Product8 of photolysis of P’h-CH2-Cl+X 

X Solvent Tima of Composition af products (X of total, CL0 Unidenti- 
RlR2CHOH Lrradfa- fied II&nor 

tion (hrs) 
2 4 r 

component8 

Br Rl*R2-?i 50 25 65 9 

R1-H~R2-He 50 2?8 6S 8 

R1mR2+e 48 4ob 40 17 3 

I RI-R2-H 23 80 20 

RI-H;R2-Me 20 64 10 2s 

RI-R2+e 20 55 30 15 

‘The KKR spectrum of this sample showed that it is not a8 pure au the product 
obtained in methanol. However, chromic acid oxidation of the material gave 
about 85% of the corresponding ketone. 

b The .N!fR spectrum of the product su e8t8 
aample is appreciable. It appears P 

that the impurity level in this 
ikaly that isopropyl bromide gets formed 

in the reaction mixture and that secondary photolyais interferes with the 
results. 

Another interesting anpact of these reuulto is the formation of compara- 

tively large amounts of tetralfn from za and 2_b, which is in sharp contrast to 

the behaviour observed earlier for _?e. in benzene and acetonitrile 10.11 . 

DISCUSSION 

Product8 and Pathways: The nature of the product8 obtained from ia and &b shows 

unambiguouely the preoence of both radical and ionic pathways for photolyeia in 

the alcoholic solvent8 employed here and provide8 a baeis for a qualitative 

grouping of products and pathway8 as shown in Table 1. The ethers. i, are 

undoubtedly formed from the 2-phenylethyl cation intermediate. Similarly,only a 

radical pathway is feasible for the earbfnols, 2. The predominant formation of 

ether8 in methanol and ethanol in the case of the bromide and in all the three 

alcohol% for the iodide ohowe that photolysis proceed8 mostly through ionic path- 

uays in them solvents. Consistency would, therefore, require that the same. 

would be true in the caee of 4-phenyf-l-bury1 hslides also, unless there are 

etrong enough rea8ons for an abrupt change in mechanism. For the ionic path to 

be dominant for the latter group of halides, formation of 5 and 1 ha8 to be 

through ionic pathways. a-Butylbenzene (1) is obviously formed through hydrogen 

abstraction by the f-phenyl-1-butyl radical. 

There are a number of other considerations which also point to the uame 

conclusion, As already noted above, an earlier etudy on lb gave 6 aa the product 

and the formation of 1 was negligibly anaalllO*ll. On the basis of the conside- 

ration that the yield of 1 was reduced in presence of oxygen, it was regarded as 

arising through a radical pathway. This is merely a possibility and not a 

forcing conclusion. If the sequence of reactions accompanying photoexcitation 

involve8 tha conversion of an initially formed radical pair into an ion pair as 

poetuleted by Kropp and coworkere3, such a conclusion would not be tenable. 

With ~-phenyl*Z-iod~ethyl-1-butene CS} in acetonitrtle, cyclizaticm to 2 became 

an importent reactton 11 with the concomitant formation of.even larger amotmto of 

a oolvolyeis product Clip) nuggeeting that the factor responsible for thie 

difference in the course of the reaction ie the re8onance etabilieation of the 
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allylic cation, zb, that would prceuambly be generated from the eubrtrate. The 

conclueion of the authors was that there wae a genuine mechanietic transition in 

02 ‘e x 
11 - 

0 a X 
H 
12 - 

Ilo:X=HZ , - llb:XaC& 120:X=H2,12b:X=CH2 - - 

the change of substrate from b to its allylic analogue (g). It appears to us more 

likely that both the olefin formation and cyclization reactions are taking place 

through cationic intermediates. The 4-phenyl-l-butyl cation, Ea. would be ex- 

pected to be a species of much higher energy and shorter life than its allylic 

analogue lib. - It is likely that it would,in the “hot”condition in which it is 

generated in photolyeis, eliminate a proton from P-carbon long before cyclization 

to tetralin, which involves a substantial reorientation of the side chain with 

respect to phenyl ring, can take place. It is of interest to note that PLelimina- 

tion is blocked in llb and the only possible reaction with solvent is eolvolyeie. - 
Cyclization would take place when the carbonium ion survives solvent attack long 

enough. When the present results are placed alongside with the earlier ones, it 

becomes clear that it is the change over to an alcoholic medium that has favoured 

the cyclization reaction in our experiments. It is this medium effect that enables 

us to distinguish between the ionic and radical pathways which are both, in 

principle, acceptable possibilities in this case. Although both routes are 

feasible, there is a difference between them in terms of the energetic6 involved. 

The presence of an alcohol will have little effect on radicals, while it will 

lower the energies of ionic intermediates by more effective aolvation. Moreover, 

the stabilization that results in the conversion of lla to 12a is much larger than - - 
for the corresponding set of radicals. For tetralin formation. an ionic pathway 

would therefore be the favoured one in an alcoholic medium. It is difficult to 

understand the observed medium effect in terms other than ionic. It will shortly 

be seen that the trends observable in the product composition can be rationalized 

satisfactorily only on the basis of the broad categorieation shown in Table-l. 

Substrate Structure and Course of Reactions: A remarkable aspect of the 

results obtained here, which is indicative of mechanistic detail,ie the 

apparent substrate dependent selectivity of reaction modes for each of the two 

types of pathways, ionic and radical. It will be convenient to discuss this along 

with variations in product proportion. While the specific ionic pathway preferred 

in the case of 2-phenylethyl halides is eolvolyeie, ite place is taken over by 

elimination and cycliration in the case of the 4-phenyl-1-butyl halides 
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rtudied. A rlmilar difference is found for radical pathwaya alro. With ia, the 

producta are the cubinolr 2, while with 2, n-butylbenrme (21 eeema to be the 

+y product formed through the radical pathway. The increase in yield of 1 and 

2 eraociated with change of solvent in the rariea from methanol to iaopropanol 

is in accordance with the increasing capacity of the rolventr to function as 

hydrogen donor.. 

For a dircuarion of the rignificancc of the rueceptibilitier or preferences 

for specific reaction oodee, wa rhall first conaider the ionic pathway. The 

cationic rpaciee generated from tha firrt group of subrtretea (2-phenylethyl 

halider) seemr to be highly prone to loar of energy through redirtributive and 

dissipatory procerrer to reach the UIM level a~ that of the ion that would be 

involved in normal solvolytic reactionr, for inatenca, aolvolyeia promoted by 

Ag+ ions. This relaxation procear ir apparently the formation of the well known 

phenonium ion (till6 fran the ion pair or the excited halide that is produced 

in the initial rtagea of photolyrir. It appear. moot likely that the phenonium 

ion is formed at the intimate ion pair stage. It ir obviously the proximity of 

the phony1 group that facilitates thir procera and prevent8 the formation of hot 

cetiona which can lead to elimination and rearrangement. It may be recalled here 

that formation of the phenonim ion aa an intermediate h;; been explicitly 

demonstrated in the photolyais of 2-phenylethyl merylate . But, in this case, 

a larger rider of possibilities in carbonium ion behaviour have actually been 

realized. With the correrponding halides aa rubrtretee in this study, energy 

108s from the excited rpecier concerned eeema to be more efficient. 

In the photolysis of G-phenyl-1-butyl iodide in methanol, only about 5% 

of the total of all products reprerentr rolvolyrie. In ethanol and isopropenol, 

thin reaction could not be detected. The rame wea the case with the correepond- 

ing bromide in all three alcohols. The formation of free, solvated end open 

chain cations (lla) from theee rubrtratea doee not, presumably, take place at - 
all or is reluctant at beet under the conditions of the prerent study. It ie 

obviously not through such en intermediate that the formation of tetrelin, en 

important reaction here, takes place. The formation of olefin (5) seeme to be 

distinctly greater from the iodide than from the bromide. The yield of 5 does 

not change much with the change of rolvent from methanol to ethanol8 but, in 

isopropanol, there is a sharp lowering. Theae varietionm are indicative of an 

ionic path for this product. An elimination reaction through an ionic pathway 

may, in principle, involve an ion pair or a free cationic interwdiate. When 

theee species are of high energy, the dirtinction between the two ir not 

rignificant becauee dissociation of the ion pair would be followed BO rapidly 

by proton elimination that it will be difficult to make out that the second 

procesr ir separate from the first. But, as these epeciee becaDs rtabler, either 

through interaction. with eolvent moleculer or through internal interactione and 

accompanying redfrtributions of energy, the poreibilitiee for alternative 

reactions tend to manifert. To what extent a competing reaction like cyclizetion 

would become manifert would depend upon the energy and entropy of activation 

involved. The energy of the rpecier muot be low enough for it to be sufficiently 

long lived, but, at the came time, it muat be high enough for it to be able to 

go over the activation barrier for the reaction. Aa the energy decreaser beyond 

an optirmnn value, the probability of such a reaction will decreeoe prograseively. 

A fully rolvated and free cation giving only l olvolytic reactionr would be et the 

lowest end of this energy scale. For the earlier rtudy on b in benzene end 

acotonitrile, the reactive rpecior concerned would preawbly be tawardr the top 
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of the scale. The region in which cyclixation would compete vith eliminaticm 

ir l omevhere in betveen. Thin io the region of stability of i&ic interwdiater 

ve are concerned with in the photolyria of 4-phenyl-1-butyl halides. Olefin 

form&ion ie probably wetly through dissociated and free ionr in which the 

C-H bonding electrone have yielded significently to the pull of the cationic 

charge. The decreased olefin yield in isopropanol ie beet understood in term. 

of the reduced capacity of the solvent to support dissociation of ion paire. 

The situation with respect to tetralin formation ir that the yielde 

do not show any definite trend in the eories of rolvents employed. However, 

as already noted, the reeultr in the alcoholic media are substantially different 

from thoee obtained in acetonitrile or benzene. The mOot probable l ource of 

this difference ie the rolvation that alcoholr can furnirh in an ionic pathway. 

We hove already considered in general terme the behaviours that can be dir- 

played by ionic intermediatee of energiee ranging from high to low. Speciar of 

very high energy would be too short lived to serve ae intermediate8 in the 

cyclization reaction. A free 4-phenyl-1-butyl cation fully solvated by an 

alcohol ie of too lw an energy for cyclization. The alcohol molecule would be 

too closely aeeociated with the cation in such a epeciee 18 . We wish to suggest 

that an ion pair of intermediate energy ir the most probable species through 

vhich tetralin ie formed. In the alcoholic medium, the ion pair energy ir 

lovered by salvation and the life time of the epeciee becomes long enough for 

the cycliution reaction to be feasible. It is of interart to note that the 

convereion of ga to Ea involvea n spreading of charge vhich would be expected 

to be facilitated by lowering of the dielectric constant of the medium. This 

effect rune counter to that of salvation vhich decreosee in the eerfes from 

methanol to isopropanol. It ie presumably the euperpoeition of positive and 

negative effects that resulte in the absence of any definite trend in tetralin 

yield. 

In the context of the present discussion, ecemz comments on the results 

obtained for the photolysir of citronellyl and other terpene iodide8 in heptane 

referred to earlier 7.8 are called for. In these experiments, a molar equivalent 

or more of triethylamine vae used for purposes of scavenging hydrogen iodide. 

It ir presumably the presence of the amine vhich ie responsible for the nature 

of the result.9 obtained. It appears likely that there ie association between 

the tvo dipolar epecies. It ir of interest to note that cyclization yields 

vere higher at higher temperaturee. Thin behwiour is consietent with the 

mechanistic rationalization suggested above. 

We shall now consider the peculiaritiee o f the radical pathways and the 

possible significance of the observed preferences for specific reactions. 

Table 2 shove that while 2-phenylethyl iodide does not give any product 

assignable to radical pathway, the correeponding bromide does. With the latter, 

the preferred reaction along the radical pathway eeeme to be the formation of 

carbinole (3) and not reduction. Thir tendency eeems to be revereed vhen the 

eubetrate le a 4-phenyl-l-butyl halide. When a diasoaiated end free G-phenyl- 

1-butyl radical reacts with one of the abundant eolvent molecules, the 

normally expected reaction is hydrogen abstraction fran the latter. Thin 

ie actually vhat is found. Hovever , in the ceee of the 2-phenylethyl 

radical, there is en apparent reluctance to react with the solvent in 

thin manner”. The species prefere, eeemingly, to couple with the carbinyl 

radical produced from the solvent through hydrogen abetraction by the halogen 

atom (bromine). If the 2-phenylethyl radical ie truly free from the influence 
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of other 8pecio8, thir ruction would b unnatural and unlikely. The indication 

hero is that the reaction ir taking place at the radical pair l tage, in uhich 

ca8e the preferential hydrogen abrtraction by the halogen at- can be understood. 

The generation of a carbinyl radical in clore proximity to the alkyl radical 

vould a100 facilitate coupling between the tvo. What 18 achieved 18 a radical 

double decomporiticm. Hwever , there mu8t be runething special about the 

2-phenylsthyl - bromine radical pair since it8 behaviour raenu to be different 

from that of the rimilar rpecier from 4-phenyl-1-butyl halides. The former 

18 apparently 8ufficiently long-lived to encounter a rolvent molecule a8 a single 

entity, while the latter di88OCiate8 readily into it8 component8 which drift 

rapidly away frapr each other. In the caee of the 2-phenylethyl - bromine 

radical pair, 8ome internal interaction reemr to have a stabilizing effect 

which ir mirsing in the 4-phenyl-1-butyl analogues. What is required to be con- 

ridered here ir the porribility of formation of bicyclic intermdiate8. We 

have already noted that conver8ion of the 4-phenyl-1-butyl radical into the 

radical 8nalogue of 12a ir not a favoured procare under the condition8 of this - 
study. Similarly, the conversion of an irolated 2-phenylethyl radical into the 

13 - 14 

radical analogue of 2, if it exirts at all, vould be more difficult than the 

form8tion of 13 it8elf. The i8omsriution of the neophyl radical, 14 to $ is, - 
of cour8e, bert vi8ualited a8 taking place through a rpiro radical stage , 

i.e. involving phenyl participation. But it ie doubtful if thir rtage reprerent8 

a true rewtion intermediate rather than a transition 8tate. There ie no clear 

evidence for a radical 8pecies of thir type. Even if it doe8 exist, its 

rtability may not be adequate for accounting for the behaviour observed. Howaver, 

the rituation in a radical pair can be different. Placing the odd electron 

of rpiro radical in an orbital of appropriately mixed character can produce a 

cmplex in which there ir partial charge tranrfer to the halogen. The develop- 

ment of mm8 phenonim bromide character will tend to rtabilize the speciee. On 

the8e consideratione, it would appear that the 2-phenylethyl - halogen radical 

pair my have 8ane ion pair character a8 well. Thir ir of con8iderable interart 

in the context of the likelihood of “intimate ion-radical pair” intermediates 

firrt 8Ugge8ted by Walling 22 
and later rupported by Cristol and his colleaguer 5 

who hnve pointed out that ion pair forumtim in the phOtOly8i8 of l lkyl halide8 

need not nece8urily be through an initially formed radical pair of the conven- 

tional type and that both type8 of intermediate8 IM~ have a common progenitor of 

mixed character . Further conrideration of this i88ue would be jurtifiable only 

when more evidence 18 available. 
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CONCLUSION 

The present study has not only confirmed that there ia a competition between 

radical and ionic pathway! in the photolyair of alkyl halides, but alro obtained 

valuable additional information on how the structure of the rubstrate and the 

nature of the solvent can influence the reactionr along these pathways. It har 

been porrible to get a clear indication of the nature of the pathways for all 

major products. Elimination and cyclization here oeem to take place through 

ionic intermediater . Although both groupr of halides react through radical and 

ionic pathwaye, there ie a striking difference between them in their preference 

for specific reactions of the radical and ionic types. The proximity of the 

aryl group in 2-phenylethyl halides makes it possible for the phenyl group to 

intervene in the reaction and bring about energy diesipation from excited 

species in both radical and ionic pathway., leading to the formntion of 2-phenyl- 

ethyl carbinole and ethere,rerpectively,ao product.. With the higher howlogues, 

aryl intervention, which leads to tetralin formation, takes place only in the 

ionic path and is less effective because of the large negative entropy factor 

involved. 

EXPERIMENTAL 

General remarkr: All b.pe are uncorrected. The following inrtrumen to were ured 
Zor spectral/analytical datar Perkin-Elmer Model 137-E IR spectrophotometer (IR)i 
Varian Associater T-60 NMR spectrometer (pHR)l CEC mass spectramster model 
21-1lOB (Hase, 70 eV, direct inlet ryrtem)r Aerograph model A-350B (GLC), calme: 
Analytical 180 cm x 0.6 cm Al calm packed with FPAP (20% carbowax, 20H reacted 
with nitroterephthalic acid on chrowaorb W 60-80 mesh). Pre aratfve calmr 
300 cm x 1.0 cm Al calm packed with 30% Hyprose S.P.80 on c K romosorb W 30-60 
mesh. PMR spectra were recorded in CC1 
etandard and the chemical rhifts are ex reesed B 

solution with TMS aa an internal 
in ppm. The solvents employed 

in the present study were purified by standard procedures. 

General procedure of irradiation: All irradiations were carried out with a 
bnovia 200 Watt high preerure lDarcu 
water cooled, quartz tiersion well 2 

lamp placed into an Ace double-welled, 
fch was fitted in a Pyrex reaction vessel 

f1 
e uipped with a magnetic bar, condenrer and a N inlet tube. A minute eteady 

ow of nitrogen wan maintained for about 20 miautee before the irradiation. 
Approximately 1 to 1.5% solution of halide in an ap ropriate 
an equivalent amount of zinc wool waa irradiated ti P 

rolvent along with 
1 a photoequilibrium mixture 

was obtained (30-50 hrs). Zinc wool wan removed bv filtration. the exceae 
solvent wan stripped off under reduced presrure. -The residue-was taken in ether 
and wae washed with 10% a 
The crude product obtaine 

j.o~2~~~v~;t~; and brine, dried over anhydrous NaaSO,,. 
solvent was distilled under reduce 

pressure. Each photolysie was repeated at leaet 3-4 timer and the results given 
in the tables represent the averager. 
1%. 

The GLC analyses were reproducible within 

23a ,b Preparation of the halides: The halides &a, lb were prepared by known methods . 

4-Phenyl-1-buty1.M (2a): This wae alro pre 
‘Involved the Clamaansen raduction of -benroy propionic P 

ared by a reported method which 

butyric acid24. 
acid to y -phenyl- 

The methyl eater of J e above acid on treatment wrth LAH 
afforded 4-phenyl-1-butanol which could be converted to its braDo derivative 
ucing PBr3. 

G-Phenyl-1-butyl iodide (2b): Treatmant of G-phenyl-l-butano12b with iodine and 
red phosphorur furniehed ae required compound. 

All the halidee gave ratiefactory spectral data and elemental analyses. 

Photoirradiatione: 

(1) 2-Phenylethyl.bmni& (la) in methyl alcohol: 
O.OSSr) in wthanol ( &lJ 

A solution of la (6.1 g, 

50 hre (90% conver&n, GLC). 
alonn with zinc wool (2.0 RI warn iryadiated for 

The product irolated aa &rcribed in the general 
procedure was distilled, b.p. llO-160’(bath)/15 OPI (4.10 g). A fractional 
dirtillation with a Vigreux colrrrpl followed by preparative CLC (FPAP, 30X, 170.. 
H2 50 ml/min) afforded the following pure compound.. 
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Methyl 2-phUky1.thy1 ether (4, Rl+-H)l b.p. 121-3'/14 -1 IRI 1124 cm-', PMRr 
, 3.50 (a, 2H) and 3.23 (a, 3H). (An l utheotic l 

?lC l reaction of sodium salt of 2-phenplethenol wit 

(3, R%-R2-H)t b.p.95-103.14 m. IR: 3279 cm-' and 1064 cm-', 
7.66 (t, 21). 1.83 @I, 2H), 3.53 (t, 2H) and 3.76 (br, 1H 

Lalcoholt A rolution of la in ethenol (4.74 g,O.O25M, 
:~6)m!!ik&?reeenc. of zinc wool (~2g) for 50 hr. afforded a 
;;;~:a!~~~~af:; hl. 122-!60*/10-12 PII. The total product wae found to CQID- 

1 
ethyl carbinol 3 ( 

2-phenylethylrthr 4 (R -H, R -He) and methyl-2-phenyl- 
R -Me). A frectioniil d&rtil&ion furnirhed two frac- 

tiona. the fir.'E on b;ing rich in 4 while the second on. was enriched in 2. 
These fraction. were raparataly loaded on A1203 and eluted with pentane to yield 
3 and 2 in pure form. 

Ethyl 2-phenylethyl qtha (4) b.p. 115-20(bath)/20 mp~, IR: 1099 cm-‘~ WR:+7.1 
( 5H) 2 8 (t ZH) 3.1 To 3.8 (m, 4H) and 1.2 (t, 38)1 ml. 150 (18X, H ), 91 
cfhO%. t6H;CH2): lOS'(631, H-0CH2CH3) and 59 (70X, M-C6H5CH2). 

Methyl-2-phenylethyl carbinol (3) b. 
5' 

130-2'/14 =. IR: 3250 and 1100 cm-', 
'PAR8 7.13 (0, 5H)r 2.70 (m, 2W; 3.7 (q, LH), 1.5 (m. 2H) and 1.16 (d, 3H). 

(iii) Irradiation of la in Xropropmolr A rolution of Ia Fn iropropanol (4.74 g, 
0.025U LOU 1) contal-iiing zinc wool (~2 g) V.S photo'fyzed for 40 hrs. The 
produc; obta?.ned (3.5 g) b 

ir21 
LlO-150'/15 rmn, wao found to comprire 4, 3 

Sh:s.za~ 
and la in a A fraction.1 distillation u&g a 
m 

*Qroportion. 
l ?forded two cu l , Fr.1 b.p. 110-120 (bath)/15 m (1.5 g) and 

Fr.11 b.p. 120-130 (bath)/15 mm (1.38 g). 

Isopropyl-2-phony1 ethyl ether (4)s Fraction I was passed through a short Column 
t Al 0 ff d 
2.73 ?t? 5:): 30; -'3!';=:mf 3 "f; 

o=d (98%) IRI 1150 cm-11 PMR: 7.06 (8, ~H)I 
) and 1.1 id, 6H). An authentic remple of i wa8 

prepared by rolvolysir of the torylate from 2-phenyl-ethyl alcohol with iso- 
propanol. 

l,l-Dimethyl-3-phenyl-n-propmol (3)1 Fraction II from the above dercribed 
‘fractional di ination wao perrehthrou h a short columd of Al 0 to furnish 
pure 2, b.p. ::4*/15 mm. IR 3450 and 11 0 cm-18 F?lR: 7.0 (s,5H?,32.6 Cm, 2H), t 

kta 
7 (m, 2H), 1.23 (a, 6H) and 3.0 (br..s, lH, exchanger with D 0). 

agreed well with there of an authentic sample of 2 prepa I 
This spectral 

ed by the Grignard 
reaction of la with acetone. 

in me&lT along with 
(iv) Photo1 ais of lb in methyl alcoholr When a solution of lb (5.8 g, 0.025H) 

zinc wool (2 
product obtained (2.70 g) comprirad errential y i (80%) and three minor products. f 

) wa. irradiate3 for 23 hrn, the 

(v) Photo1 air of lb in ethyl .lcohol)t A rolution of lb (3.48 g, 0.015M) in 
ettuii*ckkalnl HaHCO CT g) was photolyrea for 20 hro to yield a 
product (1.35 g) which cG!riaed ? major cmonent (64%) and a few minor products 
(together conrtitutiag 20% of the total) alon with unreacted lb. The major 
product wan reparated as deecribed in (ii) an % wan identified iis i. 

(vi) Irradiation of lb in iropropanolt Similar irradiation of lb (3.48 g) in iso- 
propanol (400 1) for 26 hrs furnished a product (1.3 g) which comprised 3 (55%) 
and unreacted ?b (30%). 

(vii) Irradiation of 2a in methanol: A rolution of 2a (1.08 
raethano -1 ) when photol$ed for 7 hre yielded a 
EXXON= j:1~~~~~-~~""l*th)~30 mm. 

1 
0.005 mole) in 

The total product was found to 

160'. 
l pproxtitely in a 1x4:3 ratio. Preparative GLC (FFAP 30X, 

H2 5O-k7min) 'burnished three componento in pure form. 

benzene (5); b.p. 78-00'/24 W) LRc 705, 750 cm-', PKR; 7.13 (s, 5H), 2.6 
. 1-B Cm,-GH) and 0.96 (ill-defined triplet, 3H). _ 

4-Phenyl-1-butene (6): b. 
22-ZY( 4m l iid 3' 

64-66'/10 URDI IRr 1640, 925 cm-'! PMR: 7.1 (8, 5H), 
4.7 - 5.13 (m, 3H). 

CiH5 CH;) ,"A 42 (12%. ally1 cation). 
Hare: m/e 132 (18X, H+), 91 (100%. 

ralin (7): b. 
- !' 

90-lo/17 ml PMR: 6.96 (a, 4H). 2.73 (m, 4H) and 1.80 (m, 4H)r 
sat m e T32 (6 X ti), 104 (100X, M-C2H4) and 91 (49%. C6H5CH2). 

Irradiation of 2a in ethyl and isopropyl l lcoholrr Photolyees of ?a in ethyl end 
~~~gf~p$;_alcoholr furniohed the product8 1, 5 and 1 in varying proportione 

Irradiation of 2b in methyl, ethyl and ieoproppl alcoholo: Photo1 
carried out rep'i;rately employlag methyl, ethyl and isopropyl alto 010 aa ados- h 

se. of 2b were 

cribed in the eneral rocedure 
preparative CL ! (FFAP SO%, 160-5: 

The roducts 5, 6 and 7 were separated b 
H2 10 ml/minT aiid hevz been ahown in Ta i: le 2. 

4-Phenylbutylw1 ether: b.p. 108*/11 mm. PHRr 7.10 (B, 5H), 2.60 (m, 2H), 1.60 
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(m, 4H), 3.23 (m, SH). 

Oxidatioa of Methyl-2-ph. 
T25b mg) t&win ether 

binol 
( 

(3, %-iI, 

rtirring for 0.5 hr. main 
treated Fith chr&:%:: r!!+2r9h~k 

85%). I 
irolate~Raf;;;oa~t 

tomporaturo at about O*C. 
dard work-up wee dirtillod, b. 

l product 

-p: R4Rr 7.16 (8, 5H), 2.73 (P, 4 ) and 2.06 (I, 3H). 1' 
lOO-lZO'(bath)/20 II (212 qg, 
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