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Ati- The bcnzophenone-scnsl~,z.cd photolrsls of bcnzaldchyde anil m anhydrous akohohc solvcnrs 

man atmosphere of oxygen leads mainly to the formauon of bcnzaldchyde and aruhne. The mcorporaIlon 

of oxygen has been shown not IO tnvolve direct attack on the substrate but rather rhe formatIon of water 

and hydrogen peroxide. Each of rhcsc reagents can effect the photo-msltircd hydrolysis of the aml. but 
the contribution by water is minor compared to that by hydrogen peroxIde. Other mmor products formed 

in the reacllon arc 1.2.N.N’.~etraphcnylethylenediaminc and 2-phenylqumohne. Other imines arc shown 
to u&ergo similar photochemical hydrolysis. 

INTRODUCTION 

THE photochemical behavior of compounds containing the C-N bond as the 
central structural feature has been the subject of a number of investigations.’ In a 
previous paper* it was reported that tbe monoanil of bcnzil (I) undergoes a photo- 
chemical oxidation to an oxazirane, (II) which in turn rearranges to N, Ndibcnzoyl- 
aniline (III). Subsequent photochemical processes gave the reaction such compkxity 
that benAdehyde anil (IV) was selected as a simpler model for the study of the photo- 
chemical oxidation. The sensitizal photolysis of this anil in the presence of oxygen, 
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however, led mainly to the formation of bcnzaldehyde and aniline as primary products, 
so that in effect a photochemical hydrolysis had taken place. We present here the 
results of our studies aimed at elucidating the nature of this hydrolytic process. 

RESULTS AND DISCUSSION 

When a solution of benzaldehydc anil in ethanol or isopropanol is left to stand in 
the dark for 18 hr in an atmosphere of oxygen, no hydrolysis is obscrved, irrespective 
of the pmce or absence of benzophenone as sensitizer. The subsequent irradiation 
of such a mixture leads to the disappearance of tbc substrate with the formation of 
benzaldehydc and aniline only when the sensitizer is PreJcnt. The latter is recovered 
unchanged after termination of tbc reaction. The quantitative data of these experiments 
are listed in Tabk 1.. 

l IO aWcl ollbc ra&ms anploying ahanol ax Soivcnl. quuuilia 0(2-Pbalylquinolinc were obtainai 
in yidb varying hMn e14% dcpuAn# 00 the faction am4wofu.s 

3085 



3086 R. L. FUREY and R. 0. KAS 

The yields of aniline obtained in this work are not comparabk to those of benz- 
aldchyde since aniline undergoes a second photochemical reaction6 leading largely 
to polymeric materials. This process is retarded when the irradiation is conducted at 
- 70‘. at which time the ratio aniline/benAdehyde increases The hydrolysis of an 
anil being a reversible process, the contribution to recovered substrate ma& by the 
recombination of the products must be ruled out. This was done without difhculty 
by the demonstration that a solution of benzaldehyde and aniline in concentrations 
comparable to those used in our work contained no detectable anil tier sensitized 
irradiations The results described above show conclusively that the hydrolysis of 
benzaldehyde anil is an irreversible photosensitzed process and that contributions 
of dark reactions are negligible. 

To distinguish between extraneously supplied oxygen gas and the solvent as the 
source of oxygen in the product, the reaction was studied also under atmospheres of 
commercial nitrogen and argon. Commericaf nitrogen is well known to contain 
appreciable amounts of oxygen,* and not unexpectedly Mdehyde was again 
observed as a product, but whereas formerly the yield of aldehyde was equivalent 
to the amount of substrate converted, in nitrogen much more substrate disappeared 
than could be accounted for by the (photochemically stable) benzaldehyde (Table 1). 
From the latter reactions other products could be isolated, such as l,ZN.N’-tetra- 
phenylethylenediamine. Interestingly the rate of substrate conversion is greater in 
nitrogen than in oxygen, a fact that is in agreement with the triplet quenching power 
of oxygen, which reduces the efficiency of the photosensitized reaction. To circumvent 
the dificulties inherent in the removal ofah traces of oxygen from nitrogen, we selected 
argon gas* to provide an atmosphere free of oxygen. Neghgibk amounts of benz- 
aldehyde formed during irradiations in an atmosphere of this gas, even though sub- 
strate disappearance was considerable, as may be seen from Table 1. Resides large 
amounts of polymeric material, considerable amounts of 1,2,N,N’-tetraphenyle- 
thylenediamine could again be isolated. The need for oxygen gas in the photochemical 
hydrolysis is thus demonstrated. 

Light Gas Tune (hr) ~pbeao~ “/. Anil rwxcd 7; BauakkhydcL 
_ _ _ __- - - .- .-. - - _-. 

01 ta - 0 0 
- 01 ta 1OOmg 0 0 

+ 01 12 - 0 0 

+ 01 12 100 mg 17 16 

+ N, I2 100 mg 63 I4 

+ Ar 12 1OOmg 59 2 

’ The yicld~ of bcnzakkhyde reported in all Tabla arc determined by GLC (*zo/,, sod 

arc bnxd on the total amount of anil prcacnt at the start of the irradktioa All numbcrr arc 

based on rcprodtibk duplicate runs. 

l High Purity grade nitrogen (tiade) contains no less than 001% 0, according to the maoufactura. 

CakuLtions have shown this amouot to be more than ruflicicnt to aaxxmt foe all oxidation products 

formed; Argon gas (99996 7:) contains less than IO ppn O1. whtch is appror Oool %. 
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It was attractive to postulate the formation of a nitrone (V), or its corresponding 
oxazirane (VI), as an intermediate leading to hydrolysis products Accordingly 
u_NdiphenyInitrone was irradiated in ethanol in the presence of benzophenone, but 
the only product obtained was N,Ndiphenylformamide (VII), analogous to the type 
of rearrangement reported in our earlier work* and by Splitter and Calvin.‘: 
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Since the oxazirane of WIdehyde anil is not available by synthesis, due to its 
instability, we studied tbe photochemical behavior of the analogous oxazirane (VIII) 
and nitrone (IX) of benzaldehyde Ncyclohexylimine. This imine undergoes photo- 
chemical hydrolysis to benxaldehyde and cyclohexylamine in a fashion identical 
with that of the anil. The nitrone of this imine, upon irradiation, was converted 
quantitatively to the oxazirane, while the latter, on prolonged irradiation, yielded 
only N-cyclohexylbenzamide (X). These results indicate that if hydrolysis were to 
occur via attack of oxygen on substrate or vice versa, no intermediate oxazirane or 
nitrooc is involved. 

? 
Ptt-CH-N-CC,H,, h-?, Ph &‘bN. C,H,, -hL Ph--CSNH- C,H, , 

1X “Ill X 

A second alternative is the formation of the cyclic intermediate (XI) shown below. 
(r .o 

P!I- LH -!J .P!I 

XI 

However, such an intermediate may be expected to undergo fmion to tildehyde 
and nitrosobenzene. The latter material was never observed among the products, 
and when irradiated alone it was converted almost quantitatively to nitrobenxene, 
which was similarly absent from the products, notwithstanding its photochemical 
stability under the conditions employed in our work. It becan~ thus evident that 
oxygen was likely to be involved in an indirect fashion, and the role of water and 
hydrogen peroxide in the reaction were subsequently investigated. 

The efTect of the presence of water on the reaction is shown in Table 2. The data 
clearly demonstrate that although a dark reaction occurs in 95% aqueous ethanol, 
the rate of hydrolysis is greatly accelerated upon irradiation, but only in the presence 
of a sensitizer (benzophenone). It thus appears that in addition to usual hydrolysis, 
taking place presumably via the well-known polar mechanism, a photochemical 
hydrolysis occurs, in which excited substrate attacks water: 

[PhCH=N- W]’ + H,O - -Ph CH N -ph -. PhCH . + .NHPh- 

1 

I 
HO ‘H OH 

W--CH- NH-. -Ph - PhCHO + PhNHi 

I 
OH 
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TABU 2. &%tOPHF.WhT2-SEWTl7~) IRRAULATlOX5 W BENZALDFHYDI AhlL (1 g) IS 95”/. 
AQuFoI:S klHAN(X (400 ml) 

LighI Gas Time (hr) lbauow ~hilrac!cd %Bcsdd&ydc 
- _____ ------.-------.---. 

- 0, 12 - I5 14 

0, I2 IO0 mg I3 I2 
+ 0, I2 - I6 IS 
+ 0, I2 100 mg go 14 

Tbcre is no good evidence that favors one of the terminaI steps over the other ; pinacol 
formation can be expected to occur much slower than hydrogen loss, while 1,2- 
diphenylhydrazine is photochemically labile. 

Since Karl Fisher titrations of ethanol employed in our work showed it to contain 
less than 001% of water, the possibility that water is generated during the irradiation 
was investigated. Indeed, when substrate was added to a mixture of solvent and sensi- 
t&r that had been subjected to prior irradiation, the rate of subsequent photo- 
chemical hydrolysis was considerably greater than was the case when no prior irradi- 
ation had been performed. Thiseffect wasabsent when pre-irradiations wereconducted 
without sensitizer (Table 3, runs I-3): The amount of water generated during these 
pre-irradiations was determined again by Karl Fisher titrations It became evident, 

TABLE 3. THE CHWZI w PRE-IRRADIATION (w Ahw ADDlnoN w WATER lo Yxvwr-s&NSfnzmI wx~uiu5 
(400 ml) OS THE RATE OF suBsR)ui?m PHOTIXHMCAL HYDROLYSIS OF BEvzALDwYDE AWL (I gr 
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+ 
+ 17 I6 

+ 
+ 76 46 

+ 8 8 

+ 
+ 37 34 

+ 
+ 36’ 

+ 2 

l AU irradhtiom io ti wria wac arriad out under oxy-; bcnzc+foofbe ir the sensitizer employed 
’ Amount of rata formed, by titration: 620 mg f I2 mg 
’ In addition. 650 mg of water was added IO tbc solution. 

l Comparabk resulta Y~R abtainai wing aatophcnoac aod lluora~~m as saAhrs 
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however, that water was not the muin agent responsibk for the photochemical 
hydrolysis, by the demonstration that reaction mixtures containing solvent, sensitizer, 
substrate, and an amount of water precisely equal to that formed during pre- 
irradiations, underwent hydrolysis at rates minimal compared to those in which 
actual prc-irradiation had taken place (Tabk 3, runs 6 and 7). 

The possibility that photochemical oxidation of the solvent (ethanol) to acetic 
acid merely caused a rapid acidcatalyzed hydrolysis to occur was eliminated by 
showing the same enhancement in isopropanol (Table 3, runs 4 and 5) which is 
unlikely to form acidic oxidation prducts. 

The formation of water can be accounted for by a mechanistic sequence such as 
shown below, featuring hydrogen abstraction from the solvent by excited sensitizer 
as the first step (Eq. 1) followed by attack of oxygen on the solvent radical (Eq. 2). 
The resulting hydroxyhydroperoxide radical may then accept hydrogen from either 
solvent or sensitizer, leading to regeneration of the latter (Eq. 3). The homolytic fission 
of hydroxyhydroperoxides, occurring either as a dark or a light reaction can be 
followed by a disproportionation yielding water (Eq. 4). Further examples of termi- 
nation reactions are shown in Eq. 5.6 and 7. 

I’h,C=O* + ErOH + Ph,C 4DH + M<HOH (1) 

M~H-OH + 0, - MeCH4H (2) 
I 

GO* . 

McCH 4H + McCH,OH -. MeCH OH + M$H OH 
I I 
0 0. (or Ph&OH) 0 OH (of Ph,C=O) 

McCH4H - Me CH OH + HO. -. Me- C4H + H,O 
I 

O-OH A. A 

M4H4H + EtOH -. Me--CH(OH), + M$HADH 

(3) 

(4) 

(5) 

HO- + Ph,C--OH + H,O + Ph,C=O (6) 

2HO. + H,O, (7) 

Because the formation of water is irrevocably connected to that of hydroperoxides 
and hydrogen peroxide (Eq. 7) the effect of tbe Latter was investigated nut. Pitts 
et ol.” have suggested that hydrogen peroxide is the major peroxide formed upon 
irradiation of benxophenone in isopropanol and consequently we have limited our 
studies to hydrogen peroxide itself. 

Hydrogen peroxide is capabk of effecting some dark reaction with Mehyde 
anil The rate of this reaction is slightly enhanced upon irradiation in tbe absence of a 
sensitizer (Table 4). but noticeably so when a sensitizer is present. The slight enhance 
ment without a sensitixer is likely to be due to an mcrease in the concentration of 
hydroxyl radicals : 
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H,O, “‘ZHO * 

HO. + PbCH=NPh 4 Pb CH- N-Ph !!!. Ph<H-NH-Pb -. PbCHO + WNH, 

I I 
OH OH 

TAMI. 4. HYDROLYSIS OF BI(SZALLXHYDE ANIL (I g) IS WE PRFSLNC'E OF 3.2 ml OF 30": It,01 
IN FTHAM)I. (4a-l nil)' 

Tiaxfbr) Gas LigbI Sco!sitinx % Anil reacted % Bamklcbydc 
__ _ .- - - - - - -. .- - - - - - - 

I 01 - - 3 3 
I 02 + 7 7 
1 02 + btTlZOpheoOIlC 1R 17 

(100 m@ 

’ Similar figures arc obtained when N, IS used instead of 0, 

The observed rate-increasing effect of hydrogen peroxide upon sensitized photolysis 
can be accommodated by the fact that the excited (triplet) substrate has a greater 
diradical character than its ground state, increasing its reactivity towards hydroxyl 
radicals as well as undissociated hydrogen peroxide: 

PhCH=NPh* + H,O, or HO. + PhCH,-_N Ph - etc. 

OH 

Titration of pre-irradiated solvent-sensitizer mixtures demonstrated the presence of 
1.77 g of H,02 after 1 hr; the amount of anil that hydrolyzes after 1 hr of irradiation 
in this mixture (36 %) is almost the same as that obtained (40 %) after 1 hr irradiation 
in a solution to which 1.77 g of H,02 had been added. The substitution of an equal 
amount of water led only to 6% of hydrolysis in the same period of time. 

CONCLUSION 

From the data presented above it is evident that the photochemical hydrolysis of 
benzaldehyde anil occurs as a result of the photosensitized formation of water and 
hydrogen peroxide, each of which is capable of effecting a photosensitized hydrolysis. 
The slow disappearance of sensitircr during pre-irradiations. not observed during 
irradiations in the presence of substrate, is likely to be due to the formation of benz- 
pinacol and mixed pinacols, a process too slow to be capable of competing with 
hydrogen abstraction by PhKH-_N-Ph. An entirely analogous hydrolysis may be 

I 
OH 

observed with benzophenone anil, benzaldehyde N-cyclohexylimine and benzil 
monoanil. It is obvious that further quantitiration of the several processes involved 
necessitates quantum yield studies. 
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EXPERIMENTAL 

Genera/. Irradiations were carried out in a cylindnal Pyrex vaxd of 400 ml capacity. An appropriate 
gas was introduced through a frittal din: in tbe bottom of the vessel in order IO agitate the soln; the flow 
rate wax S-10 ml/min Tbc lamp usod wax a 450 watt Hanovia Hg arc which was surrounded by a Pyrex 
filIcr &eve IO eliminate light be&w 2800 A. Tbc lamp and filter were pkaxi in a quutx water pckct which 
wax imwncd in the soln IO be irradiated Tbc water jacket was daaed frequently with HQ to remove 
dcpoxiti left by the cooling water. 

The progress d tbc reaction was foUowaI by GLC &/or UV spectroscopy. 
Mps and bps were uncorrcctal Tbc gas chromatograpb umd wax an FB M Model 700 with Model 

24OTcmpcra1urc Progranm~ amI Bamc ionization &C&X The columns were stainksa staL 6 in x 4 m. 
containing 10% liquid p&se cm 60-80 d Diatoport W. The two liquid pba9e5 uxed were Carbowax 
20M aod Wcoac Gum Rubber GE SE-52 

In determining yidds by use d external slondardx, a standard boln of each produd wax uxed. 
Analyxca were performed by Spang Microanalytical Laboratory. Ann Arbor, Michigan and Galbraith 

Laboratoriw, Inc.. Kaoxvilk. Tcnnuscc. 
Absolute EtOH and isoopopxnol were dead by rcfluxing 900 ml of Ibc xolvcnt for 2 hr over 4 g Mg 

turnings in tbc prcacna of a fev drops CCI,. The solvenr was then distilled. 
Kml Fisckr timtbnr. The Karl Fin reagent had a water quivakmx cd 50 mg/ml. An aliquot 

(usually 50 ml) of cbe &I IO be determined was ~ranxferrcd by a flame-dried pipa IO an Erknmcya flask 
which had ban dried in an oven at IM” and codai in a dusiator. Tbc soln was titrated rapidly with 
KarlFixcbcrrugcnttotheappcaraacxofa permanent red-brown color. Tbe accuracy wax 02 ml reagcnr. 
cquiv to I.5 mg water per 50 ml. 

Peroxide defernhdms. An aliquot (5-10 ml) d the soln IO be dacrminal wax added with agitatmn 
to a soln of 2 g Nal in 50 ml water containing 3 ml A&H. The liberaled I, was titrakd with OIOON 
Na,S,O,. 

Benr&e/~# anil. Tbc procedure of Big&w and Ea~ough’ was followed exozpt rbat abs EIOH was 
used rather than 95% EtOH. 

z.N-Diplunylnirrone. A nuxturc of 109 g (01 mok) pbcnylhydroxylamine.‘” 106 8 (@I mole) bcnzaldc 
hydzmdI5gPnhydMgSO,inMOmlbeaocnewlslllowadto~intbc~atr~tempfor20hr. 
After fdtration d Ibe MgSO, the xoln wax conozntratcd under rcduccd prux IO a volume d IO0 ml and 
petrol was added IO precipitate Lhc prr~!ducc. The crude material was razrystallixad from MeOH-water 
to )?eld I5 g (76%) of product. m.p. 114-l 15”. (Reported” mp. 116”). 

Benzaldet~yde N-cyclohxylimLu. A mixture d 53 g (05 mok) bcanldcbydc and 49.5 g (05 mole) 
cyclohcxylamme wax dissolved in 200 ml ether. The sob wax wasbul wilh thra 20 ml ponionx 2% AcOH 
and thr& 20 ml portions Iv’/. NaHCO, aq, dried over Na,SO, and evaporarred. Dixtillation d the residue 
under reduced prcax. ykided 607 g (65%) product, b.p. 16&169”/30 mm (Reporta!” b.p. 28(r). 

Peramic add. To IO0 ml CHCl, were added 7.5 ml W& H,Ox and two drop d cone H,SO,. Ac,O 
(41 g.l was added dropwiac over a period d 30 mm whik the mixture wax stumd and coded tn ia. Stirring 
was conrioued for an additional 30 mm in rhc ia bath and 16 hr at room ~cmp, af~cr which the xoln wax 
added with xbaking IO 30 g P,O, in I00 ml CHCl, at 0”. After I5 min the ckar xoln wax Nrcral and the 
titer dctcrminrd iodometrially; tbc anhyd peracid xoln (2 ml) was added with agitation IO a soln of 2 g 
Nal in 50 ml waler conlammg 5 ml AcOH and 5 ml CHCI, The hbcrakd I, was titrated with OlOOK 
Na,S,O,. The volume rcquucd was I I.2 ml. cqutv IO 0213 g/ml pcraatr acid soln. 

Z-phenyl N-c-~rlohe.~!lnifrone 2.Cyclohexyl-3-phcnyloxaruanc (I g) was heated slowly IO I90 r\(rcr 
cooling, the nuxture wax trituramd with two I5 ml portions of boiling bexanc. The ckar soln upon cooling 
yielded he cryxtallioe product, m.p. 81-83”. (Reportad” m.p. 82-W). 

N-CycloluxylbnuomLfe. N-Cyclobcxylbcnxami& was -red by he Scbottcn-Baumann reaction, 
ax described by Chcronix and En~rikio.‘~ 

2-Pheny4uinolhr. One gram of 2-pbeaylquinoliae-60rboxylic acid (Aldrich Chemical Co.) wax heata! 
in an open tube at 2W for I hr. Upoo cooling the r&due wax extrutai with IO ml boiling hcxaoe to 
yield 300 mg (34%) 2-pbenylquinolinz mp. 81-83”. (Rcpor~cd” m.p. 81-82”). Picrate m.p. I89 19l’j 
(Reported” m.p. 187-188”) 

&nzll dM1. A mixture d 105 g (005 mole) barxil ud 10 g (01 I mole) anilk wax heated with 2 drop 
cone HCl at 13&14W lor 2 br in an l tmoghm dCOx. After coding UK mixture IO room ~anp. 25 ml 
95% EtOH was addcd. The crude poducr wax filtered ~IKI ~tallkd from 95% EtOH IO yield 208 g 
(5r4) ydlow bcnzil dianil m.p. I39lW. (Reported” m.p. 141-142”). 
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1.2,N.N’-T~raphnykhyl. A roln of 5Ul mg benil dianil io 40 ml a&d ether wu addui 
dropwire with magx&c rtirriog to a slurry d 2.5 g LAH m 25 ml ether. The mixture wm rdluxcd for 3 hr 
and left to rtlDd for 10 hr with continual rtirriag The cx~ hydride wn dcannpoud by the dropwise 
additioa of water. Tbe ether soht was scpamtai, dried over Na,SO, and cvaporatal under a rtram of N,. 
Totheredducwasadckd lOmldal:l~t~daba~EtOH.~poduawrofiltemd~rr- 
crystAllizd from 8 WEtOH UhXIUrt 10 Yield 18s mp (jr/3 0f IbC dhk UL~ l&167? (FOUDd: 

C 8564; H. 661; N. 7.70. C&z for C,,H,,N,: C. 8567; H. 6.64; N. 7a9/,’ IR: v_ (CHCI,) Uoo w, 
3000m.2880w.1600~llSOOaUV:i,(CH,CN)251m)l(c-29.500)~295m)r(c~3900).NMR 
(CtXI,tXI,~6 T (multipkt, 2OH). 5* T (doubkt. I - 6 c/h ZH), 55 T (brood 2H). 

bnroldrl~onil.AwlndI~gObennldehydc~mdl00mpbeatopbeaoDcia~ml 
rbrEtOHvu~ltedinrstramdO,for12hrduringwhicblime4~/,dthc~rert~u 
&tcrminaI by GLC TIM produa yidQ determinul by GL.C us@ external standa& wwc Wo/, beaz- 
aIdehyde+ 8% anilif~ and P/. 2-phcnylquinoline. 

Awhtd59Omg bcnnldchydtio#)OmlrbEtOHwrsmixcdwitbrcdnd~me~ilioeintbc 
sarnc ~lvcnt GLC showed that the lormation daail was ncgligibk The bcnzophcnonc-rcnr~t&r Irradi- 
rtioadthismixturekdonlytothedisappeanmx dmilincrodnoanilwaafomcd. 

Pmincdicltbn o/rk sck~ize. A win d 100 mg bmxophatonc io 400 ml rb EcOH wu allowad to 
~in~bcforIIhrwhikprring0,throu~rbewoln. Bmzakhy&anil(l~)Owas~addal 
aad tbc sob vu irrsdiatd for 12 hr. GLC lowal that 19% d tbc anil bad ractcd with formation of 
18% bcnzaklcbyde. 

Another soht d 100 mg anzOpbcnooe in 4&J ml rha EtOH wu irradirtal for 1 I hr. UV spectroscopy 
showed that essentially 111 d the seusitizr had disappeared. To this win VII added la g Mehyde 
aadla)mgbauopbeMmeaodIbesdnor~1imd~~lorIZhr.duringwhicbciw76~~dcbeMilreacred 
with formation of 46% bcnnldehyde. 

similar W d ructions WCR carried out using cquiv amounts d acztophenonc and 9-fluoreoonc as 
sanitizers aod ifopropanol aa wlvent. 

Irrudiolbn in rk presence o/peroxide. H,Olaq (3.2 ml) was ad&d to 400 ml abs EtOH. Tbc amount 
d the peroxide prcacof as determined by tltntion. was 098 g To this win wan added I+30 g hcnzakkhyde 
anil. After standing for I hr In the dark in a s&cam of 0,. GLC showed that 3’4 dthc anil had hydrolyzed. 
A rimllar win preparal in the sapmc marmcr was irracha1o.l for I hr. whereupon 7% hydrolysis occur&. 
A third wht containing 100 mg bcnzophcnoae in rdditioa to the perox& and lail was irndicltai for I hr. 
during which time Is”/. d the anil ractd with formation d 17% bclK&khydc and 1% aniline. 

Aoidenlicalmaof~(ion,wrrscarr#doutiaaN,~tm~e. 
IsoMon o/2-+ny4uindine. A soht d 2a g baurrldchy$c anil and 2al mg -one in 400 ml 

~bEtOHwar~tsdina~dO,for95hr.Tbcwlveotwu~undarrducadprasaDd 
the residue was digolval in ether and extracted with fcur 10 ml portions d IN HCI. Tbc aqueous extracts 
were made b&c with 25% NaOHaq and extraa~ with c&r. The organic extra& were combined, dried 
over Na,SO, and evapontad in a stream d N,. TIC residue was diswlval in a mixture d benzene and 
petrol and chromatograpbed on a column d I5 g alumina. Elution with I : I bcnznc-petrd yielded a 
solid which was rccryrtallizcd from petrol. The pwlc product melting at 81-83” was identical (m.p. aad 
picatc) with an authcntk samp+c d 2-pbmylquinolk prepared as decritxd above. 

Iso/orion o/ 1.2.N.N’-rrrrophcnylcrhy~~~~i~~. A win of liw) 8 bcnzaldchydc amI and 100 mg 
benzophenonc In 4C@ ml a bs EtOH was ~rradletcd for 20 hr III an atmosphere dargon GLC sbowad that 
oo Wldchydc anilioc, or 2-phct~ylquinoline had been formui. Tbe ~vcnt was diatilkd uada N, 
at raluaxl pras. dissolved in I :9 benzene petrol and chromat~pbal on 88 g alumina Elution with 
I :9 bcnzntpetrd yielded a solid which was r~lizzd fram a bcnzzn+McOH mixture The pure 
product, mp. 165167’ was identical (m.m.p. and s-m) to an authentic sampk d 1,2.N.N’-tctraphmyl- 
cthykncdiaminc. 

Irrodiar~ oj bcnzoldchyde N-cyc&kxylkinr. A win d 2a g btnnldeoyck NcydohexyIimirx and 
2Wmgbazophenoaein4CDmlrbEtOHwasirradjataiinastramdO,for6hr.Atthccnddthis 
period, the imine had disapparcd compktdy yiekling 34% baz&khyde and PA cyclohcxylaminc 
determined by GLC. 

Irrcdiution of qNdipkny&mnr. A win d 500 mg a.Ndiphmyl-nitroac and SO mg hcnz.opbcnonc 
in 400 ml l k EtOH was ~rradiatcd for 45 min. GLC showed chrt 2cyclohexyl-)_pbcnyloudrme was 
forrnul in 93% yield. 

fr&frrriun qa-phenyl-N-cyclokxylnfrrone. A win d 500 mg a-phc-nyl-N-cydohexylnitroac io 400 ml 
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aba EIOH was irradiated under 0s for I hr. GLC showed that 2cydohcxyl-3-phcttyloxazxatx was formed 
in89~~yicM. 

frrcdiuriat qf nirrosobcrucrtc. A aoltt of 500 mg oitr~bcnzcnc and 50 tng benzopbeaonc in 400 ml rb 
EIOH was irradiated under 0, for 4)~. The only pctxiuct detected by GLC was oitrobaumc in 95% 
yicbd. 

Irrdfmbn ofu&&te. A aoht d 2a g aniline and 2@3 tn~ bcnzophcnonc in 400 ml aba EtOH war irradi- 
~tcdundaO,.Aha66hr.onc halfdtbesubawatchdractaibu~nopmductsaxhdbe dctcctcdbyGLC. 

Acluovlcdgcmcnt -WC arc grateful IO Profcasor C. S. Foote for l+ful discussions. 
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