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Ah&met--The products of photolysis of n-butyl, n-amyl, Cheptyl, 2-phenylethyl, 3-phenylpropyl, 
Cphenylbutyl, phenylmethyl, I-phenylbutyl, l.ldiphenylethyl, and cyclohexyl axides were determined. 
Reactions were carried out to 5 % completion in O-10 molar benxene solution. The primary products of 
reaction are nitrogen and iminea derived from hydrogen, alkyl or aryl migration to nitrogen. Corrected for 
the statistical factor the migratory order is H : R, 5 : 1; $ : H, 1: 1; t$~ : R, 1: 1. For cyclohexyl axide only 
a-hydrogen migration occurs. 

The rate of nitrogen evolution was essentially the same for all the axides studied. The product distribution 
is unaffected by the presence of oxygen. Efficient photosensitization was achieved using chrysene and an 
appropriate lifter system. The product ratios were unchanged in the photosensitixed decomposition com- 
pared to the direct photolysis. 

The results of this study are explained in terms of very shortlived singlet and triplet electronically excited 
azidea. Evidence is stunma&& in favor of a closely synchronous migration of the a-subatituent with the 
departure of molecular nitrogen from the excited axide. Conformational factors operative in the ground 
states of the alkyl axidea may determine the migratory ratios and this possibility is d&cussed and evaluated. 

ORGANIC azides in general decompose either thermolytically or photolytically via 
loss of molecular nitrogen to yield products formally derived from a nitrene radical. 
Variations in the organic azide have led to synthetically and theoretically valuable 
results. Less studied and more complex is the photochemical decomposition of alkyl 
azides. 

Some areas of major uncertainty surround the photochemical decomposition of 
alkyl axides. For example, the question exists as to whether a discrete intermediary 
alkyl nitrene occurs in any of the photolyses reported thus far. The spin multiplicity 
of the alkyl nitrene or nitrenoid intermediate is not clearly established.** 3 

Earlier work has shown that the principal pathways for the photodecomposition 
involve the a-substituents either in migration to nitrogen&’ or fragmentative 
cleavage.’ 

hv 
RCH,-N, --N RCH=NH + CHs=N-R (5b) 

2 

OOH 

R- -Na E & RCH=NH + CO1 Vb) 
s 

RCH=O + RCH=NH (6) 

l This does not refer to ESR’ studies in solid matrices at 4°K. In these cases signals attributable to 
alkyl $trenes in the triplet ground state have been reported. 
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In the present study we sought to gain information about the transition state and 
intermediates in the photod~omposition of alkyl azides by means of three methods. 
First, by using triplet photosersi~~tion we hoped to generate a photoexcited triplet 
alkyl azide* and a triplet nitrene intermediate. Comparison of product dist~bution 
in the direct and photosensitized decompositions could yield information concerning 
the question of whether a singlet or triplet nitrene is involved in the direct photolysis. 

Second, by sufficient variation in the structure of the aikyl azides one could relate 
either rate of ~trogen evolution or composition of reaction products to conforma- 
tional factors, especially those prevailing at the carbon atom adjacent to the azido 

group- 
Third, by systematic variation of the substituent at he or-carbon atom through 

hydrogen, alkyl, and aryl, and by determining migratory ratios in the imina product, 
one could possibly estimate the importance of bridging of the a-substituent in the 
transition state for loss of nitrogen. 

RESULTS AND DISCUSSION 

In order to minimize the possibility of formation of secondary reaction products 
photolyses were carried out to 5% completion.+ Carbonyl products from imines, 
resulting from a-group ovation, were isolated as 2,4-DNP derivatives and separated 
by dry column chromatography. Good reproducibility was achieved using this 
method.$ 

For the first five azides listed in Table 1 one sees a remarkable constancy for the 
preference of hydrogen migration over alk yl group migratlon to nitrogen. The presence 
of a phenyl ring on the alkyi chain does not affect the ratio provided it is not in the 
cl-position. In the case of 4-heptyl azide (6) the structural situation is reversed, for now 
two alkyl groups are available for migration to nitrogen in contrast to the previous 
five entries. Hydrogen migrated in preference to alkyl, but alkyl Is about twice as 
competitive as might be expected from the prior examples (entries l-5). In the c+se of 
phenylmethyl azide (8) the phenyi : hydrogen ratio is unity. 1-Azidophenylbutahe (9) 
presents the situation in which one of each ; namely hydrogen, alkyl, and phenyl, is 
available for migration. Alkyl and phenyl group migration is equal and twice as great 
as hydrogen migration. Finally, in the case of cyclohexyl azide (7) only hydrogen 
migration occurs. 

The point emerges from these data that a significant degree of selectivity occurs in 
the product forming step. This contrasts with the lack of selectivity observed in the 
photochemicai decomposition of triarylmethyl azides both in the direct& and 
photosensitized 4c d~ompositions. Neglecting for the moment the question of the 
electronic spin multiplicity of the azide precursor, this selectivity is not at all expected 
if one assumes a high energy nitrene intermediate ; in fact it would appear contradictory. 

* In the case of triarylmcthyl tides no change in the product distribution was observed in the photo- 
sensitized reaction relative to the direct photol~tic decomposition.cc 

$ Selective phot~~o~~s~tion of benzophenone methyknine was observed to occur in the photolysis 
of l,~~ipbenyle~yl &de.% * Due to the photolability of the products in these reactions it is absolutely 
essential that any mechanistic discussion of products be based upon results from low conversions. 

$ This method6 is strongly rmmmended for quantitative separation of 2,4-DNP derivatives because 
it clearly yields results of high reproducibility. 
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TABLE 1’. MIORATQRY RAnos FOR HYDROGEN ALKYL AND F-HLUWL 

CORRECTBDpORl'HESTATlSTICALFAcloR 

Azide H R C,H, 

(1) CH,CH2CH,CH2Ns (l)b 5 1 
(2) CH,CH,CH,CH,CH,N, (2) 5 1 
(3) C,H,(CH,),N, (3) 5 1 
(4) C,H,(CH,),N, (4) 5 1 
(5) C,Hs(CH,),N, (5) 5 1 
(6) (CsHWHN, (6)b 5 2 
(7) cyclohexylN, (7) 1 
(8) C,H,CH,N, (87 1 1 
(9) CH,CH,CH,yHN, (9)b 1 2 2 

&HS 
(10) GH,),~--N, (10) 1 1 

’ 5 % completion of reaction for a10 M solution in C,H,. 
b Photosensitized decomposition was studied. 

In the alkyl axides under discussion that amount of electronic energy supplied upon 
excitation is around 100 kcal/mole while the bond dissociation energy of RN-N2 is 
around 40-50 kcal/mole. ‘* * Making the reasonable assumption that this excess 
electronic energy is rapidly converted into kinetic energy, it is clear that the excited 
azidc molecule has energy in excess of that required for dissooiation. Loss of molecular 
nitrogen offers a facile pathway for dissipation of a portion of this energy. The low 
energy requirement for cleavage of the N-N bond contributes to the short lifetime 
of the excited azide. If this lifetime is of the order of a few vibrations, i.e. ca. lo- ’ ’ xc, 
it is clear that no rotation in the molecule can occur prior to dissociation. Herein lies 
a possible rationalization of the observed migratory ratios. Assuming that the lifetime 
of the alkyl nitrene with respect to imine formation is less that lo- lo set, rotational 
equilibration in the excited state may not occur before group migration to nitrogen. 
This is essentially equivalent to saying that the group migration from the a-C atom is 
conoerted with nitrogen loss. Since the group tram to the departing nitrogen is the one 
which is stereoelectronically best situated for migration, a conformational analysis of 
the ground state of the alkyl azides should correlate the observed product ratios. 

First, however, it is appropriate to offer some evidence for the lifetimes of the 
electronicallyexcitedalkylazidesandalkylnitrenes. Forthealkylazidesnofluorescence 
at 77” K was observed for pure solids4b and the quantum yield for decomposition of 
ethyl tide in solution is unity.’ No quenching of azide by oxygen was observed and 
neither quenching by cis-piperylene nor its photoisomerization was observed.4i 
These two latter processes, however, would require a triplet excited from of the azide. 

Several independent linesofevidencepoint toaveryshort-livednitreneintermediate. 
First no bimolecular reaction of the alkyl nitrenes with the solvent benzene has been 
observed in the present study. Previous work indicated no more than 4% of these 
products.4b* h Photolysis of alkyl azides in isopropyl alcohol yielded no acetone by 
possible bimolecular photoreduction of an intermediary nitrene. Photolysis of alkyl 
axidea as pure liquids or in solution yielded no azo compounds of alkanes derived 
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from further photo&tic decomposition of precursor azo alkanes. Finally the data 
listed in Table 2 indicates the essential insensitivity of the rate of decomposition of the 
alkyl axide to variation in structure. 

TABLB 2. RELATIW RATES OP NITROOEN 
EVOLUTlONOfALKYL.4ZfDESAT~ 

R-N, Rate ReL 

=WW’J, 1 

WHz)J’J, @% 
WW,N, 097 
WW,N, 0.89 
WV+, 086 
C,H,CHCH,N, 089 
C&SW 1.78 

D Rate &tcrmined for 5 % conversion. 

The uniform absence of bimolecular reactions indicates that the rate constant for 
unimolecuiar rearrangement of the alkyl nitrene could be of the order of 106 see- ‘. 
Now if one accepts these approximate values for excited azide lifetime and rate 
constant for intr~ol~~~ r~~angement it follows that the conformation of the 
ground state is also the conformation of the transition state for rearrangement. Fig 1 
shows the geometric relationships between the migrating group and the incipient 
nitrenoid nitrogen (an angle of 115-120” for CN,N? is assumed).*O* * i The in-plane 
bending of the azido group, which has a small energy does not affect the argument 
because it simply offers another pathway for populating conformational minima.‘2 

R: R 
\n . . t 

RR*‘\:” N, 
‘C=N + 

‘.\> / \ 
NZ 

R” R’ 
\ 
‘N, 

FIG. 1 

A typical alkyl azide is stabilized by resonance contributors A and B.‘-’ 

e 
RCH,--N-kN[ - 

e 
RCH,--N=:=N - - - 

A B 

In terms of a ~p~~tion involving overlap of atomic orbitals, linear structure C 
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indicates interaction of the electron pair in py at Ni with the n system of N, and N,. 
The other electron pair at Ni is localized in the SP, orbita1.14 

Among the conformations D-G for the alkyl azide it is reasonable to assume that 
the line pair is smaller than N2 and the lone pair -H interaction is smaller than the 
lone pair alkyl group interaction. Between conformations D and E it appears 

H&H R&H ‘9” ‘q” 
N2 2 1 

D E F G 

reasonable that eclipsing of the alkyl group R with the lone pair would be a more 
serious steric interaction than one involving eclipsing of hydrogen with the lone pair. 
Therefore, conformation E would contribute more to the ground state rotational 
equilibrium than D. If no rotational equilibration occurs in going to the transition 
state for nitrogen loss and group migration the group which does in fact migrate is in 
effect determined by relative conformational stabilities of the ground state rotational 
isomers. The barrier height for rotation about CNi bond should not be very great. 
The torsional barrier in methyl isothiocyanate is 0.34 kca1/mo1e15 while that for 
methyl isocyanatei6 is only 005 kcal/mole. 

The viewpoint developed above, in effect, obviates the question of a discrete nitrene. 
The transition state proposed involves a-group to nitrogen as the molecule of nitrogen 
begins to leave. Of course, the reason for bridging in this system is based upon the short 
lifetime of intermediates,and it is fundamentally different from the related phenomenon 
in systems where bridging lowers the energy of activation for a reaction step. 

On the basis of the conformational interpretation of product distribution one sees 
immediately that the migratory preference in the triarylmethyl azide photodecompo 
sition, irrespective of psubstituent, must be unity, for the three conformations of the 
ground state must be equally populated because of symmetry. 

Turning now to the question of the relationship of ground state conformation and 
migratory aptitude in alkyl azides of structure RCH,N, it is not unreasonable that 
the ratio of D : E might be 1: 5. Assuming that the transition state for migration also 
has qhe conformation the 5 : 1 H : R migratory ratio occurs. 
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Again making the reasonable assumption that the lone pair -H interaction is less 
than the lone pair -R interaction and both are less than the corresponding inter- 
actions involving N,, then conformation H is clearly the more stable. The 5 : 2 H : R 
migratory ratio agrees with a conformational population of H : I = 5 : 2. 

The migratory aptitude of the phenyl group is anomalously large if one considers 
that conformation J should be at least as favored with respect to K as it is in the case 
where the phenyl is replaced by alkyl, namely in the system RCH,N,, where R = alkyl. 
It may be that the ground state of the azide is stabilized by homoconjugative structures. 
This would favor conformation K. 

@ e - 
C' 

i;=N=E - 

Photosensitized decomposition of the alkyl azides could be achieved using a filter 
system which excluded all radiation below 340 mu and allowed about 65 yO trans- 
mission above 360 mu. Chrysene (Et = 57 kcal/mole) in benzene was used as the 
photosensitizer. Considerable difficulty was encountered in finding a system in which 
direct photolysis of the alkyl azide could be substantially suppressed. Under the above 
filter conditions chrysene caused a greater than 5-fold increase in rate of decomposition 
relative to the reaction in which only light > 340 mu was admitted in the absence of 
photosensitizers.* 

For compounds 1,6,8 and 9 no difference in the migratory ratios was observed in 
the triplet photosensitized reaction. This result is in agreement with the occurrence of 
a triplet azide in the direct photolysis although it does not require this circumstance. 
For example the mode of decomposition of singlet and triplet azides could be for- 
tuitously the same. The lifetime of the triplet azide with respect to nitrogen loss and 
migration might be comparably short to that of the singlet azide. 

* Chrysene may cause single rather than triplet photosensitization. In unpublished work F. D. Lewis 
and J. C. Dalton, Columbia University, have shown that hexyl azide is a very efficient quencher of chrysene 
and other hydrocarbons and that singlet quenching leads to axide decomposition. 
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One tinal possibility which must be considered is that the rate of~ntersystem crossmg 
from singlet azide to triplet azide is fast relative to decomposition. The present results 
cannot exclude this process. Lack of definite knowledge of the triplet state energy of 
the alkyl azide makes speculation on this process subject to uncertainties. 

An obvious alternative to the above description of the photolysis of alkyl azides 
would involve photodissociation to yield a free discrete nitrene. Because of the tetra- 
hedral symmetry of this species no conformational preference is possible, nor can 
migration be based on such a stereochemical factor. Migration would be determined 
by an intersection of the potential energy surfaces for the migratory processes with 
those for the excited states of the azide (either electronic or vibrational), or by the 
relative activation energies for the processes from the RN intermediate. Presumably 
the activation energies would be surmounts by available thermal energy. 

A further possible pathway for imine formation involving the discrete nitrene is 
insertion into the g-carbon to yield an ethylenimine intermediate. This could be 
rejected, however, because 2-ethylaziridine, the intermediate which would be derived 
by this scheme from n-butyl azide, was not only stable under the photolytic con- 
ditions but also yielded methyl ethyl ketone in the work-up procedure. The latter 
compound was not found as a product of any of the photolyses performed in this study. 

NH 
lw CHsCH,CH,CH,N, - 

/\ C,H, 

The most str~~~o~ard way of testing further the ~onformational basis for 
selectivity proposed above would be to study the gas phase photolysis and solution 
thermolysis of alkyl azides. Both experiments are complicated by the instability of 
the imino products. 

EXPERIMENTAL 

Synthesis of compounds. The method of preparation and physical properties of the alkyl axides used in 
the study are presented in Table 3. The method of Henkel and Weygand” using the alkyl bromide and 
sodium axide in aq MeOH (A) and the method of Smith and Brown** using aq EtOH and sodium ax&(B) 
were employed. 

A Hanau medium pressure Hg lamp surrounded by a Pyrex watercooled heat exchanger in a Pyrex 
reaction vessel equipped with a magnetic stirrer was used in the photolyses. 

Approximately 012 mole of the axide in 200 ml dry, distilled bcnxene was added to the reaction vessel. 
Ultrapure N, was then introduced through a fine f&ted disc at the bottom of the reaction vessel and passed 
from the vessel through a 2 mm ID exit port located above the surface of the soln. For experiments in which 
only an approximate percent decomposition of axide was required, N, evolution was determined by exiting 
the gas through one end of a 12-18 in. length of 1 mm ID tygon tubing attached to an inverted, water-filled 
gas buret. For kinetic measurements, a specially+.mstructed pressure control apparatus was used to 
detern)ine quantitatively the amount of evolved N,. 

In chrysene-aeositized decompositions, a Coming O-52 cut-off Iilter blank was placed between the Hg 
arc a& the reaction vessel so that the filter was just touching the Pyrex heat exchanger and the reaction 
vessel. The filter excluded all radiation below MO mp and allowed approximately 65 % transmission at 
360 mu. Control reactions indicated that the sensitized reactions were at leest 5 times faster than unsensitized 
react&s under these conditions. la a typical photo&&, the work-up procedure was as follows: After 
photo&& resulted in 5 % conversion of azide, as determined by N1 evolution, a SO ml aliquot was transferred 
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R-N, Method Physical properties 

n-Butyl (1) A 

n-Amy1 (2) 

4-Phenylbutyl (3) 

3-Phcnylpropyl (4) 
2-Phenylethyl (5) 

CHcptyl (6) 
Cyclohcxyl (7) 

Phenylmethyl (8) 
1-Phenylbutyl (9) 
l,l-Diphenylethyl (10) 
Phenyl axide 

A 

B 

B 
B 

B 
B 

A 
B 
B 
B 

r1~~14102; 71’(225 mm) 
lit n~rl4193; 65-69“ (220 mm,‘” 

#14185~7374” (100 mm) 
nk”14266; 63.5” (100 mm,‘” 
$1.5200; 1161m (5 mm) 

Lit n~‘l.5188; 114116” (4 mm)” 
ni6 1.5258 ; 76-78” (3 mm) 
nk61.5312; 126” (20 mm) 

lit t$%5302; 68” (O-5 mm)” 
#14370; 78-W (200 mm) 
nk3 14769 ; M-67” (22 mm) 
dO1.4693; 72” (30 mm)” 

106-108’ (42 mm) 
n$Q~5141~85-88” (3.5 mm) 
npl.5CNW~ 81-W (3-O mm) 

49” (5 mm) 
lit 50” (5 mrn)l’ 

2-Ethyl aziridiae was prepared according to the method of Campbell et aL23 and had ni314193, b.p. 
66-69” (200 mm) lit, 71” (225 mm), ni’l4192. 

2+Dinitrophenylhydrazones were prepared according to the method of Shriner et cd.‘* 

TABLET. 2.4-DINlTROPHLTWLWDilAZONLl RI VALIJES 

Compound R. 

CH,O 052 
CH3CH2CH2CH0 0.79 
CH,COCH,CH, 0.70 
CH,CH,CH,CH,COC,H, 1.18 
CH,COC,H, 0.98 

C,H,COC,H, 1.16 
C,H,CH=O 0.92 
CH,CH,CH,COCH,CH,CH, 1.11 

m.p. 

166 
122 
129 

250 
239 
237 

74” 

R 
’ 

= distance traveled by carbonyl compound 
distance traveled by ~CH3)2NC6H4]2N2 

Solvent system : 3 : 1 C6H, : light petroleum (30-6tP). 

to a 500 ml 3-necked round-bottom flask fitted with a stirrer. To this was added a MO-ml portion of a 
filtered soln (2NHCI) of 2+dinitrophenylhydrtie. The resulting two-phase system was stirred at high 
speed for 3 hr. The benzene layer was then separated, the aqueous layer was washed once with a 50 ml portion 
benzene, the benzene extracts combined, dried, filtered and concentrated on a rotary evaporator (water 
aspirator) at 35-W. The resultant residue was dissolved in the minimum amount of solvent (chloroform or 
benzene) and the mixture subjected to dry column chromatography. This was done by adding the mixture 
to the top of a 3’ x 1 in. ID glass column containing 300 g of silica gel The silica gel had been previously 
mixed with 15% by weight of a 3:l mixture of benxenc:light petroleum (W) The column was then 
developed by allowing the same solvent mixture to descend through the column. Unreacted tide, 2&dini- 
trophenylhydraaone derivatives, and chrysene in the case of sensitized reactions, were eluted from the 
column and collected in fractions. The solvent was evaporated and the fractions weighed. Identity of the 
individual fractions was determined by comparison of their TLC R, values with those of the authentic 
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~~~~y tht same manner as that described For the S “J, conversion of n-but@ azide. Workup of a 50 mf 
aliquot of the pimt5lysie with ~~~troph~yl~y~~~ was a&o cart&d oat in the same manner. The 
cottcentrated ~~~jiro~~eay~~~~#ue mixture from each pbotoQsis was subjzted to prepatY&t! TLC 
using 3: 1 beazette : iight pctrofetim $3@-60*). The derfvatives wm? sepzatefy wm?kr& to f&cd disc fiftcr 
funnels and each weed into a separate volumetric flask with chIoroform. The UV absorption of the three 
Formaldehyde 2,&DNPdcrivatives was measured at S% mp (II ,& The relative concentrations of butyral- 
dehyde to Formaldehyde For a given photalysis were determined by the relationship 

~~ro~~~ of ~.~~~i azsde in the prae~ o~u~~g~, A sofa of 2 g @ME m&j of n&utyS &de in 200 r& 
benzene was irradiated for 70 min during which time Q2 was paas#f t&ron& the system. Separation of tke 
2,4-DNP mixture by preparative TLC followed by UV absorption measurements of the formaldehyde 
and butyrakkhydc derivatives thereby obtained, indicated the ratio of ~~ty~dc~yde to formaldehyde to 
be greater than 10 to 1. 

In another exp&ment, Ot was bubbled into a soIn of 2 g (@02 mole) of n-butyi tide in 200 ml dry, 
distilled benzexte only p&r to p~oto~~is (for 20-30 mitt). The sofa was then irradiated For 70 mia and 
worked up in the same manner as tit& described for the S % conversion of n-butyl azide. Separation of the 
2&DNP mixture by preparative TLC, followed by UV absorption measurements of the formaldehyde and 
butyrakiehyde derivatives, indic,ated the ratio of buty~~dc~yde to fo~ldc~yde was greater than 10 to 1. 

~~2~~~~~~. 242 8 @4X2 mle) in 200 ml beazenc WBS h&at& irn the 38me way as that described for 
the 5 % oonvetsiott of n-butyE &de except that conversion was carried out only to the extent oF 4 %. The 
usual ~~~~op~en~~ne workup foEowed by dry cottzmn ~o~t~~~y of the resnking 2+ 
IlNP mixture gave 16 mg (4H.X mm&e) depone 2&DNP and 22 mg (@4B ~~) ~t~de~e 
2&i3NP. This amts for a&rut 95% of convert& &de a& represents B pre%erertce for hydrogen 
migration us atkyl migration by a ratio of 5 to 4. 

A f-2 ml aliquot of the photo,lysate, subjected to thu usual TLC and VPC {cokmm A, 1006) nrralysis. 
indicated that no 2-~-butylp~olidine was present by comparison with an authentic sample. 

Tbe remainder of the photolysate was then irradiated until the soln no longer evolved N, ( >!XI % con- 
version) and the TLC and VPC analyses repeated These auaiyses indicated that no Z-~-butylp~~~ne 
was present by #rn~~ with an authentic sample. 

2-Pkenyfethyi a.zi&. 244 8 (092 mole) iu 200 ml betsmae was photarynad to S % conversion in IS min in 
the manner desribcd in the general procedure. Workup of a 50 ml aliquot of the photolysate with 2,4- 
~~opbeny~y~~~~ followed by separation of the 2&DNP mixture by dry column ~rornat~~phy, 
wascan%e& ant in the usual mamter and gave 55 mg (@lg mmoie) ~-~~eoyl~~~y~ Z&DNP and 4 mg 
(Ooz mm&) formalde&ie 2&DNP. TEs accomtts for 80% of the cottrcrted tide and represents a 
preference For hydrogen Joann vs a&$ migration OF 9 tu I. 

3*~~~~t~~~ a&&. 3.22 8 @XX? m&e) in 200 ml bea%ene was irradiated to 5 % ConYcfsicIht @Q tins ia It 

manner described in ttK, gene& proabun Workup of a 50 ml afiqtlot of the photoQsa& with I&4- 
d~~trop~~y~~y~~ followed by separation of the 2.4DNP mixture by dry column c~ro~to~~~y, 
was car&d ant in le usual manner and gave 66 mg (0.21 mmofe) 3-p~e~ylpropion~dehyde 2,&DNP and 
6 mg (043 mm&e) Fomakichydc 2+DNP. This aaunts for greater than 90% of the converted azide and 
repreae& a preference For hydrogen migratian es alkyd migration of 7 to 1. 

A S-2 ml ai.iquot of the photolysate was subjected to the usual TLC and VPC analyses (column A, loo”). 
No ~tm&y~oq~ino~~e mtid be dateeted by comparison with an authentic sampie. The remainder of rbe 
pitotolysate was irradiated to about 40 % conversion and the TLC and VPC analyses repeated. No tctra- 
bydroquinotine could be detected. 

~~~~~~t~~ a&e. 340 g (042 mole) in 200 ml benzetze was irradiated to S % conversiot~ (70 tin) in tite 
same mmer as that dcscriW for the S % cooversion of n-butyE azidn 

Workup of a 50 mi &&tot with ~~t~op~~y~yd~n~ followed by spar&ion of the 2,~DNP 
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mixture by preparative TLC, was carried out in the usual manner. UV absorption measurements of the 
2,4-DNP derivatives indicated the ratio of hydrogen migration us alkyl migration was about 10 to 1. 

The usual TLC and VPC analyses of the photolysate after 5 % conversion, were negative for the presence 
of 2-phenylpyrrolidine. However, after irradiation to > 90 % conversion, both TLC and VPC analyses of 
the photolysate (after concentration of the residue to about 25 ml) indicated that small amounts of 1-5 % 
of 2-phenylpyrrolidine were present About 10 ml of the concentrate were added to. 25 ml of a saturated 
soln [% % (Etow)] of picric acid and the mixture refrigerated overnight. No ppt was observed. 

Phenylmethyl aside. 266 g (002 mole) in 2C0 ml benxene was irradiated to 5 % conversion (80 min) as 
above. Workup of a 50 ml aliquot with 2&dinitrophenylhydraxine, followed by separation of the 2,4-DNP 
mixture by dry column chromatography, was carried out in the usual manner and gave 16 mg (045 mmole) 
butyrophenone 2,4-DNP, 30 mg (@ll mmole) benxaldehyde 2,4-DNP and 22 mg (003 mmole) butyralde- 
hyde 2,4-DNP which represents a ratio of alkyl us phenyl vs hydrogen migration of 2: 16: 1. This accounts 
for > 90 % of the converted axide. 

The usual TLC and VPC analyses of the photolysate after conversion to 5 % and to 90 % were negative 
for the presence of 2-phenylpyrrohdine by comparison with an authentic sample. 

2-Aaidopentane. 2.26 g (002 mole) was irradiated to 5 % conversion (75 mitt) as described above. TLC of 
the 2,4+DNP mixture obtained in the usual manner indicated that 2-pentane 2+DNP and butyraldehyde 
2,4-DI’UP were not separable. 

Diphenylmethyl mink 4-18 g (O-02 mole) was irradiated in the same manner as that used for 5 % conversion 
of n-butyl axide. No N, evolution was detected after several hr. Therefore, the Pyrex insert at the mouth of 
the r&on vessel was replaced by a quartz insert of the same dimensions with a 25Swatt, medium press 
Hg arc(Westinghouse). The insert was doublcwalled and was quipped with a water inlet-outlet system to 
serve ax a heat exchanger. Conversion to 5 % rquired 4-5 hr. Workup of a 50 ml aliquot of the photolysate 
with 2,4dinitrophenylhydraxine, followed by separation of the 2,4-DNP mixture by dry column chroma- 
tography, was carried out in the usual manner and gave 7 mg (OQ2 mmole) benxophenone 2,4-DNP and 
77 mg [O-3 mmole) benxaldehyde 2,4-DNP. 

Diphenylethyl &de. 446 g (042 mole) was irradiated to 5 % conversion as described above for the 5 % 
conversion of n-butyl-axide. Workup of a 50 ml aliquot with 2,4dinitrophenylhydraxine, followed by 
separation of the 2,4-DNP mixture by dry column chromatography, was carried out in the usual manner 
and gave acetophenone 2+DNP (75 mg, @25 mmole) and benxophenone 2,4-DNP (25 mg, 07 mmole) 
which accounts for quantitative conversion. This product distribution represents a preference for phenyl 
migration versus alkyl migration of l-8 to 1. 

Cyciokxyl aside. 250 g (002 mole) was irradiated to 5 % conversion. The usual 2,4-DNP workup and 
TLC analysis gave only cyclohexanone 2,4-DNP. 

2-Ethyl oziridne. 01 g in 200 ml dry distilled benzene was irradiated for 3 hr. Workup of a 50 ml aliquot 
of the photolysate with 2,4dinitrophenylhydrane was carried out in the usual manner. TLC analysis of 
the resulting 2+DNP mixture indicated the formation of only methylethylketone 2+DNP. 

Phenylmethyl otide. 266 g (a02 mole) in 200 ml very pure isopropyl alcohol was irradiated to 5% 
conversion based on N, evolution. A l-2 ml aliquot of the photolysate was then removed and subjected to 
VPC analysis (injection port: 150”, column oven: 80”). No acetone was detected under instrument coo- 
ditions (attenuation: 5, flow rate: 30 ml/mm) which are appreciably sensitive to 1 x lo-’ molar soln of 
acetone (in isopropyl alcohol). This sensitivity was determined by VPC analysis of 1 x lo-’ molar test 
soln the composition of which represents oxidation of isopropyl alcohol to acetone by only 10 % ofconverted 
axide (5 ‘A conversion based on axide). The photolysate was then irradiated to an additional 10 oA conversion 
(total conversion: 15 %) and VPC analysis was negative for even trace amounts of acetone. 

2-AMogentane. 2.26 g (002 mole) in 200 ml very pure isopropyl alcohol was irradiated to 5 % conversion. 
A l-2 ml aliquot of the photolysate was then removed and subjected to VPC analysis using column B 
(injection port : 15(p, column oven : 80”). No acetone was detected under instrument conditions (attenuation : 
5, gow,rate: 30 ml/min) which are appreciably sensitive to 1 x 10-s molar soln of acetone. The photolysate 
was then irradiated to an additional 10 % conversion (total conversion : 15 %) and VPC analysis was negative 
for evem trace amounts of acetone. 

n-El(tyl azide and chrysene. A lOtSwatt Hanau medium press Hg-lamp surrounded by a Pyrex water- 
cooled heat exchanger was placed in a Pyrex reaction vessel A Corning O-52 cut-off filter was inmrposed 
between the Hg-lamp and the reaction vessel so that the tilter was just touching the Pyrex heat exchanger 
and the reaction vessel. The filter excluded all radiation below 340 mu and allowed approximately 65 % 
transr+sion at 360 mu. 
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A soln of 2 g (002 mole) n-butyl axidc and 0-t g chrysene in 200 ml benzene was added to the Pyrex 
reaction vessel. Ultrapure N, was then introduced through a fine f&ted disc in the bottom of the vwsel 
After purging for 20-30 mitt the N, flow was stopped, the N, inlet sealed tightly with a stopper (rubh), 
and the gas outlet connected to the pressure-control apparatus. A magnetic stirrer at the bottom of the 
reaction vwsel kept the soln agitated during the photolysis. 

The soln was then irradiated to 5 “/. conversion based on Ns evolution (105 mitt). A control reaction run 
under the same conditions without chrysene exhibited less than :th the amount of conversion as the sensi- 
t&d photolysis, i.e., less than 1 “/, based on N, evolution for 105 min. 

A 50 ml ahquot of the photolysate was transferred to a 500 ml, 3-necked, round-bottom flask fitted with a 
stirrer. To this was added a 200 ml portion of a saturated soln of 2,4dinitrophenylhydraxone in 2N HCl 
which had been previously filtered The two phase system was stirred at high speed for 3 hr. The benxene 
layer was then separated, the aqueous layer washed once with henxene (50 ml), the benzene extracts com- 
bined, dried, filtered and concentrated on a rotary evaporator (water aspirator) at 35-W. The resultant 
residue (ca. @75) was dissolved in the minimum amount of solvent (CHCls) and the mixture subjected to 
dry column chromatography. This was done by adding the mixture to the top of a 3’ x 1 in. ID glass 
column containing MO g of silica gel. The column was then developed by allowing the same solvent mixture 
to flow through the column in a descending manner. The 2+DNP derivatives, as well as chrysene and 
unreacted axide, were eluted and collected in fractions. The solvent was evaporated and the fractions 
weighed. The two derivatives obtained were butyraldehyde 2,+DNP (60 mg, @St mmole) and formaldehyde 
2,CDNP (5 mg, ~003 mmole) which represents a ratio of hydrogen migration us alkyl migration of greater 
than 10: 1. Further identification of the components was obtained by combining the middle fractions of 
each component (determined by TLC using authentic 2&DNP derivatives) and carrying out m.p. and mixed 
m.p. determinations. 

A l-2 aliquot of the photolysate was removed, concentrated and subjected to TLC and VPC analyses. 
Using a BuOH-AcOH-water @O/20/10 : v/v/v) solvent system and a 2 % ninhydrin spray soln as a developer, 
authentic samples of pyrrolidlnc, N-n-butylaniline, butylamine and propylamine were well separated. 
TLC analysis for the photolysate indicated the absence of any of these compounds in the photolysate. 
VPCanalysisofamixtureofthesesamecompounds(1/1/1/1 :v/v/v/v)onan F&M 575OResearchChromato- 
graph showed four major peaks using a hydrogen flame detector and column A (at ambient temp; injection 
port: lso”). VPC analysis of the photolysate under the same conditions indicated the absence of any of the 
four amines. The remainder (ca. 150 ml) of the photolysate was then irradiated until the soln no longer 
evolved N, (> 90 y0 conversion) and concentrated to about 10 ml. TLC and VPC analyses identical with 
those described for an aliquot of the 5 % conversion photolysate were carried out and were negative for the 
presence of the four amines mentioned above. 

CAzidoheptane and chrysene. A soln of 2.82 g (OQ2 mole) Caxidoheptane and 04 g chrysene in 200 ml 
benzene was irradiated to 4 % conversion (110 mitt) in the same matmer described for n-butyl axide and 
chrysene. A control reaction run under exactly the same conditions, but without chrysene., exhibited less 
than 4th the amount of conversion as sensitixed photolysis, i.e., less than @7 % based on N, evolution for 
110 min. 

A 50 ml aliquot of the photolysate was mixed with 200 ml of a saturated soln of 2,4dinitrophenyl- 
hydraxine in 2N HCl at high speed stirring for 3 hr. The benzene layer was then separated, the aqueous layer 
washed once with a 50 ml portion benxene, the benxene extracts combined, dried, Wered and concentrated 
on a rotary evaporator at 35-W. The resultant residue (ca. O-7 g) was then dissolved in the minimum 
amount of benxene and the mixture subjected to dry column chromatography as described for n-butyl 
axide and chrysene. The unreacted axide and chrysene eluted first and were not separable. However, TLC 
of this mixture (3 : 1 benzene: light petroleum) confirmed that it consisted only of chrysene and axide by 
comparison with authentic samples. The 2,4-DNP derivatives were then eluted and collected in fractions. 
The solvent was evaporated and the fractions weighed. The two derivatives obtained were Cheptanone 
2+DNP (16 mg 0.06 mmole) and n-butyraldehyde 2,4-DNP (22 mg oQ9 mmole) which accounts for 75 % 
of the converted axide and represents a ratio of hydrogen migration OS alkyl migration of 4:3. 

A l-2 ml aliquot of the photolysate was removed concentrated and subjected to TLC and VPC analyses 
under exactly the same conditions as described for n-butyl axlde and chrysene, i.e., TLC solvent mixture 
(BuOH-AcOH-water) and spray (ninhydrin) and VPC column (column A, ambient temp, injection port: 
15W). Both of these analyses were negative for the presence of 2-n-butylaniline using an authentic sample as 
comparison. The remainder of the photolysate (ca 150 ml) was then irradiated until the soln no longer 
evolved N, (> 60 y0 conversion) and the soln concentrated to about 10 ml. TLC and VPC analyses identical 
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with those described for an aliquot of the 5% conversion photolysate were negative for the presence of 
2-n-butylaniline. 

Phenylmethyl azide and chrysene. A soln of 266 g (@02 mole) phenylmethyl azide and 04 g chrysene in 
200 ml benxene was irradiated to 5 % conversion (117 mitt) as described for n-butyl axide and chrysene. 

The 2.4DNP residue (ca @69 g) obtained by the procedure described above was dissolved in the mini- 
mum amount of benxene and the mixture subjected to dry column chromatography as described for n-butyl 
axide and chrysene using 3: 1 bcnxene:light petroleum solvent. The two 2.6DNP derivatives obtained 
were benxaldehyde 2,4-DNP (44 mg, O-154 mmole) and formaldehyde (12 mg, a057 mmole) which accounts 
for 84% of converted ax&. and represents a ratio of hydrogen migration us phenyl migration of 2.7 to 1. 

In an essentially identical photolysis, 60 mg (@210 mmole) bcnxaldehyde 2,4-DNP and 14 mg (0035 
mmole) formaldehyde 2,CDNP were obtained by dry column chromatography. This yield accounts 
quantitatively for the converted axide (within experimental error) and represents a ratio of hydrogen 
migration to phenyl migration of 3 : 1. 

I-Azido-1-phenylburr and chrysene. A soln of 3.50 g (0.02 mole) 1-azido-1-phcnylbutane, 04 g chrysene 
in 200 ml benzene was irradiated to 5 y0 conversion (2.9 hr) as descr&d for n-butyl axide and chrysene. 

A SO ml aliquot of the photolysate was mixed with 200 ml of a saturated 2+dinitrophenylhydraxine soln 
in 2N HCI as described. The residue (ca. @7 g) obtained was then dissolved in a minimum amount of benzene 
and the mixture subjected to dry column chromatography as described for n-butyl axide and chryscne 
using 3: 1 benxene:light petroleum (UMO”) as solvent. The three 2,CDNP derivatives obtained were 
benxaldehyde 2,CDNP (29 mg, @ll mmole), n-butyraldehyde 2,4-DNP (22 mg, 008 mmole) and butyro- 
phenate 2.4DNP (8 mg, 003 mmole) which accounts for 90 % of converted axide and represents a ratio of 
alkyl es phenyl us hydrogen migration of 2: 16 < 1. 

A l-2 ml aliquot of the photolysate was removed and subjected to TLC and VPC analyses. TLC analysis 
(by comparison with an authentic sample of 2-phenyl pyrrolidine) indicated the absence of 2-phenyl- 
pyrrohdine using BuOH-AcOH-water (80/2O/lO:v/v/v) and ninhydrin spray. VPC analysis on a Glowal 
Chromolab 310 (column B, loo”, injection port 200”) was negative for 2-phenylpyrrolidine by comparison 
with an authentic sample. The remainder of the photolysate (ca 150 ml) was irradiated until the soln no 
longer evolved N, (ca 50% conversion). TLC and VPC analyses identical with those described for an 
aliquot of the 5 % conversion photolysate were negative for the presence of 2-phenylpyrrolidine. 

Neat phenylmethyl atide. A small (8 mm x 65 mm) Pyrex test tube was fixed within 15 mm of a lOD-watt 
Hanau medium press Hg-arc surrounded by a Pyrex water-cooled heat exchanger. To the teat tube were 
added 2 ml phenylmethyl axide and a few carborundum ebulators. The axide was photolysed until it no 
longer evolved N, (> 8 hr). TLC analysis of the photolysate indicated the absence of bibenxyl(l,2diphenyl- 
ethane) by comparison with an authentic sample, using 20: 1 light petroleum (3(Mo”) : benzene solvent and 
iodine development. 

Neat diphenylmethy/aride. A 1 cm quartz UV curette was placed approximately in the center ofa Rayonnet 
UV apparatus (Model RPR 100) containing 13 low press Hg-arcs. To the test tube were added 3 ml diphenyl- 
methyl axide and a few carborundum ebulators. The axide was photolysed for 20 hr after which no appre- 
ciable N, evolution could be detected and the liquid had turned a dark orangcbrown. TLC analysis of the 
photolysate indicated the absence of sym-tetraphenylethane by comparison with an authentic sample 
using 20: 1 light petroleum @O-6@‘): benzene solvent and iodine development. 
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