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3,:3-Diphenyl-l-nitrocyclohexene was synthesized for photochemical study in order to compare nitro n--K* photo- 
chemistry with carbonyl n-r* reactivity. Both direct and sensitized irradiations in benzene gave rise to trans-5,6- 
diphenyl-l-nitrobicyclo[3.l.0]hexane; the preference for formation of trans product was shown to be kinetic. Addi- 
tionally, the photolysis afforded 3,3-diphenylcyclohexanone. Quantum efficiencies were determined, and these 
were found to be quite low compared with the corresponding enone analogue. Thus, for formation of bicyclic nitro 
compound the unsensitized and sensitized efficiencies were found to be I$ = 3.05 X (acetophe- 
none). Evidence favoring triplet multiplicity of the rearranging species is discussed as is the low reaction efficiency. 
I t  was observed that irradiation in isopropyl alcohol gave rise to 3,3-diphenylcyclohexanone oxime as the major 
product with the oxime to bicyclic product ratio increasing with increasing isopropyl alcohol concentration in iso- 
propyl alcohol-benzene mixtures. Finally, cis-5,6-diphenyl-l-nitrobicyclo[3.l.O] hexane was independently synthe- 
sized by reaction of 2-phenyl-1-nitrocyclopentene with diphenylsulfonium benzylide. This stereoisomer was con- 
verted, both in direct and sensitized irradiations, to the trans stereoisomer with a steady state favoring trans isomer 
over 1OOO:l 

and 4.52 X 

Some of our previous studiesi3- have involved the n-a* 
triplet photochemical rearrangement of 4,4-diphenylcyclo- 
hexenone (1) and substituted derivatives. The evidence fa- 
vored promotion of a nonbonding (i.e., py or n) electron to the 
antibonding a system with rearrangement involving bonding 
of a y aryl group to the /3 carbon. 

Nitroalkenes also have an n-a* triplet as their lowest 
electronic excited state, although the literature on the subject 
is s p a r ~ e . ~  Thus we were interested in seeing if the photo- 
chemistry of a nitro analogue of 4,4-diphenylcyclohexenone 
(1) would prove parallel to that of the ketone. For this study 
we selected 3,3-diphenyl-l-nitrocyclohexene (2). 

c)  

Ph Ph 
1 

NO, 

Ph Ph 
2 

Synthesis of the Photochemical Reactant. The synthesis 
utilized 3,3-diphenyl-1-cyclohexenes (4) which was prepared 
from 2,2-diphenylcyclohexanone (3) using the method of 
D a ~ b e n . ~  Reaction of the diphenylcyclohexene 4 with nitrogen 
tetroxide in ether followed by hydroxide treatment gave a 19% 
yield of the desired 3,3-diphenyl-l-nitrocyclohexene (2), mp 
106-107 "C. Note eq 1. PO a 'Ik;NHNHI THF,HCl Q ;:.:,ether, pNo' 

____, 
b MeLi in 

brnzene 

Ph Ph P h  Ph  Ph Ph 
3 4 

Exploratory Photochemistry. Exploratory irradiations 
were carried out using a 450-W medium-pressure immersion 

lamp along with either a Pyrex or a circulating sodium meta- 
vanadate filter, thus using light above 290 or 330 nm. A slow 
reaction was observed and could be monitored with analytical 
GC; two products were observed and these appeared linearly 
with time. 

Preparative isolation employed column chromatography 
on Florisil. One product proved to be the known 3,3-diphen- 
ylcyc1ohexanone.l0 The major product, 5, was a solid, mp 
127.5-129 "C; at  the end of 10 h a 9% yield of this photo- 
product was formed. The minor diphenylcyclohexanone 
product was found in 0.5% yield. Thus, qualitatively, this 
contrasts with the very facile rearrangement of 4,4-diphen- 
ylcyclohexenone (1) where a similar conversion is complete 
in ca. 0.5 h. 

Photoproduct Structure Elucidation. The first evidence 
regarding photoproduct 5 was the appearance of 6.59- and 
7.37-w bands in the infrared suggesting that this was a nitro 
compound. Substantial further evidence derived from the 
270-MHz 'H and 67.9-MHz 13C NMR spectra (Tables I and 
11). The first point noted was the presence of two unsplit l :T 
peaks at  79.8 and 53.3 ppm downfield from Me4Si, indicating 
the presence of two quaternary carbons. The low field of the 
former suggested that it bore the nitro group (i.e., a C-N02 
group present). Additionally, the doublet a t  38.6 ppm proved 
suggestive of a benzylic cyclopropyl group (i.e., CHPh) bearing 
a hydrogen. Finally, the *H and 13C NMR spectra both sug- 
gested the presence of three methylene groups (i.e., CH2) and 
the former suggested that these formed a contiguous chain of 
three (-CH,CH,CH,-); thus these are mutually coupled as 
indicated in Table 11. 

With evidence for these structural moieties in hand and 
with the course of the rearrangement of 4,4-diphenylcyclo- 
hexenone:j in mind, a tentative assignment of 5 as cis- or 
trans -5,6-diphenyl- 1 -nitrobicyclo [3.1.0] hexane was made. 

It seemed desirable to have the model compounds cis- and 
trans- 1,6-diphenylbicyclo[3.1.0]hexanes (8 and 7, respec- 
tively), so these were prepared from the cis- and trans-5,6- 
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Table I. 67.9-MHz I3C NMR Data 

Chemical 
Compd Carbon Multiplicity shift, ppm ~JIOCH, Hz 

5 1 
2 
3 
4 
5 
6 

6 1 
2 
3 
4 
5 
6 

7 5 
2 
3 
4 
1 
6 

8 5 
2 
3 
4 
1 
6 

S 

d of d 
d o f d  
d o f d  

d 

d o f d  
d o f d  
d o f d  

d 
d 
d o f d  
d o f d  
d o f d  

d 
d 
d o f d  
d o f d  
d o f d  

d 

S 

S 

S 

S 

S 

79.8 
35.1 
21.1 
28.4 
53.3 
38.6 
79.7 
40.8 
19.4 
33.3 
47.4 
37.5 
31.3 
26.4 
23.3 
31.8 
38.8 
33.7 
31.2 
28.5 
21.8 
36.8 
42.4 
30.0 

131 
132 
134 

155 

132 
132 
134 

158 
164 
130 
130 
129 

155 
162 
128 
130 
130 

158 

diphenylbicyclo[3.1.O]hexan-2-ones of known3 structure. 
Synthetic details are given in the Experimental Section and 
the NMR spectra are detailed in Tables I and 11. These spectra 
can be seen to show remarkable parallelism with that of 
photoproduct 5. 

With the preceding evidence in hand, we proceeded to ob- 
tain an unambiguous structure proof. This was obtained by 
synthesis of the stereoisomer of the photoproduct. 

The reaction of 2-phenyl-l-nitro~yclopentene~~ (9) with 
diphenylsulfonium benzylide12 (10) led to a product (61, mp 
110-111.5 OC. The infrared spectrum again revealed the 
presence of a nitro group and was reminiscent of, but different 
from, that of the photoproduct (5) .  The I3C NMR spectrum 
of this product was exceptionally similar to that of the pho- 
toproduct; note Table I. Literature analogyI3 had suggested 
that the nitrocyclopentene plus sulfonium benzylide reaction 
should lead to three-ring formation as shown in eq 2. Thus, 

,,NO? 

dimethoxy. 
Ph,S=CHPh + 

10 
Ph 

9 
6 

it was apparent that the synthesis had led to the stereoisomer 
(i.e., 6) of the photoproduct (Le., 5 ) .  

Table II.270-MHz 'H NMR Datah 

Compd  Pro ton  Multiplicity Chemical shift,  7 Coupling constants,  Hza 

5 a 16-line mul t  9.61 J a b  = -13.7,  Jac = 8.5 ,  J a d  = 11.2 ,  
Jae = 8.3,  Jaf = 1 1 . 2  

b d o f t  8 . 3 9  Jb = 0.3,  J b d  = 9.1,  Jb e = 0.1, Jb f  = 9 . 4  

d mul t  7 .63  Jde = 0.0, Jdf  = 0.5 
e d of d 7 . 5 8  J e f  = -13.6 
f pseudo q 6.73 

Arom 10 H mul t  2.64 

C d of d 7 .75  Jcd = -14.0, J c e  = 0.0, J c f  = 0.0, 

g S 5.7 0 

6 

7 

8 

a 

b 

d 
e 
f 
g 

Arom 
Arom 
Arom 

a 
b 

C 

!} f 

") f 

h 
tz 

Arom 
a 
b 

h 
g 

Arom 
Arom 

16-line mul t  

mul t  
mul t  
mul t  

d o f d  
d of d of d 

2 H d o f d  
5 H mult  
3 H mult  

16-line mul t  
mul t  

1 H d o f d  
4 H mul t  

S 

d 
10 H mul t  

16-line mul t  
d of t 

mul t  
d o f d  

d 
2 H d o f d  
8 H mul t  

8 .35  

8 .06  
7 .75  
7.7 2 
7.23 

Jab = 
Ja e 

Jbc = 
Jcd = 
Jde = 
J,c = 

-13.8, Jac = 11.8 ,  Jad = 8 .0 ,  
= 8.3,  Jaf = 11.3 
8.5,Jbd = 0.7 ,  Jbe = 0.4, Jb f  
-13.1, J,, = 0.0, J c f  = 0.0 
0.0, Jdf = 0.0 
-1 2.9 

C I  

7.08  
6 .91  
3 . 0 9  J =  7.5, 1.0 
2.80 
2.7 2 
9.80 
8 . 6 4  

8.1 1 
7.87 

J = 11.4 ,  8 .5  

7 .65  J =  8.46 

8.47 
8.19 J =  14.8 ,  8.1 

7.69 J =  12.7,  8.1 

2.93-2.91 

7.87-8.07 

7.77 J =  3.7 
3.7 8 J =  8 .5 ,  1.0 
3 .55  

= 8 . 6  

(1 The coupling constants listed for t he  methylene protons of compounds  5 and 6 are those obtained f rom a reiterative 
computer  simulation of t he  observed spec t rum.  See the  Experimental  Section for  details. b The observed and simulated 
methylene regions of the  270-MHz spectra of compounds  5 and 6,  along with a more  comple te  discussion of their  compari-  
sons  with t h e  spectra of 7 and 8, are given in the  Ph.D. Thesis of L. C. Roberts,  University of Wisconsin, 1 9 7 6 .  
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Table 111. Summary of Quantum Yield Data 

Concn of Added i i r r a d ,  a r "  a r  Conversion, 
reactant. M reagent (M) nm bicvclic ketone % 

3.20 x 10- None 317 3.06 X loW4 3.97 x lo-,? 3.240' 
3.20 X lo-,' None 317 3.03 x 3.75 x lo-,: 1.630 
3.20 x lo-:{ None 317 3.04 X 2.63 x 0.759 
3.20 X lo-'' None 317 3.05 X 1.61 X lo-,? 0.361 
1.00 x lo-,'% Acetophenone 337 3.90 x 10-4 4.22 x 0.867 

1.00 x lo-,'{ Acetophenone 337 4.37 x 10-4 2.07 x 0.343 

1.00 x 10-3 Acetophenone 337 4.33 x 10-4 1.65 x 0.181 

(5.25 X lo-]) 

(5.25 X low1) 

(5.25 x 10-I) 

0 Linear extrapolation to 0% conversion gave ar = 3.05 X and ar = 4.52 X for the formation of the bicyclic photoproduct 
Linear extrapolation to 0% conversion gave ar = 1.18 X lo-" and ar = 8.70 X 

This run is less reliable than the others 
in the direct and sensitized photolyses, respectively. 
10-,5 for the formation of the ketone in the direct and sensitized photolyses, respectively. 
since at this extent of conversion the bicyclic photoproduct could have been absorbing up to 1% of the light. 

The assignment of stereochemistry to the two stereoisomers 
derives nicely from comparison of the 'H NMR spectra of 
these compounds with those of the model compounds 7 and 
8 of known stereochemistry. Primarily, the hydrogens labeled 
a in Table 11, corresponding to the endo hydrogen at  C-3, are 
shifted markedly upfield in photoproduct 5 and in model 
compound 7. Since the latter is known to have an endo C-6 
phenyl configuration, we can conclude that the upfield shift 
is due to the high field hydrogen being in the shielding cone 
of the phenyl group. Also we can conclude that photoproduct 
5 has the endo configuration. Stereochemical assignments are 
thus: 

5 6 

7 8 

Final proof of the structure of photoproduct 5 derived from 
ita formation in the acetophenone sensitized irradiation of the 
synthetically derived cis bicyclic isomer 6. Such stereoisom- 
erization has literature precedent in the photochemical in- 
terconversion of cis and trans isomers of 5,6-diphenylbicy- 
cl0[3.l.O]hexan-2-one~~ and also of the cis and trans isomers 
of 2,3-diaryl-l-benzoylcyclopropanes.1~17 Even in the absence 
of conjugating carbonyl or similar chromophores, diary1 cy- 
clopropanes are to cis-trans isomerize photo- 
chemically. 

Multiplicity and  Quantum Efficiency Studies. One of 
the first questions of interest was whether the reaction would 
proceed via the triplet (Le., under sensitized conditions). 
Accordingly, using the 450-W immersion apparatus and a 
combination Pyrex-copper-cobalt-nickel filter (290-390 nm 
bandwidth), an acetophenone-sensitized run was carried out. 
It was determined that minimally 99% of the light was cap- 
tured by acetophenone sensitizer. From this run the same 

trans bicyclic photoproduct 5 was obtained (12% yield) along 
with 3,3-diphenylcyclohexanone (11) (14%) and recovered 
unphotolyzed reactant (23%). 

For more quantitative studies the Black Box apparatus2' 
was employed along with a narrower bandwidth solution filter 
of nickel-cobalt-copper (see Experimental Section for de- 
tails). The conversions were monitored by GC. Under mild 
conditions (170 "C, SE-30,  see Experimental Section) each 
of the compounds of interest-nitroalkene reactant 2, cis and 
trans bicyclic nitro compounds 5 and 6, 3,3-diphenylcyclo- 
hexanone, and tetraphenylethylene internal standard-gave 
nicely separable peaks. Ferrioxalate actinometry was used 
along with an integrating digital photometer.22 The results 
are compiled in Table 111. These runs were made from 3.2 to 
0.4% completion in the direct irradiations and from 0.9 to 0.2% 
in the sensitized runs. Linear extrapolation to zero time gave 
nitrobicyclic quantum yields of 4 = 3.05 X lov4 and 4.52 X 
lop4 for the direct and sensitized runs, respectively. A major 
dependence of quantum yield on extent conversion was ob- 
served for 3,3-diphenylcyclohexanone product. Since this 
quantum yield increased with time, it seems unlikely that this 
ketone is a primary photoproduct. 

An additional effort dealing with the nature of the excited 
state present was undertaken. This utilized the addition of 
isopropyl alcohol in order to determine if an efficient hydrogen 
abstracting excited state was present. With the addition of 
10% isopropyl alcohol to the benzene solvent, a new product 
was obtained in addition to those ordinarily found. This 
proved to be 3,3-diphenylcyclohexanone oxime (12). Runs in 
pure isopropyl alcohol afforded oxime 12 as the major pho- 
toproduct (oxime 12:bicyclic 5:ketone 11,5.7:1:0); note eq 3, 
Table IV, and the Experimental Section. 

Interpretative Discussion. The first clear point deriving 
from the present study is the occurrence of a phenyl migration 
rearrangement parallel to that of enones [e.g., 4,4-diphenyl- 
cyclohexenone (l)]. In analogy to the ketone photochemis- 

it is the trans diphenyl product which is kinetically 
preferred. In the present instance this corresponds to inver- 
sion of configuration of C-3 during phenyl migration and 
bonding of C-3 to C-1. 

The second point of interest is that the reaction appears to 
utilize an excited triplet, again in analogy to the ketone pho- 
tochemistry.3-6 Thus, successful rearrangement on sensiti- 
zation means that, minimally, one knows that the triplet is 
capable of undergoing the rearrangement. The only uncer- 
tainty is whether the species involved in the direct irradiations 
is also the triplet. That the quantum yield in the direct runs 
is two-thirds of the sensitized runs is suggestive. Were these 
the same, one would tend to conclude that the same excited 
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Table IV. Photolysis of 3.3-Diphenyl- 1-nitrocyclohexene in Isopropyl Alcohol 

Reactant Added hirrad,’ Photolysis Conversion, Ratio of 
(MI reagent (M) Solvent nm time, min % products 

Nitro olefin 
(3.58 x lo-;{) 

Nitro olefin 
(3.58 x 10-:{I 

Nitro olefin 
(3.11 X 

Nitro olefin 
(3.11 x lo-:? 

Nitro olefin 
(3.11 X lo-:{) 

None i-PrOH >290 150 66.4 5.7:l.O:O 

None 10% i-PrOH >290 150 19.5 O.9:1.0:-‘ 

15.5 1.3:1.0:0.2 None 10% i-PrOH >330 150 

None 10% i-PrOH >330 30 3.3 0.8:1.0:0.2 

in benzene 

in benzene 

in benzene 

(0.1) in benzene 
Naphthalene 10% i-PrOH >330 150 13.0 1.0:1.0:0.2 

a The filters used were Pyrex, for light of wavelength greater than 290 nm, and a combination of Pyrex and sodium metavanadate 
solution, for light of wavelength greater than 330 nm. The ratio given is the mole ratio of 3,3-diphenylcyclohexanone oxime to 
trans- 5,6-diphenyl-l-nitrobicyclo[3.1.0] hexane to 3,3-diphenylcyclohexanone, determined by NMR, using hand integrations of the 
expanded spectra. Not detected by NMR at normal amplitude. 

state species was rearranging in both direct and sensitized runs 
(i.e., the “fingerprint method” type reasoning) and that in- 
tersystem crossing occurs with unit efficiency. With the two 
quantum yields being potentially orders of magnitude dif- 
ferent but actually being not too different, the simplest con- 
clusion is that the direct irradiations also involve the triplet 
but that the formation of triplet is only 67% efficient. Coin- 
cidentally, the intersystem crossing efficiency of nitrobenzene 
has been reported23 to be 0.67. 

The hydrogen abstraction reaction with isopropyl alcohol 
(note eq 3) seems ascribable to the n-a* triplet. Thus, irra- 

Ph‘ ‘Ph 
2 

--+ - f l N \ 0 H  (3)43d 

Ph X Ph 

12 

diation of nitro compounds in isopropyl alcohol has been re- 
portedz4 to give hydrogen abstraction via the n-a* triplet. 
Hence, in the photochemistry under discussion evidence is 
available that the n-r* triplet is present in solution. 

Still another point is the dramatically lowered quantum 
efficiencies of the nitroalkene rearrangement compared with 
the 0.043 efficiency3h observed for 4,4-diphenylcyclohexenone 
in a parallel process. 

The last point before proceeding to consideration of an 
overall mechanism is that formation of 3,3-diphenylcyclo- 
hexanone (11) is unusual. The more common reaction of a 
nitroalkene is formation of the oximino ketone.25 

A reasonable mechanism for formation of the rearranged, 
bicyclic photoproduct 5 is depicted in Chart I. The scheme in 
Chart I is quite analogous to that“ given for the corresponding 
ketone rearrangement and conforms to the general scheme 
proposed by us 16 years ago.26 The step we termed “rebond- 
ing” or “bond alteration” in the early days of our studies now 
corresponds to the triplet state reaction to give species 13. 
However, 13 is still a triplet and clearly a multiplicity change 
is needed to get to ground state product. This is written as a 
separate step giving zwitterion 14 in Chart I; 14 then bonds 
to afford photoproduct 5. However, it is conceivable that 
multiplicity change and radiationless conversion may lead 13 
directly to photoproduct 5;  thus the zwitterions in the enone 
photochemistry we reported“ have never been intercepted by 
nucleophiles. This contrasts with the case of dienone photo- 

Chart I .  Rearrangement Mechanism 

3 ~ 1  

t hv,inter- 
system crossing 

2 

excited state 

reaction 

Ph 
13 

decay I radiationless 

14 

1 
0 o y  
0,. 

I I  

5 

chemistry where numerous examples of interceptingz7 and 
generating28,z9 zwitterions have been reported. Thus, the 
stepwise nature of the reaction has not been defined with 
certainty. 

The formation of ketone 11 seems most likely to involve the 
initial steps of the Chapman r e a ~ t i o n ~ ~ , ~ ~  except that with 
carbon 2 being quite hindered (adjacent to two phenyl groups), 
it  seems more likely that the enoloxy radical 17 hydrogen 
abstracts to give enol which then affords the observed ketonic 
product. Note Chart 11. This chart also includes a potential 
source of energy dissipation by reversion of the Chapman 
intermediate 15. This would then account for the low reaction 
efficiency. 

We conclude by noting that nitroalkene photochemistry 
does parallel enone photochemistry in specialized, optimum 
cases such as that presently investigated. However, the 
availability of an efficient mode of energy dissipation derives 
from the capability of n-r* nitro moieties to attack ?r systems. 
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Chart  11. Mechanism of Format ion  of 
3,3-Diphenylcyclohexanone 

3[2*] 

i 

15 16 

i 

2 

17 

RHl 

Ph Po Ph 

11 

This leads to  intrusion of an efficient competing reversion 
process and a lower efficiency. 

Experimental Section3(' 
2,2-Diphenylcyclohexanone. This compound was prepared by 

the method of Zaugg et  al. from cyclopentanone in an overall yield 
of 58%, after crystallization from hexane, mp 100.2-101.8 "C (lit. 
97-99 "C). 
3,3-Diphenylcyclohexene. This compound has been previously 

reported by Daubens and was prepared from 2,2-diphenylcyclohex- 
anone by his general m e t h ~ d . ~  A detailed procedure follows. A 50.1-g 
(0.20 mol) sample of 2,2-diphenylcyclohexanone was converted to its 
tosylhydrazone by refluxing for 26 h with 37.2 g (0.20 mol) of p-tolu- 
enesulfonylhydrazine in 400 ml of T H F  containing 0.6 ml of concen- 
trated hydrochloric acid. Benzene (1.5 1.) was added, and the solvent 
distilled off a t  atmospheric pressure until the temperature of the 
distillate stabilized a t  79 "C. The mixture was then cooled to 0 "C, 
mechanically stirred, and treated with 260 ml of a 1.7 M solution of 
methyllithium in ether over 40 min. The resulting solution was stirred 
at  room temperature for 1.5 h, treated with 80 ml of water, poured into 
400 ml of water, and extracted with pentane. The pentane was dried 
and concentrated in vacuo to give 51.0 g (0.20 mol) of 3,3-diphenyl- 
cyclohexene, pure by NMR, which was distilled to give 37.5 g (0.16 
mol, 80%) of 3,3-diphenylcyclohexene, bp 115-145 "C (0.0025 mm). 
Recrystallization from pentane and then from methanol, at  -78 "C, 
gave an analytical sample, mp 44-45 "C (lit.8 31-32 "C). 

The spectral data follow: IR (CHCl?) 3.27,3.32,3.40,3.49,3.51,5.12, 
5.31,5.50,6.27,6.71,6.92,7.45,8.46,8.70,9.01,9.35,9.71,9.98, 10.88, 
11.11,11.68,14.39 p ;  60-MHz 'H NMR (CDC13) T 2.80 (10 H,  m, aro- 
matic), 3.99 (2 H,  m, vinyl), 7.40-8.81 (6 H, m, CH,); UV (cyclohexane) 
260 nm ( e  325): 254 (416), 250 (481), 269 (342). 

Anal. Calcd for Cl~H18: C, 92.26; H, 7.74. Found: C, 92.30; H,  
7.65. 
3,3-Diphenyl-l-nitrocyclohexene.3* A 25-m1(393 mmol) sample 

of dinitrogen tetroxide was vacuum distilled a t  0.05 mm from a steel 
cylinder (Matheson Gas) into a trap cooled to -196 "C. The material 
was then allowed to thaw, and was passed, in a stream of dry air, into 
a stirred solution of 22.5 g (96.2 mmol) of 3,3-diphenylcyclohexene 
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in 400 ml of dry ether a t  0 "C. After all of the gas had been added (4 
h), the reaction mixture was allowed to warm to room temperature 
and stir for 24 h. The resulting dark mixture was cooled to 0 "C and 
treated with 62 g (1.55 mol) of sodium hydroxide in 400 ml of water. 
The two-phase mixture was then magnetically stirred at  room tem- 
perature for 24 h. The resulting mixture was ether extracted, and the 
ether solutions washed with water, dried, and concentrated in vacuo 
to give 17.8 g of a brown solid. Crystallization from hexane and then 
recrystallization from methanol gave 6.83 g (24.5 mmol, 25.4%) of 
3,3-diphenyl-l-nitrocyclohexene, mp 104.0-106.5 "C, pure by NMR. 
Additional recrystallization from ether-hexane, treatment with Norit 
in refluxing methanol, crystallization from methanol, and recrystal- 
lization from ether-hexane gave 5.19 g (18.6 mmol, 19.3%) of pale 
yellow prisms of 3,3-diphenyl-l-nitrocyclohexene, mp 106.0-107.0 
"C, >99.99% pure by GC (0.5% Carbowax 20M, 5% QF-1, and 5% 

The spectraldata follow: IR (KBr) 3.26,3.29,3.38,3.40,3.48,5.08. 
5.26,5.45,5.63, 5.98,6.25,6.54,6.67,6.88,6.94,7.42,8.26,8.64,9.26, 
9.71, 10.70, 10.93, 11.63, 12.09, 12.99, 13.16, 13.51, 13.95, 14.22, 15.67, 
16.39 p ;  100-MHz 'H NMR (CDC13) T 2.30 (1 H, br s, vinyl), 2.60-3.00 
(10 H,  m, aromatic), 7.40 (2  H, m, CH2 adjacent to nitro substituted 
vinyl), 7.73 (2 H, m, CH&Ph2), 8.28 (2 H, m, CHz); 15-MHz I:jC NMR 
(CDCl:3) 18.73 (br d of d ,  central CHY), 24.20 (d of d ,  CHz), 34.75 (d 
of d, CH? adjacent to nitro vinyl), 49.22 (s, Ph2C). 126.73 (aromatic), 
127.56 (aromatic), 128.55 (aromatic), 139.38 (d, vinyl 0 to nitro), 146.17 
(s, tertiary aromatic), 149.60 ppm (s, nitro vinyl); UV (hexane) 244 
nm ( t  8520), 325 sh (138); (95% ethanol) 253 nm ( t  7950); mass spec- 
trum m/e (re1 intensity) 279.12615 (0.5, calcd for C I R H ~ ~ O ,  279.125931, 
250 (0.2), 249.12840 (76.2, calcd for CisHljO, 249.12794), 234 (23.81, 
233 (100.0), 205 (13.3), 204 (9.8), 203 (11.9), 202 (11.9), 193 (6.0), 192 
(6.7), 191 (10.2), 190 (4.8), 189 (6.7), 180 (4.3), 179 (7.4). 178 (12.9), 177 
(3.6), 165 (14.3), 156 (7.4), 155 (38.11, 154 (431,153 (7.41, 152 (9.81, 130 
(8.3), 129 (54.0), 128 (13.8), 127 (10.0), 117 (11.7), 116 (7.1), 115 (27.9), 
105 (15.2), 91 (61.21, 77 (21.4). 

Anal. Calcd for C18H17N02: C, 77.40; H, 613; N, 5.01. Found: C, 
77.16; H,  6.30; N, 4.92. 

Degradation of 3,3-Diphenyl- 1-nitrocyclohexene. A 174-mg 
(0.623 mmol) sample of 3,3-diphenyl-l-nitrocyclohexene was reduced 
with zinc in acetic acid by the general method of Ha~sne r . , ' ~  The nitro 
olefin was dissolved in 15 ml of acetic acid containing 0.5 ml of water 
at  40 "C. Then 800 mg (12.2 g-atoms) of zinc dust was added por- 
tionwise over a period of 5 h. The mixture was heated to reflux, boiled 
for 4 h, stirred a t  room temperature for 10 h, reheated to 40 "C, and 
filtered hot. The zinc was washed with hot acetic acid, the acetic acid 
solutions diluted with 200 ml of water, ether extracted, and the ex- 
tracts neutralized with saturated sodium bicarbonate solution, washed 
with saturated sodium chloride solution, dried, and concentrated in 
vacuo to give 116 mg (0.463 mmol, 74.4%) of :3,3-diphenylcyclohexa- 
none, pure by NMR. whose spectral data were identical with those 
of a known sample of 3,3-diphenyl~yclohexanone.~~~ Recrystallization 
from ether gave 49 mg (0.175 mmol) of colorless crystals. mp 113--116 
"C (lit.'" 114-115 "C). 

Previously unreported spectral data folluw: 15-MHz ]"C NMK 
(CDC1,j) 210.0 (carbonyl), 147.3 (tertiary aromatic), 128.4 (aromatic), 
126.9 (aromatic), 126.2 (aromatic), 53.7 (CHJ, 40.7 (CH?), 35.8 (CHj), 
21.1 ppm (CHz); I J V  (cyclohexane) 243 nm ( t  213). 250 (329), 255 
(442), 259 (497), 263 (5231,270 (414), 283 (29), 291 (32), 298 (32), 308 
(241, 320 (12); mass spectrum m/e (re1 intensity) 251 (19.91, 250.13573 
(100.0, calcd for ClsHlaO, 250.135761, 208 (12.2), 207 (40.4), 194 (17.4), 
193 (98.81, 181 (5.3). 180 (31.2),179 (22.0). 178 (26.6). 173 (lO.l) ,  167 
(9.3), 165 (21.5), 117 (6.5). 116 (5.51, 115 (34.3). 103 (12.9),91 (25.0), 
89 (8.6),83 (8.41, 77 (14.0), 70 (22.61, 57 (9.91, 55 (25.2). 51 (6.9), 43 
(15.0),42 (53.2), 41 (11.01, 39 (5.9). 

Anal. Calcd for CI~HIRO:  C, 86.36; H,  7.25. Found: C, 86.55; H, 
7.22. 

Prepara t ive  Photolysis of 3,3-Diphenyl- 1 -nitrocyclohexene. 
A 435-mg (1.56 mmol) sample of 3,3-diphenyl-l-nitrocyclohexene in 
500 ml of purified benzene was purged with vanadous-purified ni- 
trogen,'jfi for l h prior t o  and during photolysis. The solution was ir- 
radiated through a 2-mm Pyrex filter with a 450-6' Hanovia medium 
pressure mercury arc lamp, monitoring by GC (5% QF-1). After 9.75 
h, the irradiation was discontinued, and concentration in vacuo gave 
435 mg of dark orange oil. Chromatography on a 2.8 X 80 cm Florisil 
(Fisher, 60-100 mesh) column containing 2% of Sylvania no. 290 red 
phosphor, slurry packed with 1% ether in hexane, gave the following: 
fraction 1, 400 ml, 1% ether in hexane, 9.1 mg of unidentified oil; 2 ,  
500 ml, 5% ether in hexane, 0.7 mg of unidentified oil; 3,525 ml, 10% 
ether in hexane, 1.4 mg of unidentified oil; 4, 600 ml. 10% ether in 
hexane, 382 mg of 3,3-diphenyl-l-nitrocyclohexene and trans 4 6 -  
diphenyl-l-nitrobicyclo[3.1.0]hexane, in a ratio of 9:l; 5,600 ml. 1.5% 

SE-30). 
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ether in hexane, 4.3 mg of unidentified oil; 6,1000 ml, ether, 10.6 mg 
of 3,3-diphenylcyclohexanone; 7, 1000 ml, ether, 4.6 mg of an uni- 
dentifiable mixture. All fractions were analyzed by NMR and GC (5% 
QF-1). 

Fraction 4 was rechromatographed on a 2.8 X 80 cm basic alumina 
(Fisher, 80-200 mesh, Brockman activity I) column containing 3% of 
Sylvania no. 290 red phosphor, packed in 1% ether in hexane, to give 
40.7 mg of trans -5,6-diphenyl-l-nitrobicyclo[3.l.0]hexane (pure by 
NMR) upon elution with 50% ether in hexane. The 3,3-diphenyl-1- 
nitrocyclohexene could not be recovered, probably owing to decom- 
position or permanent adsorption on the alumina. Recrystallization 
from ether-hexane gave 18.6 mg of analytically pure colorless crystals 
of trans-5,6-diphenyl-l-nitrobicyclo[3.l.O]hexane, mp 127.5-129.0 
"C. 

The spectral data follow: IR (KBr) 3.26,3.30,3.36,3.38,3.40,3.48, 
5.10, 5.30,5.51, 5.69,6.24,6.59, 6.91,7.37, 7.54,8.22,9.28,9.75,9.92, 
10.57, 10.86, 11.20, 11.74, 12.35, 12.87, 13.11, 13.64, 14.20, 14.77, 16.69 
p; 100-MHz 'H NRlR (CDCXJ 7 2.64 (10 H, br s, aromatic), 5.72 (1 H, 
s, benzylic), 6.74 (1 H,  m, CH2), 7.65 (3 H, m,CH2), 8.42 (1 H, m, CHn), 
9.64 (1 H, m, CHr);  U V  (cyclohexane) 253 nm ( e  3936); (acetonitrile) 
259 nm ( e  3240); mass spectrum rn/e (re1 intensity) 249 (6.5), 233.13322 
(100.0, calcd for CISHI;, 233.13302), 155 (29.41, 154 (2.2), 153 (5.0), 
I52 (6.1), 130 (5.01, 129 (38.1), 128 (13.1), 127 (8.01, 117 (10.9), 116 
(6.1), 115 )22.2), 105 (12.6), 91 (71.31, 77 (17.4). 

Anal. Calcd for CI.IHI;NO~: C, 77.40; H,  6.13; N, 5.01. Found: C, 
77.63: H, 6.25; N,  5.20. 

Fraction 6 was rechromatographed on a 1.2 X 21 cm basic alumina 
(Fisher, 80-200 mesh) column deactivated with 10% water and con- 
taining 5% of Sylvania no. 290 red phosphor, packed in hexane to give 
5.8 mg of 3,3-diphenylcyclohexanone upon elution with 85 ml of 
hexane and then 50 ml of ether. Trituration with chloroform gave 5.0 
mg of colorless crystals, mp 110.5-113.5 "C, whose spectral data were 
identical with those of a known sample of 3,3-diphenylcyclohexa- 
none:" 

Prepara t ive  Photolysis of 3,3-Diphenyl- 1-nitrocyclohexene 
fo r  Quantitative Recovery. A 1.00-g (3.58 mmol) sample of 3,3- 
diphenyl-1-nitrocyclohexene in 1 1. of purified benzene was purged 
with vanadous-purified nit,rogen:i6 for 1 h prior to and during pho- 
tolysis. The solution was irradiated through a 2-mm Pyrex filter and 
4 mm of a 0.025 M solution of sodium vanadate in 0.05 M sodium 
hvdroxide (circulated as lamp coolant) with a 450-W medium pressure 
mercury arc lamp, monitoring by GC (0.25% Carbowax). The Pyrex- 
vanadate filter transmitted light of wavelength above 330 nm. The 
irradiation was discontinued after 10 h 40 min, and the photolysate 
was concentrated and dried in vacuo to give 1.00 g of yellow oil. (The 
U V  spectra of the photolysate and filter solution were not changed 
during photolysis.) Chromatography of the crude residue on a 3.4 X 
28 cm Florisil (Fisher, 60-100 mesh) column, containing 2% of no. 2282 
green Sylvania phosphor, slurry packed in hexane, collecting 1-1. 
fractions, gave the following: fraction 1, hexane, 1.4 mg of unidenti- 
fiable oil; 2 ,2% ether in hexane, 0.8 mg of unidentifiable oil; 3-4,2% 
ether i n  hexane, 732.4 mg of 3,3-diphenyl-l-nitrocyclohexene; 5,2% 
ether in hexane, 19.2 mg of 3,3-diphenyl-l-nitrocyclohexene and 28.9 
mg of traris-5,6-dir)henyl- t-nitrobicyclo[3.1.0]hexane; 6-11,2% ether 
in hexane, 60.7 mg of trans- 5,6-diphenyl-l-nitrobicyclo[3.l.0]hexane; 
12-15, 4-32% ether in hexane, 5.5 mg of overlap; 16, 64% ether in 
hexane, 4.8 mg of X,3-diphenylcyclohexanone; 17-30,33.3 mg of un- 
identified oil; 31-35, %40% methanol in ether, 106.7 mg of unidenti- 
fied oil. Thus, the mass balance is loo%.:" 
2-Phenyl-1-nitrocyclopentene. The procedure of Bordwell" was 

followed to convert 15.1 g (105 mmol) of 1-phenylcyclopentene to 3.69 
g (19.5 mmol, 18.6%) of 2-phenyl-l-nitrocyclopentene, mp 50.5-51.5 
"C (lit." 51.5-52.5 "C)  after chromatography. 

cis-5,6-Diphenyl- 1 -nitrobicyclo[3.1 .O]hexane. To a -77 " C 
slurry of 1.16 g (3.26 mmol) of benzyldiphenylsulfonium tetrafluo- 
roborate" in 7.50 ml of dry DME was added, dropwise, 2.00 ml(2.94 
mmol) of a 1.47 M solution of butyllithium in hexane. The resulting 
light orange suspension was treated dropwise with a solution of 309 
mg (1.63 mmol) of' 2-phenyl-1-nitrocyclopentene in 2.00 ml of dry 
DME. The dark orange mixture was then stirred under nitrogen a t  
-77 to -78 "C for 102 h, monitoring by TLC. The reaction mixture 
was then diluted with 50 ml of water and ether extracted. The extracts 
were washed with water, dried, and concentrated in vacuo to give an 
orange oil. NMR analysis placed an upper limit of 1% on the possible 
yield of trans-5,6-diphenyl-l-nitrobicyclo[3.l.O]hexane, relative to 
the cis isomer. Chromatography on a 2.8 X 90 cm silica gel (Davison, 
60-200 mesh) column containing 3% of Sylvania no. 290 red phosphor, 
slurry packed in hexane, gave the following: fraction 1, 2000 ml, 
hexane, 492 mg of diphenyl sulfide; 2, 1350 ml, 1% ether in hexane, 
nil; 3 ,  225 ml, 1% el her in hexane, 52.1 mg of Z-phenyl-l-nitrocyclo- 

pentene with several unidentified compounds; 4, 1875 ml, 1% ether 
in hexane, 265 mg of 2-phenyl-1-nitrocyclopentene and cis-5,6-di- 
phenyl-l-nitrobicyclo[3.l.0]hexane. All fractions were analyzed by 
GC (5% QF-1). The material from fraction 4 was recrystallized from 
ether-hexane to give 180 mg (0.645 mmol, 39.5%) of colorless prisms, 
mp 110.3-111.5 O C ,  identified as cis-5,6-diphenyl-l-nitrobicyclo- 
[3.1.0]hexane. 

The spectral data follow: IR (KBr) 3.26,3.30,3.36,3.37,3.41,3.48, 
6.24, 6.61, 6.68, 6.91, 7.44, 8.31, 8.51, 9.64, 10.41, 12.02, 12.63, 13.14, 

(10 H, m, aromatic), 6.95 (1 H,  s, benzylic cyclopropyl), 7.20 (2 H, m, 
CH2 adjacent to nitrosubstituted bridgehead), 7.74 (2  H,  m, CH2 
adjacent to phenyl-substituted bridgehead), 8.26 (2 H, m, central CH2 
of three-bridge); UV (cyclohexane) 253 nm ( t  2668); mass spectrum 
m/e (re1 intensity) 249 (23.71, 233.13256 (72.9, calcd for CIsHl;, 
233.133021, 155 (28.81, 129 (67.81, 128 (16.9). 117 (13.6): 115 (30.5), 105 
(28.8), 91 (100.0), 77 (23.7), 74 (28.8). 

Anal. Calcd for C18HI;NOa: C, 77.40; H,  6.13, N, 5.01. Found: C, 
77.59; H, 6.11; N, 5.03. 

270-MHz 'H NMR Spect ra  and  Simulated Spectra of cis- and 
trans-5,6-Diphenyl-l-nitrobicyclo[3.l.O]hexane~~~ GC pure 
samples of both cis- and trans-5,6-diphenyl-l-nitrobicyclo[3.1.0]- 
hexane were analyzed by 270-MHz NMR. 

The spectral data are given in Table 11. 
The methylene regions of the 270-MHz NMR spectra of both cis- 

and trans-5,6-diphenyl-l-nitrobicyclo[3.1.0] hexane were simulated 
using the self-iterative computer program mentioned above.,'i" 

I t  should be noted that the <1.0 Hz coupling constants are neces- 
sary to make the simulated spectrum identical with the observed one, 
but the relative error is ca. 0.5 Hz. 

Isomerization of cis-5,6-Diphenyl- l-nitrobicyclo[3.1.0]hexane 
to  trans-5,6-Diphenyl-l-nitrobicyclo[3.l.O]hexane. A 100-mg 
(0.358 mmol) sample of cis-5,6-diphenyl-l-nitrobicyclo[3.1.0] hexane 
and 11.7 ml(12.0 g, 100 mmol) of acetophenone in 100 ml of purified 
benzene was purged with vanadous-purified nitrogen,ifi for 1 h prior 
to and during photolysis. The solution was irradiated through a 2-mm 
Pyrex filter with a 450-W Hanovia medium pressure mercury arc 
lamp, monitoring by GC (0.25% Carbowax). The concentration of 
acetophenone was such that it absorbed >99% of the ultraviolet light 
incident on the solution. After 25 min of irradiation, all of the starting 
cis isomer had been consumed. The solvent and sensitizer were re- 
moved to give 132 mg of dark orange oil, and NMR analysis of the 
crude photolysate showed trans-5,6-diphenyl-l -nitrobicyclo[3.1.0] - 
hexane to be the only identifiable product. No 3.3-diphenyl-1-nitro- 
cyclohexene was present either by NMR or GC. The crude product 
was dissolved in ether and filtered through a 1.2 X 5 cm silica gel 
column. Removal of the solvent gave 104 mg of an oil which was 
chromatographed on a 1.2 X 26 cm silica gel (Davison, 60-200 mesh) 
column containing 2% of no. 2282 green Sylvania phosphor, slurry 
packed in hexane. Elution, collecting 50-ml fractions, gave the fol- 
lowing: fraction 1, hexane, nil; 2,1% ether in hexane, nil; 3,2% ether 
in hexane, 15.9 mg (0.0569 mmol, 15.9%) of tmns-5,6-diphenyl-l- 
nitrobicyclo[3.1.O]hexane, mp 122-127 "C, after trituration with 
pentane. Recrystallization from hexane-ether gave 5.0 mg of colorless 
prisms, mp 127.0--129.0 "C. The IR, NMR, and mass spectrum were 
all identical with those of the major photoproduct of 3J-diphenyl- 
1-nitrocyclohexene, previously identified as tmns-5,6-diphenyl-l- 
nitrobicyclo[3.l.0]hexane (vide supra). 

Photolysis of 3,3-Diphenyl- 1-nitrocyclohexene to  Extended 
Conversion. A 100-mg (0.358 mmol) sample of' 3,3-diphenyl-l-ni- 
trocyclohexene in 100 ml of purified benzene was purged with vana- 
dous-purified nitrogen:j6 for 1 h prior to and during the photolysis. 
The solution was irradiated through a 2-mm Pyrex filter with a 450-W 
Hanovia medium pressure mercury arc lamp, monitoring by GC (5% 
QF-1). The irradiation was discontinued after 19.0 h, when the ratio 
of major product to starting nitro olefin had reached 0.5:l. The only 
primary products seen were trans-5,6-diphenyl-l-nitrobicyclo- 
[3.1.0]hexane and 3,3-diphenylcyclohexanone. The solvent was then 
removed, and the residue was analyzed by GC (0.590 Carbowax). There 
was no cis-5,6-diphenyl-l-nitrobicyclo[3.1.0] hexane, although as little 
as 0.1% (relative to the trans isomer) would have been detected by 
GC. 

Photostationary State of trans- and cis-5,6-Diphenyl-l-ni- 
trobicyclo[3.1.O]hexane. A mixture of 9.54 mg (0.0341 mmol) of 
trans- 5,6-diphenyl-l-nitrobicyclo[3.l.0]hexane and 1.93 mg (0.00692 
mmol) of cis-5,6-diphenyl-l-nitrobicyclo[3.l.0]hexane in 50 ml of 
benzene was purged with vanadous purified nitrogen,'" for 1 h prior 
to and during photolysis. The solution was irradiated through a 2-mm 
Pyrex filter with a 450-W Hanovia medium pressure mercury arc 
lamp, monitoring by GC (0.25Oh Carbowax). The relative amount of 

13.48, 14.10, 14.31, 15.22 1; 100-MHz 'H NMR (CDCl1) T 2.60-3.20 
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the cis isomer rapidly decreased as the irradiation progressed, until, 
after 10 h, it was no longer present. (As little as 0.03% would have been 
detected.) Thus. the ratio of the cis isomer to the trans isomer is es- 
sentially zero a t  the potostationary state. 

cis- and  trans-5,6-Diphenylbicyclo[3.l.0]hex-2-ene. These 
compounds were prepared by the general method of DaubenY from 
cis- and trans-5,6-diphenylbicyclo[3.l.0]hexan-2-one using a proce- 
dure very similar to that of Zimmerman and Epling.39 
cis-1,6-Diphenylbicyclo[3.1.0]hexane.40 A 88-mg (0.379 mmol) 

sample of cis-5,6-diphenylbicyclo[3.1.O]hex-2-ene and 1.75 g (9.01 
mmol) of dipotassium azodicarboxylate in 20 ml of dry pyridine were 
treated a t  room temperature with 2.00 ml (32.5 mmol) of acetic acid 
in 10 ml of pyridine during 6 h. The resulting mixture was then stirred 
for 27 h, treated with 2.00 ml more of acetic acid over 1.25 h, stirred 
for 23 h, treated with a third 2.00-ml portion of acetic acid, and stirred 
for 4 h. The reaction mixture was then poured into 150 ml of water 
and pentane extracted. The extracts were washed with 10% hydro- 
chloric acid, dried, and concentrated in vacuo to give 73.6 mg (0.314 
mmol, 82.9%) of cis-1,6-diphenylbicyclo[3.l.0]hexane, pure by NMR. 
Chromatography on a 2.8 X 11 cm silica gel (Davison, 60-200 mesh) 
column, slurry packed in hexane, eluting with 750 ml of hexane, gave 
69.7 mg (0.279 mmol, 78.3%) of colorless crystals, mp 74-77 "C (lit.' 
66-68 "C), identified as cis-1,6-diphenylbicyclo[3.l.0]hexane. One 
crystallization from methanol sharpened the melting point to 73-75 
"C and gave 56.1 mg. 

The spectral data follow: IR (KBr) 3.27,3.38,3.46,5.13,5.32,6.22, 
6.63, 6.84,6.86, 7.59, 7.81, 8.13, 8.25, 8.50,9.03,9.09,9.18,9.51,9.55, 
10.22, 10.55, 10.80, 11.31, 12.25, 12.84, 12.99, 13.87, 14.01, 16.47 F ;  
100-MHz 'H NMR (CDC1:J T 2.80-3.40 (10 H, m, aromatic), 7.60-8.80 
(8 H, m, CH2 and cyclopropyl); mass spectrum m/e (re1 intensity) 235 
(12.6), 234.14121 (58.9, calcd for C18H18, 234.140851, 207 (7.31, 206 
(l5.5), 193 (5.0), 192 (6.3), 191 (10.5),179 (4.1),178 (8.5), 177 (1.6),165 
(9.1), 157 (7.9), 156 (24.01, 155 (14.9), 152 (4.7), 144 (14.3), 143 (51.0), 
131 (5.5), 130 (46.7), 128 (23.3), 119 (4.6), 117 (44.9), 116 (9.4), 115 
(23.7), 105 (3.0). 104 (5.5), 103 (7 .7) ,  102 (9.9), 101 (8.9), 92 (8 .7) ,  91 
(100.0), 89 (11.8), 79 (5.L), 78 (7.0),  77 (16.6), 65 (11.11, 63 (6.4), 51 
(10.9). 

Anal. Calcd for ClsHls: C, 92.26; H,  7.74. Found: C, 92.20; H,  
7.84. 

trans- 1,6-Diphenylbicyc10[3.l.O]hexane.~" A 272-mg (1.17 
mmol) sample of trans-5,6-diphenylbicyclo[3.1.O]hex-2-ene and 1.49 
g (7.67 mmol) of dipotassium azodicarboxylate in 37 ml of dry pyridine 
were treated at  room temperature with 1.5 ml(26 mmol) of acetic acid 
in 7 ml of pyridine over 0.5 hand then stirred for 43 h. Another portion 
(3.76 g, 19.4 mmol) of dipotassium azodicarboxylate was added to the 
colorless slurry, followed by the addition of 1.5 ml(26 mmol) of acetic 
acid in 7 ml of pyridine over a period of 4 h. The resulting mixture was 
stirred for 7.5 h, treated with a final 1.60-ml (29 mmol) portion of 
acetic acid in 7 ml of pyridine, and stirred for 25 h. The colorless re- 
action mixture was then poured into 150 ml of water and pentane 
extracted. The extracts were washed with 10% hydrochloric acid, 
washed with saturated sodium bicarbonate solution, dried, and con- 
centrated in vacuo to give 248 mg (1.06 mmol, 90.5%) of a colorless oil, 
pure by NMR and TLC. The oil was chromatographed on a 2.8 X 17 
cm silica gel (Davison, 60-200 mesh) column, slurry packed in hexane, 
eluting with 700 ml of hexane, to give 228 mg (0.973 mmol, 83.2%) of 
analytically pure (GC on 5% QF-1 and 0.25% Carbowax 20M) trans-  
1,6-diphenylbicyclo[3.1 .O]hexane. 

The spectral data follow: IR (neat) 3.23,3.27,3.30,3.37,3.41,3.49, 
5.14, 5.32, 5.53, 5.69, 6.02, 6.24,6.34,6.67,6.78,6.89, 7.47, 7.61, 7.89, 
8.01,8.33, 8.47,8.64,9.1?,9.32,9.73, 10.78, 11.01,11.48, 11.89,12.74, 

T 2.60-3.10 (10 H, m, aromatic), 7.70 (1 H,  d ,  benzylic cyclopropyl, J 
= 8 Hz), 7.80-8.40 (5 H. m, CH? and cyclopropyl methine), 8.70 (1 H,  
m, central CH2 of three-bridge, exo proton), 9.73 (1 H, m, central CH? 
of three-bridge, endo proton); UV (cyclohexane) 253 nm (t 7891,260 
(743), 267 (614), 276 (281); mass spectrum m/e (re1 intensity) 235 
(20.9), 234.140914 (100.0, calcd for ClaH18, 234.140851, 207 (11.81, 206 
(25.4), 193 (8.5), 192 (ll.O), 191 (33.7), 189 (11.6), 179 (6.3),178 (14.8), 
176 (2.7), 165 (14.6), 157 (12.8), 156 (38.2), 155 (26.3), 152 (8.7), 144 
(22.3), 143 (85.61, 131 (8.7), 130 (79.9), 128 (28.1), 118 (7.4), 117 (76.1), 
116 (16.7), 115 (43.4), 105 (6.4), 104 (8.7), 103 (13.9), 102 (15.7), 101 
(13.9). 92 (16.0) 91 (90.5). 89 (21.6). 79 (8.8). 78 (13.3), 77 (30.9),65 

13.23,13.79, 13.!17, 14.37, 14.97,15.70 p; 100-MHz ' H  NMR (CDCl:,) 

(21.5), 63 (11.2) 51 (21.0). 

7.70. 
Anal. Calcd for ClxHls:  C, 92.26; H,  7.74. Found: C, 92.35; H,  

270-MHz 'H NMR Spect ra  of cis- and  trans-1,6-Diphenylbi- 
cyclo[3.1.0]hexane. Analytically pure samples of both cis- and 
trans- 1,6-diphenylbicyclo[3.1.0] hexane (vide supra) were analyzed 
by 270-MHz NMR. The spectral data are given in Table 11. 
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Prepara t ive  Sensitized Photolysis of 3,3-Diphenyl-l-nitro- 
cyclohexene. A 212-mg (0.759 mmol) sample of 3,3-diphenyl-l-ni- 
trocyclohexene in 650 ml of purified benzene containing 50 ml(0.428 
mol) of acetophenone was purged with vanadous-purified nitrogen:lfi 
for 1 h prior to and during photolysis. The solution was irradiated 
through a 2-mm Pyrex filter with a 450-W Hanovia medium pressure 
mercury arc lamp. Additional filtration of the light was accomplished 
by circulating the following filter solution4 around the lamp as coolant: 
20.0 g of cupric sulfate pentahydrate, 157 g of nickelous sulfate 
hexahydrate, 300 g of cobaltous sulfate heptahydrate, and 23.5 g of 
potassium nitrate in 1 1. of distilled water. The concentrations of nitro 
olefin and acetophenone were such that the acetophenone absorbed 
>99% of the light incident on the photolysis solution. After 8.5 h, 
secondary photolysis began to  be apparent, monitoring by GC, 0.25% 
Carbowax, so the irradiation was discontinued and the solvent was 
removed in vacuo. The bulk of the acetophenone was removed by 
distillation a t  40-50 "C (0.8-0.1 mm), and the residue was analyzed 
by GC (0.25% Carbowax) for the possible presence of cis-5,6-diphe- 
nyl-l-nitrobicyclo[3.l.O]hexane. None of the cis bicyclic was detected 
although as little as 0.1%, relative to the trans isomer, would have been 
seen. Chromatography of the ether-soluble portion of the crude 
photolysate on a 2.8 X 86 cm Florisil (Fisher, 60-100 mesh) column 
containing 2% of Sylvania no. 2282 green phosphor, slurry packed in 
hexane, collecting 1-1. fractions, gave the following: fraction 1, hexane, 
nil; 2-4, 1% ether in hexane, nil; 5-8,1% ether in hexane, 47.9 mg of 
3,3-diphenyl-l-nitrocyclohexene; 9-10, 1% ether in hexane, 2.0 mg 
of overlap; 11-13, 2% ether in hexane, 25.7 mg of trans-5,6-diphe- 
nyl-1-nitrobicyclo[3.l.O]hexane; 14-20, 2% ether in hexane, 5.3 mg 
of an unidentified mixture; 21,8% ether in hexane, 8.2 mg of an un- 
identified mixture; 22-23, 32% ether in hexane, 27.1 mg of 3,3-di- 
phenylcyclohexanone; 24-26,32% ether in hexane, 15.8 mg of an un- 
identified mixture. All fractions were identified by GC (0.25% Car- 
bowax) and NMR. 

Prepara t ive  Photolysis of 3,3-Diphenyl-l-nitrocyclohexene 
in Isopropyl Alcohol. A 75.6-mg (0.271 mmol) sample of 3,3-di- 
phenyl-1-nitrocyclohexene in 115 ml of isopropyl alcohol (Mal- 
linckrodt Reagent) was purged with vanadous-purified nitrogen,'" for 
1 h prior to and during photolysis. The solution was irradiated with 
a 450-W Hanovia medium pressure mercury arc lamp, monitoring by 
GC (0.25% Carbowax). The irradiation was discontinued after 150 
min, and the solvent was removed in vacuo to give 84.5 mg of an oil 
which was almost totally a single compound, by NMR. Trituration 
with ether and crystallization from ether gave 16.4 mg (0.062 mmol, 
22.8%) of 3,3-diphenylcyclohexanone oxime, mp 181-191 "C, which 
had all spectral data identical with those of a known sample (vide 
infra). Chromatography on a 1.2 X 10 cm Florisil (Davison, 60-100 
mesh) column, eluting with 10% ether in hexane, followed by recrys- 
tallization from methanol gave an analytical sample, mp 190-199 
"C. 

Anal. Calcd for ClxHlgNO: C, 81.47; H,  7.22. Found: C, 81.29; H. 
7.17. 

3,3-Diphenylcyclohexanone Oxime. A 100-mg (0.399 mmol) 
sample of 3,3-diphenylcyclohexanone was stirred for 12 h with 277 
mg (3.99 mmol) of hydroxylamine hydrochloride and 41 mg (0.5 
mmol) of sodium acetate in ethanol-water (51 v/v). The reaction 
mixture was then poured into water, ether extracted, dried, and 
concentrated in vacuo to give 64.0 mg of a colorless, crystalline solid. 
Recrystallization of 55 mg from methanol gave 46 mg (0.173 mmol, 
51.8Oh based on total crude product) of colorless crystals, mp 191-199 
"C. 

The spectral data follow: IR (KBr) 3.08,3.17,3.26,3.37,6.17,6.68, 
6.90, 7.40, 7.51, 7.74, 7.92, 8.06, 9.17, 9.64, 10.08, 10.49, 10.72, 10.95, 

br s, OH), 2.80 (IO H, m, aromatic), 6.84 ( 2  H, s, CH?), 7.20-7.80 (4  H, 
m, CHe), 8.00-8.60 ( 2  H, m, CH2); UV (95% ethanol) 262 nm ( e  519), 
268 (377); mass spectrum m/e (re1 intensity) 266 (19.71, 265.14652 
(100.0, calcd for ClaNlyNO, 265.14666), 249 (21.51, 248 (96.9), 193 
(23.5), 191 (22.7), 179 (14.3), 178 (27.2), 170 (24.5), 167 (17.3), 165 
(24.0), 130 (16.5), 129 (52.0), 128 (10.9), 115 (46.71, 105 (19.1), 103 
(12.4), 98 (10.4), 91 (58.5), 77 (21.2). 

Anal. Calcd for C ~ ~ H I ~ N O :  C, 81.47; H, 7.22. Found: C, 81.32; H,  
7.22. 

Photolysis of 3,3-Diphenyl-l-nitrocyclohexene in Isopropyl 
Alcohol. A 200-mg (0.716 mmol) sample of 3,3-diphenyl-l-nitrocy- 
clohexene in 200 ml of isopropyl alcohol was purged with vanadous- 
purified nitrogen,j6 for 1 h prior to and during photolysis. The solution 
was irradiated with a 450-W Hanovia medium pressure mercury arc 
lamp, through a 2-mm Pyrex filter, monitoring by GC (0.25% Car- 
bowax). After 150 min of irradiation, the solvent was removed in vacuo 
to give a yellow oil which was analyzed by NMR and found to contain 

11.98,13.00, 13.18,14.03, 14.27 p; 60-MHZ NMR (CDCl:!) T 1.92 (1 H, 
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3,-diphenylcyclohexanone oxime, trans-5,6-diphenyl-l-nitrobicy- 
clo[3.1.0)hexane, and 3,3-diphenyl-l-nitrocyclohexene in a ratio of 
<5.73:1.00:3.40. The product ratio was determined by hand integration 
of the expanded 100-MHz NMR spectrum. If any 3,3-diphenylcy- 
clohexanone were present, it was not present in sufficient amount to 
be detected. Crystallization of the crude product from methanol, 
treatment with Norit, and a second crystallization from methanol gave 
89.2 mg (0.336 mmol, 46.90;) of 3,3-diphenylcyclohexanone oxime, 
inp 184-195 "C. 

Photolysis of 3,3-Diphenyl-l-nitrocyclohexene in 10% Iso- 
propyl Alcohol. A solution of 3,3-diphenyl-l-nitrocyclohexene in 
10% isopropyl alcohol in benzene ( v h )  was purged with vanadous- 
purified nitrogen:'6 for 1 h prior to and during the photolysis. In runs 
1-4 the solution was irradiated with a 450-W Hanovia medium 
pressure mercury arc lamp through 2 mm of Pyrex and a 4-mm 
thickness of 0.025 M sodium vanadate in 0.05 M sodium hydroxide, 
circulated as lamp coolant. In run 4, only Pyrex was used as a filter. 
The filters were such that. the light transmitted was of wavelength 
longer than 330 or 290 nm. respectively. The nitro olefin absorbed 
>99?kr of the incident L Y  light, relative to any other species in solution. 
After the irradiation, the photolysate was concentrated in vacuo and 
(in the quenched run) the naphthalene was removed by sublimation 
at  40 "C (0.05 mm). The ultraviolet spectrum of the photolysate and 
filter were the same before and after photolysis. By a combination of 
NMH and GC analysis (tetraphenylethylene internal standard) the 
quantities of tra~s-5,6-diphenyl-l-nitrobicyclo[3.1.0]hexane, 3,3- 
diphenylcyclohexanone, and 3,3-diphenylcyclohexanone oxime 
produced were determined. The details of each run are given 
heloa. 

Run  1. Starting nitro olefin, 0.358 mmol in 115 ml of 10% isopropyl 
alcohol in benzene: 150 min photolysis time; bicyclohexane formed, 
0.022,5 mmol; cyclohexanone formed, 0.0045 mmol; oxime formed, 
0.0284 mmol; 15.5% conversion. 

Run  2. Starting nitro olefin. 0.358 mmol in 115 ml of 10Y0 isopropyl 
alcohol in benzene containing 0.1 M naphthalene; 150 min photolysis 
time: bicyclohexane formed, 0.0207 mmol; cyclohexanone formed, 
0.00456 mmol; oxime formed, 0.0213 mmol; 13.0% conversion. 

Run 3. Starting nitro olefin, 0.358 mmol in 115 ml of 10% isopropyl 
alcohol in benzene: 30 min photolysis time; bicyclohexane formed, 
0.N678 mmol; cyclohexanone formed, 0.00121 mmol: oxime formed, 
0.00488 mmol; 3.3% conversion. 

Run 4. Starting nitro olefin, 0.358 mmol in 100 ml of 10% isopropyl 
alcohol in benzene: 150 niin photolysis time; ratio of oxime to bicy- 
clohexane, 0.94:1.00; 19.5% conversion. 

Appara tus  fo r  Quantum Yields. The quantum yield photolyses 
were run on the "Black Box" apparatus." Light output was measured 
hy ferrioxalate actinometry." The light absorbed in the reaction cell 
was determined by the splitting ratio technique." The light was fil- 
tered through a three-compartment cell containing one of the fol- 
lowing solution filter combinations. Filter A, (a) 0.1 M cupric sulfate 
pentahvdrate in I'%n sulfuric acid, (b) 1.0 M cobaltous sulfate hepta- 
hydrate in 5% sulfuric acid. (ci 2.0 M nickelous sulfate hexahydrate 
in 5% sulfuric acid: this combination gave a maximum transmission 

) at 317 nm and was opaque beloK 280 nm and above 360 nm. 
r B. (a) 1.0 M cupric sulfate pentahydrate in 5% sulfuric acid, (b) 

2 , O  M cobaltous sulfate heptahydrate in 5% sulfuric acid. (c) 0.5 M 
nickelous sulfate hexahydrate in 1.5% sulfuric acid: this combination 
gave a maximum transmission (24%) at 337 nm and was opaque below 
310 nm and above :375 nni. 

Direct Quantum Yields. The direct photolyses for quantum yield 
determinations were run in purified benzene. The photolysis solution 
was purged with \,anadous-purified nitrogen"6 for 1 h prior to and 
during irradiation The photolysates were analyzed by GC on a 4 ft 
X 0.% in. column . i t '5% SE-30 on Varaport 30, 100/120 mesh, at  170 
"C using tetraphenylethylene as internal standard. Data for the 
quantum yields are as follows. 

R u n  1. Filter A;  starting nitro olefin, 2.40 mmol in 750 ml; 225.1 
niEinsteins absorbed; bicyclohexane formed, 0.0688 mmol; d, = 
0.000306; ketone formed, 0.00895 mmol, @ = 0.0000397: 3.24% con- 
version. 

R u n  2. Filter A. starting nitro olefin, 2.40 mmol in 750 ml; 110.4 
niEinsteins absorbed; hicyclohexane formed, 0.0335 mmol, d, = 
0.000:303; ketone formed, 0.00414 mmol, d, = 0.0000375; 1.63% con- 
version. 

Run  3. Filter A. starting nitro olefin, 2.40 mmol in 750 ml; 54.65 
mEinsteins absorbed: bicyclohexane formed, 0.0166 mmol, @ = 
0.000304; ketone formed. 0.00162 mmol, @ = 0.0000263; 0.759% con- 
version. 

Run  4. Filter A: starting nitro olefin, 2.40 mmol in 750 ml; 26.96 
mEinsteins absorbed; bicyclohexane formed, 0.00822 mmol, d, = 

0.000305; ketone formed, 0.000440 mmol, @ = 0.0000161; 0.361% 
conversion. 

Sensitized Quantum Yields. The sensitized photolyses for 
quantum yield determinations were run in purified benzene con- 
taining enough acetophenone to absorb >99% of the light incident on 
the solution. The photolysis solution was purged with vanadous- 
purified nitrogen:'fi for 1 h prior to and during irradiation. The ace- 
tophenone was removed in vacuo (0.04 mm) a t  40-50 "C before GC 
analysis, performed as in the direct quantum yields. Data for the 
quantum yields are as follows. 

R u n  1. Filter B; starting nitro olefin, 0.752 mmol in 750 ml; 8.03 
mEinsteins absorbed; bicyclohexane formed, 0.00313 mmol, @ = 
0.000390; ketone formed, 0.00339 mmol, 0 = 0.000422; 0.867% con- 
version. 

Run  2. Filter B; starting nitro olefin, 0.749 mmol in 750 ml; 3.99 
mEinsteins absorbed; bicyclohexane formed, 0.00174 mmol, d, = 
0.000437; ketone formed, 0.000826 mmol, @ = 0.000207; 0.343% con- 
version. 

Run  3. Filter B; starting nitro olefin, 0.751 mmol in 750 ml; 2.27 
mEinsteins absorbed; bicyclohexane formed, 0.000982 mmol, d, = 
0.000433; ketone formed, 0.000375 mmol, = 0.000165; 0.181% con- 
version. 
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T h e  t i t le  compound 7 has been synthesized by reaction of ter t -  butylamine w i t h  cycloocta-2,7-dienone. ':'C NMR 
and pK, measurements of 7 show t h a t  the nitrogen a tom of 7 is either a f lattened pyramid  or planar. 

Six-membered cyclic compounds in chair conformations 
bearing axial tert-butyl groups are rare, as would be antici- 
pated based upon the severe 1,3-diaxial steric interactions 
inherent in such conformations.' For instance, in order to 
avoid having an axial tert- butyl group, twist boat conforma- 
tions are preferred for trans- 1,3-di-tert-butylcyclohexane,2a' 
cis- 1,4-di-tert- b u t y l c y ~ l o h e x a n e , ~ ~ ~ ~  and &,trans- 1,3,5-tri- 
tert- butylcyclohexane;2e however, for both cis- and trans- 
1,2-di-tert- butylcyclohexane chair conformations with axial 
tert- butyl groups have been found to be important.2f,g Other 
carbocyclic examples are 2-tert- butyladamantane (IC) ,:ja 2- 
tert- butyladamantan-2-01 ( la),3b and 9-tert-butylbicy- 
cl0[3.3.l]nonan-9-01 (2a)."C The corresponding p-nitroben- 

cVx Tx 
la-c 2a, b 

a, X = O H  
b, X = p.NO2CGH4C02 
c , X = H  

zoates l b  and 2b exhibit extraordinarily high solvolytic 
reactivities due to relief of strain during ion i~a t ion .~~-d  

Heterocyclic corn pound^^,^ such as cis-2-alkyl-5-tert- 
bu ty l - l ,3 -d ioxane~~~ and 5-tert-butyl-1,3,2-dioxaphospho- 

rimse with axially disposed tert- butyl groups have also been 
described. In these molecules the severe 1-tert- butyl-3-hy- 
drogen diaxial interactions present in carbocyclic compounds 
are absent.6 

Recently Cuthbertson and MacNicol have reported the 
preparation of 9-tert- butyl-9-azabicyclo[3.3.l]nona-2,6-diene 
(3),7 a compound in which the 1,3-diaxial interactions are 

,t-Bu 
N 

3 

diminished by flattening of the carbon bridges. We now report 
the synthesis and interesting properties of 9-tert- butyl-9- 
azabicyclo[3.3.1]nonan-3-one (7). For comparison we have also 
prepared the N-methyl, N-ethyl, and N-isopropyl analogues 
4-6. We were intrigued with the possibility of detecting a 
flattening of the nitrogen pyramid to relieve some of the steric 

( 0  

4, R = M e  
5, R = E t  
6, R = i-Pr 
7, R =  t-Bu 


