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626-05-1; 2,6-dichloropyridine, 2402-78-0; 2,6-dihydroxy-2,6-di- 
methyl-4-heptanone, 3682-91-5. 
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T h e  boron trif luoride/copper b romide catalyzed reactions o f  benzal- and methylenebisurethane w i t h  a-phel lan- 
drene (3) have been investigated. Benzalbisurethane (4) affords a 37/63 mix tu re  o f  3-endo- and -exo-phenyl-5- 
methyl-7-isopropylisoquinuclidines (1  and 6), the products of regiospecific 1,4-cycloaddition of  benzalimi- 
nourethane (5) t o  a-phellandrene (3). Methylenebisurethane 17 and a-phellandrene (31, however, a f ford N-ca rb -  
ethoxy-l-m~~thyl-4-isopropenyl-6-azabicyclo[3.2.l]octane (19) and N-carbethoxy-3,7,7-trimethyl-9-azabicyclo- 
[4.3.0]non-2-ene (20), products der ived by formal  1,3-cycloaddition of  iminourethane t o  p-menthadiene isomers 
o f  n-phellandrene (4); thus, methylenebisurethane 17 and a-terpinene also af forded 19 and 20. Ozonolysis of 19 
completed a two-step synthesis of N-carbethoxy-l-methyl-6-azabicyclo[3.2.l]oct-4-one (21). Camphene (29) and 
17 af forded ,amidoalkylation produc t  31. 

The Diels-Alder cycloaddition of imines with conjugated 
dienes offers a convenient synthetic route to  diverse azacyclic 
and azabicyclic, molecules.*4 Surprisingly, however, questions 
of regiochemistry and stereochemistry in these additions have 
been little e ~ p l o r e d . ~  In one study by Harter and Liisberg3g 
a regioisomeric mixture of anti-  isopropyl, endo-phenyliso- 
quinuclidines 1 and 2 of unspecified relative amounts has been 

COOEt 

1 2 
reported from the reaction of a-phellandrene (3) with ben- 
zalbisurethane (4), a precursor of the iminourethane 5. 

We decided to continue the study of alkylidenebisurethane 
reactions with cyclic terpenes for several reasons. We doubted 
the regiochemical and stereochemical assignments given to 
the mixture of 1 and 2. Cycloaddition reactions of iminoure- 
thane 5 with cyclohexa-1,3-diene do not afford 3-endo- 
phenylisoquinuclidine (7) only; they afford a 3-endolexo- 
phenylisoquinuclidine 718 mixture with the 3-exo-phenyl 
isomer 8 predominating.lg Also, considerations of relative 
carbonium ion stabilities in a stepwise addition of  an im- 
monium ionlb,fsg to  a-phellandrene might favor regioisomer 
1 to the exclusion of 2. Cyclic terpenes are readily available 
and facile synthetic access to the ring skeletons of several al- 
ka l0 id~9~ systems is available by direct cycloaddition*i or re- 
arrangement4 of initially formed adducts. We hoped to extend 
the scope of these syntheses. 

Results and Discussion 
Reactions of a-Phellandrene and Benzalbisurethane. 

Reaction of a-phellandrene (3) with benzalbisurethane (4) in 
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refluxing benzene or chloroform containing boron trifluoride 
etherate and copper bromide as catalyst3c gave what was 
shown by NMR analysis to be a mixture of 3-endo-phenyl 
adduct 1 (37%) and 3-exo-phenyl adduct 6 (63%). For the 

+ PhCH(NHC0OEt)j 
4 

3 I 

PhCH=hHCOOEt , 
Hj,(Ph) 

5 

CH U 
11, I 

Hj,,(Ph) 
1, Ph-endo, H,,, R = COOEt 
6 ,  Ph-exo, H,,, R = COOEt 
9, Ph-endo, H,,, R = CH, 
10, Ph-exo, H,,, R = CH, 
11, Ph-exo, H,”, NR = NMe,+ 

+ Hh’ Hd 

Me2NydJHG Ph 

12 
(1 

7, Ph-endo, H,, 
8,  Ph-exo, H,, 

minor endo-phenyl isomer 1 proton H B ~  at  b 4.60 (d, J3x,4 = 
4 Hz) coupled only with H4 at  6 2.50. With the major exo- 
phenyl isomer 6 proton H3n a t  6 4.36 (m, J3n,4 = 4.75, J3n,8s = 
2 Hz) showed long-range W-plan coupling to Hae character- 
istic of the 3-endo proton in isoquinuclidines.le,g Absorption 
for allylic methyls of 1 and 6 appeared as singlets a t  6 1.86 and 
1.88. The downfield shift of Hsx (6 4.60) of 1 relative to  HZn ( b  
4.36) of 6 compares favorably with the chemical shifts (ace- 
tone-ds) of N-carbethoxy-endo- and exo- 3-phenylisoquinu- 
clidines (7 and 8) for Hsx (6 4.70) and H3,, (6  4.38).’g Stereo- 
chemical ratios of 1 and 6 were determined by the relative 
NMR integrated areas for protons Hsx and Hsn. A somewhat 
lower exo-phenyl preference is observed with a-phellandrene 
(3) as diene (63% 3-exo-phenyl isomer 6) than with cyclo- 
hexa-1,3-diene (80% 3-eno-phenyl isomer 8).lg 

The mixture of 1 and 6 was reduced with lithium aluminum 
hydride in ether to afford a mixture of the 3-endo-phenyl- 
amine 9 and the 3-exo-phenylamine 10. Column chromatog- 
raphy gave amines 9 (42%) and 10 (58%) in a ratio comparing 
favorably with the ratio of 1 to 6 (37/63) obtained by NMR 
integration. Reaction of the mixture of 9 and 10 as reported 
by Harter and Liisberg3g with methyl iodide in acetone a t  
room temperature afforded a crystalline methiodide 11 from 
the major 3-exo-phenyl isomer 10 and a residue of the minor 
3-endo-phenyl isomer 9 which had not been methylated. The 
gross structural features of the cycloadduct 6 were confirmed 
by pyrolyzing the hydroxide salt of quaternary ammonium 
salt 11 to form amine 12. The structure of 12 was determined 
from its NMR spectrum; the spectral analysis did not enable 
a determination of the relative stereochemistry of the alkyl 
substituents of 12. 

Mechanistic Discussion. Several reaction sequences for 
formation of cycloaddition products from diene and immon- 
ium ions have been proposed.’g These are shown in Scheme 

Scheme I. Mechanistic Alternatives for Formation of 
Isoquinuclidine 6 

path 1 

3 

13 14 

6 
path 2 

3 14 

f 

5 

6 
f I 

I/-...’ A’..- --... &Ph 

1 Loom 

15 
I for isoquinuclidine 6; the mechanistic scheme for the ste- 
reoisomer 1 is the same in principle. 

Path 1. A stepwise addition of the diene 3 to the carbon of 
the immonium ion 5 leads to the terminally methyl-substi- 
tuted allylic cation 13; intramolecular trapping of 13 leads to  
isoquinuclidine 6. An anti  orientation for isopropyl would 
result from attack of 5 a t  the less hindered face of the diene, 
but the distance of the isopropyl group from the reaction site 
makes it difficult to  account for facial selectivity via this 
mechanistic pathway. The  preferential 3-exo- phenyl stereo- 
chemistry favoring 6 over 1 results if the immonium ion 5 
approaches the diene 3 with the larger phenyl substituent 
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oriented predominantly over the diene and away from the 
hydrogens of the diene bridge to  give 13. Subsequent bond 
rotation to  14 and intramalecular ring closure leads to  3- 
exo-phenylisoquinuclidine (6).7 Since Dreiding molecular 
models suggest intolerable steric interaction between phenyl 
and the allylic proton in a path 1 transition state going to  13 
but affording the stereoisomeric 3-endo- phenylisoquinucli- 
dine ( I ) ,  we do not favor the path 1 mechanism. 

P a t h  2. Cyclic stepwise or concerted [*4 + =2] transition 
states might be involved. The  observed regiochemistry in 
forming 6 from intermediate 14 or transition state 15 is that  
expected from consideration of allylic carbonium ion stabili- 
ties. A concerted cycloaddition of a charged immonium ion 
5 to diene 3 via 15 might be expected to have a transition state 
polarization paralleling in stability the ground state allylic 
cation 14. An anti orientation for the isopropyl group can be 
suggested on the basis of the rule of steric approach control8 
in cycloaddition reactions as has been done for other a-phel-  
landrene cycloadduct s . ~  The preferential formation of 3- 
exo- phenylisoquinuclidine (6) in a kinetically controlled cy- 
cloaddition1° would result if carbethoxyl has a greater endo 
preference than phenyl and if the immonium ion 5 has the 
more stablelb E configuration.ll Substituent preferences 
determined in the Diels-Alder reaction of cyclopentadiene 
with trans-cinnamic acid methyl ester show 44% exo-phenyl 
isomer and 2-phenylmethylacrylic acid affords 60% exo- 
phenyl isomer.8 These results indicate that  phenyl and carb- 
ethoxyl have similar endo substituent preferences in the 
Diels-Alder reaction and they are consistent with the observed 
63/37 ratio of 6/1 in a cyclic transition state. I t  is nevertheless 
possible that the exo- phenyl preference may be due to  other 
factors associated with a longer lived carbonium ion species 
formed by a stepwisie, but cyclic, reaction. Selectivity in 
trapping of intermediate 14 by external urethane nucleophile 
may affect the observled stereochemical preference.lg 

Reac t ion  of a-Phel landrene  wi th  Methylenebisure- 
thane.  In an attempt to synthesize the isoquinuclidine ring 
system 16 by a [4 + 21 cycloaddition a-phellandrene (3) and 
methylenebisurethane 17 were reacted in benzene or chloro- 
form using boron trifluoride etherate and copper bromide 
catalysts. Two major products were isolated; neither adduct 
corresponds to  the expected cycloaddition product 16! The 
major products, assigned structures 19 and 20, arise not by 
1,4-cycloaddition, but by novel 1,3-cycloadditions of imi- 
nouret hane to p-men1 hadiene isomers of a-phellandrene. 

The structures of 1'3 and 20 were assigned with the aid of 
NMR spectral parameters. Of special interest to the present 
study was the NMR (CDC13) resonance for the major product 
N-carbethoxy-l-methyl-4-isopropenyl-6-azabicyclo[3.2.1] - 
octane (19) a t  ii 1.60 :s) for the two isopropylidene methyl 
groups and the absence of peaks in the vinyl region. Proton 
Hs at  6 4.84 (d, J ~ , B ~  = 6 Hz) is allylic and next to nitrogen. The 
proton H7x a t  6 3.26 ((1, J = 10 Hz) is coupled only to H7n a t  
6 3.02 (d)12 confirming the bridgehead position for the singlet 
methyl a t  6 1.05. One of the allylic protons H3 appears at  6 2.48 
(dd, J = 15.5,5.7 Hz); the other H3 proton is part of a broad 
envelope from 6 0.8 to  2.0. Ozonolysis of 19 afforded 1- 
methyl-6-azabicyclo[3.2.l]oct-4-one (21). The NMR spectrum 
of 21 showed a single methyl peak a t  6 0.78 (s) confirming 
cleavage of the isopropylidene double bond and loss of the 
allylic methyl groups. 

The NMR spectrum of the minor product N-carbethoxy- 
3,7,7-trimethyl-9-azabicyclo[4.3.0]non-2-ene (20) showed 
peaks for the protons Hax and Han next to nitrogen a t  6 3.32 
and 3.10 only mutual!ly coupled with J = 11 Hz; geminal 
methyls appear as singlets a t  6 1.02 and 0.98. Olefinic proton 
H2 a t  d 5.94 is broad, but narrows to  a broadened doublet, J 
= 3 Hz (long-range coupling), upon irradiation of H1 a t  6 4.20 
(broad). The allylic methyl appears as a singlet a t  6 1.72. The 

ec 
16 

+ CH,(NHCOOEt), 
17 

3 

+ 
CH.=NHCOOEt 

n 
difficulty in resolving H1 precluded determination of the 
stereochemistry of ring fusion using spin decoupling tech- 
n i q u e ~ ; ~ ~ ~  however, the broadening of H I  suggests the more 
flexible cis configuration for 20 in agreement with mechanistic 
considerations (vide infra). 

Mechanism. Equilibration studies14 of p -menthadienes 
in sulfuric acid (Scheme 11) show that  a-phellandrene (3), the 

Scheme 11. Equilibrium Concentrations of p-Menthadienes 
in Acid14 

3 (0%) 22 (53%) 23 (30%) 24 (14%) 

starting material in the formation of 19 and 20, is nearly totally 
converted to a mixture of a-terpinene (221, isoterpinolene (23), 
y-terpinene (24), and other minor components. Upon con- 
sideration of the data of Scheme I1 a postulated mechanism 
for formation of 19 and 20 from p-menthadienes in acidic 
medium can be shown in Scheme 111. Addition of an  acid 
complexed iminourethane 18 to  the less hindered end of the 
major conjugated diene 22 in an equilibrating mixture of p -  
menthadienes will afford cation 25. Proton loss and reproto- 
nation will give a new allylic cation 26, which upon internal 
trapping by the proximate nucleophilic urethane nitrogen 
gives 19. Similarly, addition of protonated iminourethane 18 
to  the exocyclic terminus of 23 will afford allylic cation 27. 
Deprotonation of 27 and reprotonation to  give 28 will lead to 
20 upon intramolecular cyclization by urethane nitrogen. 
Consideration of models of a planar allylic cation 28 indicates 
that  ring closure will lead to  a cis ring fusion in 2013 because 
of conformational rigidity of the intermediate. 
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Scheme 111. Proposed Mechanisms for Formation of 19 
and 20 

.NHCOOEt 

19 

t 
NHCOOEt $ +CHl=::COOEt 

25 22 

It 

Et OOCNH' 
27 

1 

23 

yy-fi COOEt I 
EtOOCN 

20 28 

Consistent with the proposed mechanism of Scheme 111 was 
the  reaction of a-terpinene (22) with methylenebisurethane 
17 to give 19 and 20 in a 60/40 ratio. The  greater percentage 
of 20 in this reaction possibly indicates a greater percentage 
of 23 in a preequilibrium mixture of p-menthadienes than 
found during the reaction with a-phellandrene (3). Although 
the p-menthadiene equilibrium has been reached from a -  
pinene,15 attempted reactions with a -  and @-pinene, A-carene, 
or limonene did not lead to a clean formation of 19 and 20, but 
to mixtures of numerous components. This is reasonable, since 
during acid-catalyzed terpene equilibration the numerous 
olefinic species can be trapped by protonated iminourethanes 
or by protons and urethane before the  equilibrium mixture 
of p-menthadienes rich in 22 and 23 can be reached. Cam- 
phene (29) did not equilibrate to p-menthadienes during re- 
action with methylenebisurethane 17, bu t  afforded cleanly 

+ CH,(NHCOOEt), 
17 

29 

30 -eb NHCOOEt -4 
32 ' \  

Ha Hh 
31 

the  amidoalkylation product 31. T h e  structural assignment 
to  31 was based upon ruthenium tetroxide cleavage of 31 to 
camphenilone (32) and the  NMR spectrum (CDClB) of 31,6 

31 can be formed by attack of 29 on immonium ion 18 t o  afford 
carbonium ion 30; loss of a proton from 30 yields 31. 

4.95 (t,J = 7 Hz, Ha), 3.73 (t, J = 7 Hz, Hb), 4.74 (NH). Adduct 

Conclusion 
The  reaction of benzalbisurethane 4 with a-terpinene (22) 

afforded a mixture of numerous components; however, TLC 
comparison showed no evidence for formation of 1 and 2. 
Thus, primary formation of 1 and 2 in the  reaction of ben- 
zalbisurethane 4 with a-phellandrene (3) rather than with 
later formed isomeric p-menthadienes (Scheme 11) is con- 
sistent with a greater reactivity of benzaliminourethane 5 than 
methyleneurethane 18 with a-phellandrene under conditions 
of boron trifluoride etherate catalysis. This contrasts with a 
reported much lower reactivity of 4 than 18 with norborna- 
diene;2c it is possible that steric effects in the transition state 
for reaction of t he  phenyl substituted imine 5 with norbor- 
nadiene present too high a barrier t o  reaction. 

The present conversion of a-phellandrene to 19 represents 
one of the simplest synthetic routes to  this azabicyclic ring 
systern.l6 T h e  indication that product formation can be de- 
pendent on the  timing of introduction of the alkylidene- 
bisurethane to a dienic system capable of acid-catalyzed 
isomerization is under further investigation in order to extend 
the synthetic utility of these reactions. 

Experimental Section 
NMR spectra were determined on a Varian Associates XL-100-15 

spectrometer using MedSi as internal standard. Solutions of 5-10% 
solute in CDC13, acetone-& or benzene-& were used for NMR 
measurements. Chemical shifts were where necessary obtained with 
the aid of decoupling experiments. NMR spectra were simplified by 
observation at  elevated temperatures (77-88 "C) in order to rapidly 
average urethane conformations. At ambient temperatures super- 
imposed spectra of conformers often complicate the observed patterns 
for the protons directly adjacent to  nitrogen. 

General Procedure for Reaction of Terpenes. A solution of 
diene (13.6 g, 0.1 mol) in 100 mL of dry benzene or chloroform was 
added dropwise over 30 min to a stirred refluxing solution of alkyli- 
denebisurethane (0.1 mol) and 5 mL of boron trifluoride etherate in 
200 mL of dry benzene or chloroform. In some cases copper bromide 
(1-2 g) was initially added. After refluxing for 3-15 h the reaction 
mixture was cooled, washed with water, aqueous sodium carbonate, 
10% hydrochloric acid, and water, and then dried over magnesium 
sulfate. Solvent was removed in vacuo and the residue was extracted 
with petroleum ether. After evaporation of solvent the product was 
isolated by distillation, column chromatography, or VPC. The a- 
phellandrene (3) (MCB) was 83% pure by VPC; 17% had aromat i~ed .~~ 
Wallach'sZ5 procedure was used to convert terpineol to a-terpinene 
(22), which was purified by spinning band distillation. Camphene (29) 
was obtained from MCB. 

a-endo- and -exo-Phenyl-5-methyl-7-isopropylisoquinucli- 
dines (1 and 6). Reaction of a-phellandrene (3) with benzalbisure- 
thane 4 in benzene with boron trifluoride catalysis according to the 
Harter procedure3g afforded a liquid mixture of the previously re- 
ported, inadequately characterized, and incorrectly identified 1 and 
6: bp 141-153 "C (0.125 mm) [liL3g bp 170 "C (2  mm)]; NMR (ace- 
tone-&, 70 " C )  of the mixture of 1 and 6,6 0.78 (3 H, t, J = 6 Hz), 
0.86-1.86 (10 H, m), 1.86,1.88 (3 H, twos), 2.50 (Ha, m), 3.95 (2 H, q), 
4.36 (H3", m, J3,,,4 = 4.75, J3",% = 2 Hz, 63% of a proton integral), 4.60 
(Hsx, d, J3r,4 = 4 Hz, 37% of a proton integral), 4.90 (HI, m), 6.00 (Hs, 
m), 7.20 (5 H, m). The 63/37 ratio of 6/1 was determined from the 
relative integrals for Hsn and H B ~  of 6 and 1. 

N-Methyl-3-endo- and -exo-phenyl-5-methyl-7-isopropyl- 
isoquinuclidines (9 and 10). Reduction of 1.1 g of the mixture of 1 
and 6 with lithium aluminum hydride according to the procedure of 
Hark& afforded an endo/exo mixture of amines 9 and 10, bp 101-1 10 
"C (0.15 mm) [lit.3g bp 110 "C (0.5 mm)]. The amines could be sepa- 
rated by dry column chromatography (Analtech, silica gel GF, 1000 
pm, 10 hexane:l ethyl acetate) to give 9,410 mg (42%), and 10,570 mg 
(58%). NMR (CDC13) of 9 showed 6 0.64-1.84 (10 H, m), 1.94 (3 ,  s), 
2.20 (3 H, s), 2.24 (1 H, m), 2.94 (Hzx, broad s), 3.34 (HI, dd, J = 2,5 



2490 J .  Org. Chem., Vol. 42, No. 14, 1977 

Hz), 5.88 (1 H, d, J = 5 Hz, some small coupling), 7.30 (5 H, m). NMR 
(CDCl3) of 10 showed 6 0.80-1.90 (10 H, m), 1.48 (3 H, e), 2.26 (H4, m), 
2.34 (3 H, s),3.06 (H3,,, broad singlet), 3.30 (HI, dd, J = 5 , l  Hz), 6.14 
(H6, m, J1,6 = 5 Hz), 7.20 (5 H, m). 

Hofmann Degradation of Amine 10. Treatment of the amine 
mixture 9 and 10 according to Harter3g with methyl iodide in acetone 
at room temperature afforded the crystalline methiodide 11 of the 
major 3-ewo-phenyl isomer 1 0  mp 194-195 "C (acetone) (litS3g mp 

= 6 Hz), 0.90-1.30 (3 H, br), 2.20 (3 H, s), 2.64 (3 H, s), 2.86-2.70 (2 
H, br), 3.66 (3 H, s), 4.86 (HI, d, J = 6 Hz), 5.16 (H3,,, br), 6.26 (H6, d), 
7.42 (5 H, 8). The minor 3-endo-phenyl isomer 9 failed to quaternize 
and remained in the mother liquor. 

The methiodide 11 (375 mg) was placed with silver oxide (226 mg) 
in 1:l methanol-water (5 mL) and stirred for 2 ha t  25 "C. The mixture 
was filtered, the residue was washed with methanol-water (5 mL), 
and the filtrate was concentrated in vacuo at 100 OC. The residue (248 
mg) was distilled at 140-145 "C (0.3 mm) to afford amine 12 (77 mg): 
NMR (CDC13) 6 2.20 (6, NMeA 5.00,5.06 (Ha, Hb, s, s), 5.74 (Hc, d, 

=: 4 Hz), 1.90 (Hf, m), 3.66 (Hg, d), 1.28-1.64, (Hh, Hh,, H,, m, J f ,hh ,  = 
8 Hz), 0.76 (CH3, d, J = 6 Hz), 7.10-7.50 (Ph, m). 

Anal. Calcd for C19H27N: C, 84.70; H, 10.10; N, 5.20. Found C, 84.59; 
H, 9.80; N, 5.09. 

N-Carbethoxy- l-methyl-4-isopropenyl-6-azabicyclo[ 3.2.11- 
octane (19) and  N-Carbethoxy-3,7,7-trimethyl-9-azabicy- 
clo[4.3.0]non-2-ene (20 \. Reaction of a-phellandrene (3,8.2 g, 0.06 
mol) in CHC13 with methylenebisurethane 17 (11.6 g, 0.06 mol) ac- 
cording to the general procedure afforded upon distillation (0.16 mm) 
mainly 19,3.1 g (22%), bp 100-110 "C, and a 60/40 mixture of 19 and 
20,1.5 g (ll%), bp 110-120 "C; the mixture was separated by VPC (6 
ft X 0.25 in. SF-96 on Chromosorb W, 140 "C). Further distillation 
afforded a mixture of minor components. Use of benzene as solvent 
resulted in slightly lower ,yields (20-25%) but the 19/20 ratio of 84/16 
changed little. Longer reflux times (20 h) resulted in disappearance 
of 19 and 20 as shown by GC monitoring of the reaction. A t  30 OC 
adducts 19 and 20 were not formed. The NMR spectrum of 19 (CDC13, 
80 "C) showed 6 0.8-2.0 (broad envelope), 4.84 (H5, d, J5,gs  = 6 Hz), 

1.76 (HE,), 1.05 (CH3), 1.60 (CHsC=), 1.61,1.71 (in acetone-ds). 
Anal. Calcd for C14H2.iN02: C, 70.89; H, 9.70; N, 5.91. Found: C, 

70.78 H, 9.85; N, 5.72. 
The NMR spectrum (CDC13,80 "C) of 20 showed 6 1.1-2.0 (broad), 

4.20 (HI, buried under CI-Iz of ethyl ester), 5.94 (H2, broad, narrows 
to a broadened doublet, J = 3 Hz, upon irradiation of HI), 3.32,3.10 
(Hsx,gn, d, J = 11 Hz), 1.02,0.98 (CH3, singlets), 1.72 (CH&=, s). 

Anal. Calcd for C14H23N02: C, 70.89; H, 9.70; N, 5.91. Found: C, 
70.82; H, 9.41; N, 5.84. 
N-Carbethoxy-l-metlhyl-6-azabicyclo[3.2.l]octan-4-one (21). 

Ozone26 was bubbled through a methylene chloride (5 mL) solution 
of 19 (234 mg, 1 mmol) at -78 "C for 2 h. The blue color was dis- 
charged by bubbling nitrogen through the solution and dimethyl 
sulfide (2 mL) in methylene chloride (2 mL) was added dropwise. 
Methylene chloride (10 mL) was added, the solution was extracted 
with water (6 X 5 mL) and dried over magnesium sulfate, and solvent 
was removed in vacuo to afford 190 mg (91%) of oil, bp 100-110 "C 
(0.05 mm) (molecular distillation). VPC (5 ft X 0.25 in. 6% XF 1150 
Chromosorb W, 180 "C, t~ 20 min) gave pure 21: NMR (benzene-&, 
80-85 "C) 6 1.0-1.8 (complex), 1.1 (3 H, t, J = 7 Hz), 4.02 (2 H, q, J 

(H7,,, dd, J = 10.3, 1.5 Hz), 1.8-2.50 (Hsr(3,,), broad multiplet), 0.78 
((343,s). 

Anal. Calcd for CllH17.NO3: C, 62.56; H, 8.06; N, 6.64. Found: C, 
62.80; H, 8.26; N, 6.64. 

Reaction of Methylenebisurethane 18 with a-Terpinene (22). 
Reaction of a-terpinene (%2,2.05 g, 0.015 mol) in chloroform for 5 h 
according to the general procedure afforded 19 and 20 in a 60/40 ratio 
by VPC, 1.04 g (25%). 

Reaction of Methylenebisurethane 18 with Camphene (29). 
Reaction of camphene (29.2.75 g, 0.02 mol) according to the general 
procedure afforded upon distillation at  120-130 "C (0.01 mm) 3.3 g 
(69%) of 31: IR (neat) 3350,1710 cm-'; NMR (CDC13) 6 4.95 (Ha, t, 
J = 7 Hz), 4.74 (NH), 4.08 (OCH2, q), 3.73 (Hb, t, J 7 Hz), 2.95 (Hc, 
m), 0.98 (s,3 H), 1.0-1.9 (m, 10 H). 

Anal. Calcd for C14H23NO2: C, 70.85; H, 9.76; N, 5.90. Found: C, 
70.64; H, 9.67; N, 5.96. 

Oxidation of 31 to Camphenilone (32). A solution of ruthenium 
tetroxide in carbon tetrachloride (25 mL) was prepared from ru- 
thenium dioxide tetrahydrate (200 mg, soluble form).27 Adduct 31 
(200 mg) in carbon tetrachloride (5 mL) was added to the solution and 

193-194 "C); NMR (CDCl3) 6 0.92 (3 H, d, J = 6 Hz), 1.04 (3 H, d, J 

Jc,d = 10 HZ), 6.28 (Hd, dd, Jd , f  = 3 HZ), 3.12 (He, M7 Je,g = 11.5, J e , h h  

3.26 (H7x, d, J = 10 Hz), 3.02 (H7,,, d), 2.48 (H3x(3n), dd, J = 15,6 Hz), 

= 7 Hz), 4.14 (H5, d,J5,ss = 5.8 Hz), 3.36 (H7r, d, J 10.3 Hz), 3.08 
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stirred at 25 "C for 24 h. Filtration, removal of solvent, and molecular 
distillation (80 "C, 0.2 mm) afforded an oil which was further purified 
by GC to give camphenilone (32); IR, NMR, and VPC retention time 
were identical with those of a known purified sample (Chemical 
Samples). Ozonolysis of 31 was less effective in cleaving the olefinic 
bond; only trace amounts of camphenilone (32) were formed. 
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The thermal decomposition of bis(diphenylmethy1) diselenide (1) has been investigated in the melt and in chlo- 
robenzene solution. In the melt, 1 decomposes readily at  210 "C under reduced pressure with quantitative forma- 
tion of 1,1,2,2-tetraphenylethane (3) and elemental selenium. The decomposition products at  140 O C  are 3 (87%), 
Se (86.4961, bis(diphenylmethy1) selenide (6.5%), and 6.5% of starting material. In chlorobenzene solution, the de- 
composition follows first-order kinetics over the temperature range 100-120 "C and polyselenides are produced as 
additional products. The results are consistent with a radical mechanism involving C-Se and Se-Se bond scis- 
sions. 

The  thermal instability of organic diselenides has often 
been cited in the literature, but little is known about the ki- 
netics and mechanisms of these thermal decomposition re- 
actions. Morgan and B ~ r s t a l l l - ~  reported that  cyclic disele- 
nides, e.g., 1,2-diselenacyclohexane, 1,2-diselenacycloheptane, 
and 1,2-diselenacyclooctane, lose one selenium atom with 
concomitant ring contraction when they were heated. Simi- 
larly. bidchloromethyl) diselenide thermally decomposed to 
:I.. ' FIemental selenium and bis(chloromethy1) ~ e l e n i d e . ~  
Recently, Lardon5 has shown that benzyl diselenide undergoes 
rapid thermal decomposition in the melt or in solution a t  
150-170 "C to produce a complex mixture of products, in- 
cluding dibenzyl selenide, selenium, and several dibenzyl 
polyselenides. Substantial quantities of toluene and some 
1,2-diphenylethane were formed after heating the melt to  225 
"C for about 1 h. 

Apart from these studies little else has appeared in the lit- 
erature. Previously, the thermal instability of bis(dipheny1- 
methyl) diselenide (1) was noted,6 but its thermal chemistry 
has not been reported. As part  of our continuing studies on 
the chemistry of organochal~ogens,~-~ we initiated a detailed 
study of thermal chemistry of this diselenide 1. In the present 
work, we have investigated the thermal decomposition of 1 in 
the melt and in solution over the temperature range 100-210 
"C. The decomposition products were identified. The kinetics 
of decomposition were determined and the reaction mecha- 
nism is discussed. 

Resul t s  a n d  Discussion 
Diselenide 1 was conveniently prepared in 78% yield by the 

reaction of sodium diselenidelO with benzhydryl chloride in 
ethanol. Bis(diphenylmethy1) selenide (2) was synthesized by 
treating benzhydryl chloride with an ethanolic solution of 
sodium hydrogen selenideg and sodium ethoxide. 

Thermolysis of 1 neat under reduced pressure at  210 "C was 
completed within 20 min and yielded 1,1,2,2-tetraphenyl- 

ethane (3) and elemental selenium as the only products (eq 
1). In contrast to  benzyl diselenide,5 formation of monosele- 
nide and polyselenides was not observed. I t  appears that  1 is 
much less stable than benzyl diselenide and the former has 
weaker C-Se bonds. At 140 "C, heating 1 for 23 h resulted in 
a decreased yield of 3 (87%) and selenium (86.4%) with for- 
mation now of monoselenide 2 (6.5%) and recovery of 1 in 6.5% 
yield. Monoselenide 2, when heated a t  140 "C for 23 h, con- 
verted to  diselenide 1 (15.8%), selenium (16%), 3 (55.2%), and 
polyselenides 4 (13.8%), with some 2 (15.2%) remaining. This 
suggests t ha t  2 is one of the major initial products in the 
thermolysis of 1 a t  lower temperatures (140 "C) and that  it 
further decomposes under prolonged conditions. 

A 
PhaCHSeSeCHPh2 + Ph2CHCHPh2 + Se (1) 

1 3 (99.4%) (99.8%) 

The kinetics of decomposition of 1 were studied in purified 
and degassed chlorobenzene a t  temperatures of 100-120 "C. 
The  rate of disappearance of 1 was determined spectrome- 
trically by following the decrease in peak area of the methine 
proton with a chemical shift of 6 4.95 in the NMR spectrum. 
In all cases, the decomposition reactions obeyed a first-order 
rate law. Figure 1 shows typical first-order plots. The rate 
constants determined from the slopes of the first-order plots 
for the thermal decomposition of 1 in chlorobenzene in the 
temperature range 100-120 "C are listed in Table I. The lack 
of rate constant change with variation in initial concentration 
of 1 listed in Table I further supports a first-order kinetic 
scheme for this decomposition reaction. Nonlinear first-order 
plots were obtained a t  reaction temperatures exceeding 120 
"C. The  control reactions showed that  monoselenide 2, one 
of the initial decomposition products, is not stable a t  tem- 
peratures above 120 "C and further decomposed to re-form 
diselenide 1 along with other products. The deviation from 
the first-order kinetics is apparently due to  the secondary 


