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The irradiation of N-alkyl-@-iodoacrylamides a t  253.7 nm affords the dealkylated acrylamides. In the case of 
amides derived from acyclic amines such as N,N-dibutyl-cis-6-iodoacrylamide (3) two fragments are found, the 
dealkylated amide, N-butylacrylamide (4), and a carbonyl compound, butanal. The @-iodoacrylamides of cyclic 
amines yield ring-cleaved ketoacrylamides which may be recyclized under anhydrous acidic conditions to yield 
novel acrylyl enamides; thus N-(trans-@-iodoacrylyl)-2,6-dimethylpiperidine ( 5 )  is photolytically cleaved to form 
6-acrylamidoheptan-2-one (6), which may be recyclized with p-toluenesulfonic acid to N-acrylyl-2,6-dimethyl- 
A2-piperideine (8). The unsymmetrical amine (i)-sedridine (13) forms a much more complex mixture of products 
upon irradiation of the cis-@-iodoacrylamide derivative in methanol. Cleavage of the more highly substituted car- 
bon-nitrogen ring bond leads to formation of 8-acrylamido-2-octen-4-one (16) and 8-acrylamido-2-methoxyoctan- 
&one (15). In sharp contrast, oxidation of the less highly substituted carbon-nitrogen ring bond does not lead to 
ring cleavage, but instead affords the unusually stable acrylenamide 17. These reactions are thought to proceed 
through vinyl radicals which readily abstract hydrogen atoms situated (Y to the amide nitrogen atom. The result- 
ing (Y amido radicals proceed to labile intermediates which are subsequently hydrolyzed to the products. This 
overall process provides a novel means of selectively degrading secondary amines as well as ready access to unusu- 
al eriamide derivatives. 

In view of the extensive examination of aryl halide pho- 
tochemistry,l i t  is surprising that very little is known about 
the related photochemistry of vinyl halides. I t  does appear 
that  the primary photochemical reaction of vinyl iodides is 
the homolytic cleavage of the carbon-iodine bond to form 
vinyl radicals,2 and that once formed these vinyl radicals 
are powerful hydrogen abstracting  specie^.^,^ Of particular 
interest are several reported examples in which thermally 
generated vinyl radicals have been observed to undergo in- 
tramolecular hydrogen abstraction reactions (Scheme I) 
followed by ring formation in limited yields.3b.* 
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One might expect vinyl radicals to be particularly well 
suited for hydrogen abstraction reactions by virtue of the 
sp2 hybridization of the unpaired electron. In this configu- 
ration the unpaired electron would be more electrophilic 
than either an sp3 or p hybridized species, and the abstrac- 
tion of a hydrogen atom from either an sp3 methylene or 
methinyl group should be an exothermic process by about 
10-15 kcal/m01.~ Therefore, it would seem that in appro- 
priately designed molecules intramolecular vinyl radical 
hydrogen abstraction might become the dominant mode of 
reaction. 

The acrylamido vinyl radical (1) illustrated in Scheme I1 
would seem to provide such a system. Therefore, we have 
investigated the photochemistry of @-iodoacrylamides in 
order to determine the ultimate fate of the vinyl radicals in 
this system, and to explore the synthetic possibilities of 
this method of remote functionalization which at  least in a 

Scheme I1 

1 2 

general sense is very reminiscent of the synthetically most 
useful Hofmann-Loffler-Fretag6 and Barton reactions.' 

Results and Discussion 
In the following examples the starting @-iodoacrylamides 

were formed from the appropriate amine and either cis- or 
trans- @-iodoacrylyl chloride. These acrylyl chlorides were 
prepared by treatment of propiolic acid with 47% hydrogen 
iodide8 followed by generation of the acid chloride with ox- 
alyl chloride. The cis isomer is the exclusive product ob- 
tained when the acid chloride is prepared at  room tempera- 
ture. However, the cis isomer is isomerized to the trans iso- 
mer when exposed to traces of iodine. When cis-@-iodoac- 
rylyl chloride is heated, iodine is released and isomerization 
occurs to the extent that after heating for 27 hr at  80' the 
transxis ratio is 92:8. This isomerization provides a facile 
preparation of the trans-6-iodoacrylyl chloride. Since the 
photochemistry of the acrylamides does not seem to be in- 
fluenced by the stereochemistry of the @-iodoacrylamide 
moiety (vide infra), the decision as to which acid chloride 
isomer to use in the synthesis of a particular amide was 
based entirely upon the ease of preparation and character- 
ization of that amide. 

The simplest system studied was N,N-dibutyl-cis-@-io- 
doacrylamide (3). Irradiation of this material a t  253.7 nm 
in methanol solution led to a surprisingly clean reaction in 
which the only products were N-butylacrylamide (4), 65% 
yield, and butanal, which was isolated as its 2,4-DNP deriv- 
ative, 62% yield (Scheme 111). The structures of these prod- 
ucts are in accord with what might be expected from the 
general mechanistic considerations outlined in Scheme 11. 
The vinyl iodide moiety has been reduced while at  the 
same time the amine moiety has been oxidized. In this par- 
ticular example the exact nature of the oxidized amine 
moiety could not be determined as any intermediates are 
apparently very labile with respect to hydrolysis to the ob- 
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served products. The source of the water involved in this 
and subsequent hydrolyses may be the solvent, as no spe- 
cial precautions were taken to dry the methanol. Alterna- 
tively, it was observed that thin layer chromatographic 
analyses of these crude reaction mixtures were frequen,,y 
complicated by the presence of significant amounts of io- 
dine. Upon removal of the iodine by extraction with aque- 
ous thiosulfate, one could obtain thin layer chromatograms 
that exhibited well-defined hydrolysis product spots. 
Therefore, it may be that the hydrolysis also is occurring 
during the aqueous extraction steps frequently employed 
in the isolation of the products. 
N-(trans-~-Iodaacrylyl)-2,6-dimethylpiperidine ( 5 )  was 

examined rather than the cis-&iodoacryl isomer, since the 
cis isomer could only be prepared in low yields. The diffi- 
culty in forming the cis isomer can probably be attributed 
to the steric congestion between the cis iodo group and the 
two ring methyl groups. When 5 was irradiated with 253.7- 
nm light, isomerization of the trans to the cis isomer could 
be observed during the early stages of the reaction. Upon 
completion of the reaction a single product 6 was obtained 
in 77% yield. 

The structure of 6 was confirmed both spectroscopically: 
[O=CNH- vmax (KBr) 3235, 1655 (s), and 1625 cm-l (8); 

O=CCH3 vmax (KBr) 1705 cm-l; 6 (CDCl3) singlet 2.13 
ppm (3 H); CH2=CHC=O 6 (CDCl3) doublet of doublets 
(J = 4 and 8 Hz) 5.64 ppm (1 H), doublet (J = 8 Hz) 6.18 (1 
H), doublet (J = 4 Hz) 6.21 (1 H)] and by comparison with 
material prepared by an alternate route (Scheme IV). Acyl- 
ationQ of AI-piperideine (7)1° with acrylyl chloride afforded 
the enamide 8 [>NC(CHs)=CH- 6 (CDC13) singlet 2.02 
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ppm (3 H), broad 4.97 (1 H); CHz=CHC=O 6 (CDC13) 
doublet of doublets (J = 4 and 8 Hz) 5.56 ppm (1 H), com- 
plex 6.0-6.5 (2 H)] which was extremely sensitive to mois- 
ture and hydrolyzed to 6 upon standing overnight in solu- 
tion exposed to the atmosphere. The reverse reaction from 
6 to 8 could be readily effected by simply heating 6 in ben- 
zene solution containing p-toluenesulfonic acid. The possi- 
bility that 8 might be an intermediate in the photochemical 
formation of 6 was considered. However, here again, per- 
haps owing to the presence of iodine and the extreme sensi- 
tivity of 8 to moisture, 8 could not be observed in the crude 
photolysis mixture. 

The photolysis of N-(cis-/3-iodoacryly1)decahydrocarba- 
zole (9) was complicated by the formation of epimeric 
products 10 (26% yield) and 11 (12% yield) (Scheme V). 
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The stereochemistry of these substances is uncertain, but 
their epimeric relationship to each other was established by 
their interconversion upon treatment with the base 1,5-dia- 
zabicyclo[3.4.0]nonene-5 (DBN). Here again the possibility 
exists that these epimers arise from the hydrolysis of the 
enamide 12. However, it is also possible that epimerization 
occurs following the generation of the ketones 10 and 11. 
Whatever the case may be, it is clear that epimeric prod- 
ucts should be anticipated in this reaction when the carbon 
atom 0 to the amide nitrogen in the starting material is an 
asymmetric center. 

The unsymmetrically substituted amine (f)-sedridine 
(13) was prepared by a modification of known procedures 
(see Experimental Section)," and its cis-0-iodoacrylamide 
14 photolyzed.12 A complex reaction mixture resulted 
(Scheme VI) which after extensive chromatography afford- 
ed the ring-cleaved ketones 15 (21%) and 16 (5%) and the 
enamide 17 (25%).13 

The structures of the ketones 15 and 16 were assigned on 
the basis of spectroscopic data [for 15 -CHzC(=O)CHp- 
CH(OCH3)CHs vmax (neat) 1705 cm-1, 6 (CDCl3) doublet 
(J = 6 Hz) 1.17 ppm (3 H), complex 2.33-2.77 (4 H), singlet 
3.33 (3 H), and triplet of quartets (J = 6 and 6 Hz) 3.82 (1 
H); CH2=CHC(=O)NH- vmax (neat) 3260, 1655 (s), and 
1625 cm-l (s), 6 (CDCld doublet of doublets (J = 6 and 6 
Hz) 5.60 ppm (1 H), two doublets (J = 6 and 6 Hz) both at  
6.27 (1 H each); for 16 -CH&(=O)CH=CHCH:j vmax 
(KBr) 1690 cm-l, 6 (CDCl3) doublet of doublets ( J  = 6 and 
2 Hz) 1.90 ppm (3 H), broad triplet 2.60 (2 H), doublet of 
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quartets ( J  = 6 and 16 Hz) 6.85 (1 H); CHz= 
CHC(=O)NH- vmax (KBr) 3230, 1650 (s), and 1625 (s) 
cm-l, 6 (CDC13) doublet of doublets (J = 8 and 4 Hz) 5.57 
ppm (1 H), complex 5.90-6.50 (4 H) includes the a proton 
of the a$-unsaturated ketone moiety, rnle 195 (M+)] as 
well as the conversion of 15 to 16 upon treatment with 
aqueous acid (Scheme VI). The assignment of structure to 
the enamide 17 presented a greater problem, since this ma- 
terial was inert to acidic hydrolysis conditions that would 
normally be expected to cleave an enamide linkage. The 
presence of an enamide system in 17 was most conspicuous 
in the ultraviolet absorption spectrum, A,,, (EtOH) 278 
nm (t 1340). The unrearranged carbon skeleton of 17 was 
demonstrated by catalytic hydrogenation to form a single 
amide 18 which could also be prepared by treatment of 
(f)-sedridine (13) with propionyl chloride. Furthermore, 
the observation of only the sedridine-derived amide 18 
upon catalytic hydrogenation strongly suggested that the 
formation of the enamide system had not altered the asym- 
metric ring carbon atom present in the starting material. 
The structure 17 was also in accord with the rather com- 
plex NMR spectrum, which displayed signals at  6 4.6 ppm 
broad singlet (-OH), 5.2-4.6 multiplet (-NCH- and 
-CH=CHN<), 5.83 doublet of doublets (J = 9.0 and 4.0 
Hz, >NCOCH=CHz), 7.3-6.2 multiplet (>NCOCH=CH2 
and -CH=CHN<). 

A possible explanation for the failure of enamide 17 to 
undergo hydrolytic ring cleavage is provided in Scheme 
VII. The usual hydrolysis of enamide systems requires the 
addition of water to the enamide carbon-carbon double 

H 
20 

bond (19). This type of addition of an external nucleophile 
might be blocked in 17 by the more facile internal addition 
of the alcohol moiety to afford 20. In support of this hy- 
pothesis it has been possible in large-scale reactions to iso- 
late small quantities of an unstable oil which upon standing 
is rapidly transformed into 17. While it was very difficult to 
obtain this substance free of contamination by 17, it was 
possible to obtain simple spectroscopic data which were in 
accord with the proposed structure 20. The infrared spec- 
trum of the unstable material did not display significant 
absorption in the 3500-cm-l region. In the NMR spectrum 
the signals associated with the vinyl protons remained un- 
changed relative to those in the spectrum of 17. A new one- 
proton signal appears at  6 5.6 ppm which might be assigned 
to the -0CHNCO- proton of 20, and two signals appear as 
a complex pattern between 6 5.1 and 4.2 ppm which might 
be attributed to the XCHNCO- and the X H O -  protons 
of 20. Finally, the signals assigned to the -OH and the 
-CH=CHNCO- protons in the spectrum of 17 are absent 
in the spectrum of the unstable substance. 

From these data, it must be concluded that the photode- 
gradation of unsymmetrical amines by this method results 
in the oxidation of either methinyl or methylene groups a 
to the nitrogen atom. It  is of interest to compare the rela- 
tive reactivities of the methinyl and the methylene hydro- 
gens in 14 with the relative reactivities of the same type of 
hydrogens in intermolecular vinyl radical hydrogen ab- 
straction reactions. Since abstraction of the methinyl ring 
hydrogen atom in 14 ultimately gives rise to ring-cleavage 
products 15 and 16, and abstraction of a methylene ringhy- 
drogen atom gives rise to the enamide 17, the relative reac- 
tivities of methinyl vs. methylene hydrogens observed here 
would be (15 + 16:17/2) 2.1:l. This value compares very 
well with the relative reactivities determined from intermo- 
lecular vinyl radical hydrogen abstractions, 2.2:1.3a 

On the basis of the examples described above it would 
seem possible to draw the following conclusions regarding 
the mechanism of this novel remote functionalization of p- 
iodoacrylamides. In each of these cases the primary photo- 
chemical event is certainly the homolytic cleavage of the 
carbon-iodine bond (Scheme VIIT). In order for the result- 
ing vinyl radical to abstract one of the hydrogen atoms a to 
the amide nitrogen atom, the radical must assume a cis 
stereochemistry with respect to the amide carbonyl (24). As 
indicated previously, this reaction does not seem to be in- 
fluenced by the geometry of the iodine atom in the starting 
material. Both the trans (21) and the cis (22) isomers ex- 
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hibit the same photochemistry. This is a t  least in part due 
to the rapid equilibration of these isomers during the early 
stages of the irradiation. Cis-trans interconversion was eas- 
ily observed by thin layer chromatography in each case, 
and in the case of 5 both cis and trans isomers have been 
recovered from partially photolyzed reaction mixtures. 
Furthermore, if the trans @-iodoamide 21 undergoes photo- 
lytic cleavage to the vinyl radical with the improper geome- 
try (23), a hydrogen abstraction could still take place 
through a rapid prior inversion to the vinyl radical of the 
appropriate geometry (24).14 

The course of the reaction following the formation of the 
a amido radical 25 is not entirely clear. There is consider- 
able evidence that an enamide intermediate (26) is in- 
volved. Such an intermediate would normally not be isola- 
ble under the irradiation conditions where moist methanol 
was used as a solvent. Under these conditions the enamide 
8 was rapidly hydrolyzed to the keto amide 6. However, the 
unusual enamide 17 could be isolated owing to its stability 
toward hydrolysis. Further indirect evidence for an enam- 
ide intermediate was observed with amide 9, which was 
substituted at the carbon atom /3 to the nitrogen. Epimeri- 
zation a t  the @ carbon accompanied dealkylation of 9 as 
would be expected if the dealkylation occurred through the 
hydrolysis of the enamide 12. Also the ring-cleaved prod- 
ucts 15 and 16 afforded by the sedridine amide 14 indicat- 
ed the intermediacy of enamide 29 (Scheme IX), In neither 
15 nor 16 was the hydroxyl group retained. This hydroxyl 
group would be expected to be labilized by the formation of 
enamide 29, and should undergo a facile exchange with 
methanol in the presence of HI. The dehydration of 29 
might account for the formation of 16, although 16 might 
also arise following ring cleavage to 15 through the loss of 
methanol. 

It is interesting that in no instance were the 1,3-acyl mi- 
gration products,15 which are characteristic of enamide 
photochemistry, observed. This may be due to the rapid re- 
actions of the enamides with the hydroxylic solvents, meth- 
anol and water. Indeed, reactions conducted in hydrocar- 
bon solvents led to polymeric mixtures from which no dis- 
crete products could be isolated. As implied in Scheme IX, 
methanol might very well react with protonated enamides 
to mask the enamide as an a amido ether 28 (Scheme VIII). 
Alternatively, an a amido iodide 27 might intervene and 
undergo exchange with methanol to form 28. Any of these 
rather complex sequences of events outlined in Scheme 
VIII would serve to reduce the enamide concentration to 
the point where the enamide was effectively masked 
against further photochemical reaction, but not against the 
intramolecular processes mentioned in Scheme IX. 

In conclusion it appears that the mechanism of this reac- 
tion is fairly well defined up to the point where the a amido 
radical 25 is formed. From 25 a variety of alternative path- 
ways are possible. However, most of these pathways lead to 
products which would be sensitive to hydrolysis, and upon 
hydrolysis would converge to a greatly simplified set of 
products. Therefore, while further investigation of the 
chemistry of species related to 25 may lead to the develop- 
ment of other useful reactions such as cyclizations analo- 
gous to those illustrated in Scheme I, the present work has 
clearly outlined the scope of the hydrolytic pathway. 

Summary 
A new photochemical degradation of secondary amines 

has been developed which provides entry to unusual acryl- 
amide derivatives and acrylylenamides. Good yields of a 
single acrylamide may be realized from the P-iodoacrylam- 
ides of symmetrically substituted amines, although there is 
a tendency for alkyl groups /3 to the amide nitrogen to suf- 
fer epimerization during the course of the reaction. Amides 
of unsymmetrically substituted amines give rise to mix- 
tures of products which are derived from the oxidation of 
either of the N-alkyl groups. This unusual process repre- 
sents the first deliberate application of spz hybridized vinyl 
radicals in intramolecular hydrogen abstraction reactions 
and gives some indication of the promise of vinyl iodide 
photochemistry. 

Experimental Section 
Melting points and boiling points are uncorrected; melting 

points were determined on a Mettler FP-2 hot-stage apparatus 
with a polarizing microscope. Nuclear magnetic rewnance spectra 
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were recorded with a Varian Associates A-60 or T-60 spectrometer. 
Chemical shifts are reported in parts per million (6) downfield 
from tetramethylsilane as an internal standard. Infrared spectra 
were recorded on a Perkin-Elmer Model 337 or 700 spectropho- 
tometer. Ultraviolet spectra were determined on a Carey Model 14 
spectrophotometer. Mass spectra were recorded on a Hitachi RMU 
7 spectrometer a t  70 eV. Microanalyses were performed by Gal- 
braith Laboratories, Inc., Knoxville, Tenn. Thick layer chromatog- 
raphy was performed with Brinkmann silica gel PFz54+366 and col- 
umn chromatography with Brinkmann silica gel (less than 0.08 
mm). All organic extracts were dried over anhydrous magnesium 
sulfate and all solvents were removed with a rotary evaporator 
under reduced pressure unless noted otherwise. 

Synthesis of cis- and trans-8-Iodoacrylyl Chloride. Oxalyl 
chloride (29.0 ml, 0.340 mol) was added dropwise with stirring a t  
room temperature to 24.94 g (0.126 mol) of cis-@-iodoacrylic acid, 
mp 65.1-67.0' (lit.8 mp 65'). After stirring for 12 hr a t  room tem- 
perature, the reaction mixture was distilled to yield 22.4 g (82%) of 
cis-@-iodoacrylyl chloride: bp 36O (0.08 mm); NMR (neat) 6 7.48 
(d, 1 H, J = 8.0 Hz), 8.01 ppm (d, 1 H, J = 8.0 Hz). NMR signals 
associated with the trans isomer were not detected. Caution must 
be exercised not to allow the distillation bath temperature go 
above about 40-50'. At temperatures higher than this iodine is 
formed and cis-trans isomerization takes place. Isomerization will 
also take place at  room temperature during the course of the reac- 
tion if the cis-@-iodoacrylic acid is not thoroughly recrystallized so 
as to remove all. traces of iodine. 

Pure cis-@-iodoacrylyl chloride was stirred for 27 hr a t  80'. 
Analysis of the reaction mixture by NMR indicated that the trans 
isomer now predominated (trans:cis 9223). The trans-@-iodoacrylyl 
chloride had NMR (neat) 6 7.05 (d, 1 H, J = 15.0 Hz), 8.38 ppm (d, 
1 H, J = 15 Hz). This material was used in subsequent reactions 
without further purification. An analytical sample that was free of 
the cis isomer as judged by NMR was obtained by Kugelrohr dis- 
tillation, bp 40-50' (3 mm). Anal. Calcd for C3H2ClIO: c ,  16.28; H, 
0.94, C1, 16.46; X,58.91. Found: C, 16.46; H, 0.93; C1,16.45; I, 58.70. 

Synthesis of N,N-Dibutyl-cis-8-iodoacrylamide (3). To a so- 
lution of 1.7 nd (10.1 mmol) of dibutylamine and 1.3 ml (9.83 
mmol) of collidine in 100 ml of benzene was added dropwise with 
stirring at  room temperature 2.16 g (9.98 mmol) of cis-@-iodoacry- 
lyl chloride in 10 ml of benzene. After 2 br the collidinium hydro- 
chloride was removed by filtration, and the benzene filtrate was 
evaporated to dryness to  afford a dark oil which was purified by 
column chromatography on silica gel. The major impurity was the 
trans isomer (349.5 mg, 11.3%). The cis isomer 3 was obtained as 
an oil which following a Kugelrohr distillation afforded 2.45 g 
(79.5%) of 3 as a colorless liquid bp 90-98' (0.05 mm); ir (neat) 
1640 cm-l; NMR (CDCld 6 0.53-1.90 (complex, 14 H), 3.21 and 
3.38 (two overlapping triplets, 4 H, J = 10 and 7 Hz), 6.78 (d, 1 H, 
J = 8.0 Hz), 7.13 (d, 1 H, J = 8.0 Hz). 

Anal. Calcd for C11HzoNOI: C, 42.73; H, 6.52; N, 4.53; I, 41.04. 
Found C, 42.71; H, 6.70; N, 4.74; I. 41.25. 

Irradiation of N,N-Dibutyl-cis-8-iodoacrylamide (3). A so- 
lution of 182.1 mg (0.589 mmol) of 3 in 5 ml of methanol in a Vycor 
tube was irradiated with 253.7-nm light (Rayonet photochemical 
reactor) under an atmosphere of nitrogen for 22 hr. The crude re- 
action mixture was treated with 10 ml of 2,4-DNP solution (246.7 
mg of 2,4-DNP, 13 drops of concentrated hydrochloric acid diluted 
to 25 ml with methanol) and warmed on a steam bath. Removal of 
the solvent and recrystallization from methanol yielded two crops 
of the 2,4-DNP derivative of butanal. Treatment of the mother li- 
quors with sodium thiosulfate to remove the iodine followed by 
preparative thick layer chromatography of the mother liquor resi- 
due afforded a third crop of the 2,4-DNP derivative of butanal for 
a combined yield of 91.6 mg (62%). This material was identical as 
judged by thin layer chromatography and NMR with an authentic 
sample prepared from butanal and 2,4-DNP solution. 

Isolation of the major band from the thick layer chromatogra- 
phy of the aforementioned mother liquors afforded an oil which 
following a Kugelrohr distillation [92-98O (0.005 mm)] provided a 
pure sample of N-butylacrylamide (4): 49.0 mg (65%); ir (neat) 
3250, 3050, 2945, 2905 (sh), 2850, 1650, and 1625 cm-I; NMR 
(CDCld 6 0.57-1.83 (m, 7 HI, 3.23 and 3.38 (two overlapping trip- 
lets, 2 H, J = 6 and 7 Hz), 5.55 (d of d, 1 H, J = 7.0 and 5.0 Hz), 
6.36 (d, 1 H, J := 5 Hz), 6.39 (d, 1 H, J = 7 Hz), 7.60 ppm (broad, 1 
H). This material was identical as judged by thin layer chromatog- 
raphy, ir, and NMR with an authentic sample prepared from acry- 
lyl chloride and N-butylamine purified by conventional distilla- 
tion, bp 84.0-85.5' (0.1 mm) [lit.16 bp 88-92' (0.01 mm)]. 

Synthesis of N-( trans-~-Iodoacrylyl-2,6-dimethylpiperi- 

dine (5). A solution of 2,6-dimethylpiperidine (4.6 ml, 33.13 mmol) 
in 25 ml of benzene was added dropwise over 20 min to an ice-cold 
solution of 1.25 g (5.78 mmol) of trans-@-iodoacrylyl chloride in 
100 ml of benzene. The reaction mixture was stirred for 1 hr a t  
room temperature, the piperidinium salt was removed by filtra- 
tion, and the filtrate was evaporated to dryness to afford a dark 
brown oil that was purified by column chromatography on silica 
gel eluting with chloroform. The major fraction was a light brown 
oil which crystallized upon standing (1.32 g, 78%). Recrystalliza- 
tion from methylene chloride-ligroin gave the amide 5 (1.11 g, 
66%) as a colorless solid: mp 69.0-69.4'; ir (KBr) 1620 and 1565 
cm-'; NMR (CDC13) 6 1.31 (d, 6 H, J = 7.0 Hz), 1.63 (m, 6 H), 4.42 
(m, 2 H), 7.18 (d, 1 H, J = 14.0 Hz), 7.57 ppm (d, 1 H, J = 14.0 
Hz); A,,, (95% EtOH) 249 nm (c  11,500); m/e 293 (M+). 

Anal. Calcd for CIOH~~NOI:  C, 40.97; H, 5.50; N, 4.78; I, 43.29. 
Found: C, 40.99; H, 5.53; N, 4.83; I, 43.17. 

Photolysis of N-( trans-~-Iodoacrylyl)-2,6-dimethylpiperi- 
dine (5). A solution of 749.1 mg (2.56 mmol) of 5 in 40 ml of meth- 
anol in a Vycor tube was irradiated with 253.7-nm light (Rayonet 
photochemical reactor) for 15 hr. Evaporation of the solvent fol- 
lowed by column chromatography of the residue on silica gel elut- 
ing with chloroform provided a light brown oil which crystallized 
upon standing. Recrystallization from ether afforded the ring- 
cleaved keto amide 6 (359.1 mg, 77%) as a colorless solid: mp 
38.0-39.1'; ir (KBr) 3235, 3030, 2910, 1705, 1655, 1625, and 1545 
cm-'; NMR (CDC13) 6 1.15 (d, 3 H, J = 7.0 Hz), 1.53 (m, 4 H), 2.13 
(s, 3 H), 2.43 (m, 2 H), 4.03 (m, 1 H), 5.64 (d of d, 1 H, J = 4.0 and 
8.0 Hz), 5.76 (broad, 1 H), 6.18 (d, 1 H, J = 8 Hz), 6.21 ppm (d, 1 
H, J = 4 Hz); A,,,,, (95% EtOH) 225 nm (c 5040); m/e 183 (M+). 

Anal. Calcd for C10H17N02: C, 65.54; H, 9.35; N, 7.64. Found: C, 
65.42; H, 9.36; N, 7.62. 

Synthesis of N-( 1-Methyl-5-oxohexyl)acrylamide (6). Acry- 
lyl chloride9 (660 mg, 7.29 mmol) was added dropwise with stirring 
to  an ice-cold solution of 610 mg (5.5 mmol) of 2,6-dimethyl-A1- 
piperideine (?)lo and 727.9 mg (7.19 mmol) of triethylamine in 25 
ml of benzene. After stirring at room temperature for 40 min, the 
salt was removed by filtration and the filtrate was evaporated to 
dryness to afford a dark brown oil. Purification by column chroma- 
tography on silica gel yielded the enamide 8 as an unstable, light 
brown oil: NMR (CDC13) 6 1.15 (d, 3 H, J = 7.0 Hz), 1.40-2.40 
(complex, 4 H), 2.02 (s, 3 H), 4.43 (m, 1 H), 4.97 (m, 1 H), 5.56 (d of 
d, 1 H, J = 4.0 and 8.0 Hz), 6.0-6.5 ppm (complex, 2 H). Upon 
standing exposed to  the atmosphere overnight or treatment with 
hydrochloric acid in moist ether for 3 hr, 8 was completely hydro- 
lyzed to the ring-cleaved amide 6 (0.370 g, 37% based on 7): mp 
39.7-40.9O, undepressed mixture melting point with the photo- 
product of 5 and identical ir, NMR, and TLC behavior. 

The reverse reaction from 6 to 8 may be realized by refluxing 6 
in benzene solution containing a trace of p-toluenesuflonic acid. 

Synthesis of N-( cis-8-1odoacrylyl)dodecahydrocarbazole 
(9). To a solution of 1.94 g (10.9 mmol) of dodecahydrocarbazole 
and 1.5 ml (11.3 mmol) collidine in 100 ml of benzene was added 
dropwise with stirring at  room temperature 2.49 g (11.5 mmol) of 
cis-@-iodoacrylyl chloride. After stirring for 2.5 hr the collidinium 
hydrochloride was removed by filtration and the filtrate was evap- 
orated to dryness to afford a dark brown oil that was purified by 
column chromatography on silica gel eluting with chloroform. The 
major fraction was an oil which crystallized upon standing and 
yielded the pure amide 9 upon recrystallization from methylene 
chloride-ligroin: 3.23 g, 83%; mp 102.8-103.0°; ir (KBr) 1645and 
1595 cm-l; NMR (CDCb) 6 0.60-2.63 (complex, 17 H), 2.63-3.40 
(complex, 2 HI, 3.40-4.43 (complex, 7 H), 7.03 ppm (AB, 2 H, J = 
8.0 Hz); Amax (95% EtOH) 222 nm (c  7570); m/e 359 (M+). 

Anal. Calcd for C26HzzNOI C, 50.15; H, 6.17; N, 3.90; I, 35.32. 
Found: C, 50.16; H, 6.09; N, 3.89; I, 35.38. 

Photolysis of N-(cis-&Iodoacrylyl)dodecahydrocarbazole 
(9). A solution of 1.09 g (3.04 mmol) of 9 in 40 ml of methanol in a 
Vycor tube /was irradiated under a nitrogen atmosphere with 
253.7-nm light (Rayonet photochemical reactor) for 55 hr. Evapo- 
ration of the solvent afforded an oil composed of two very similar 
components (TLC). These components were separated by multiple 
elutions on thick layer chramatography plates. The faster moving 
band afforded an oil which crystallized upon standing (196.9 mg, 
27% based on recovered starting material). Recrystallization from 
ether provided colorless crystals of the ring-cleaved amide 10: mp 
99.2-101.3O; ir (KBr) 3255, 1710, 1660, and 1625 cm-'; NMR 
(CDCln) 6 0.53-2.77 (complex, 18 H), 3.53 (m, 1 H), 5.55 (two over- 
lapping d of d, 1 H, J = 4.0 and 9.0 Hz), 6.08 (d, 1 H, J = 9.0 Hz), 
6.15 (d, 1 H, J = 4.0 Hz), 6.30 ppm (broad, 1 H); A,,, (95% EtOH) 
229 nm (c  5520); m/e 249 (M+). 
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Anal. Calcd for C1bH23N02: C, 72.25; H, 9.30; N, 5.62. Found: C, 
72.27; H, 9.22; N, 5.64. 

The slower moving band afforded a solid (87.5 mg, 12% based on 
recovered starting material) which following recrystallization from 
methylene chloride-ligroin afforded colorless crystals of the epim- 
eric ring-cleaved amide 11: mp 116.8-118.1'; ir (KBr) 3235, 1705, 
1650, and 1620 cm-l; NMR (CDC13) 6 0.57-2.70 (complex, 18 H), 
3.70 (m, 1 H), 5.62 (two overlapping d of d, 1 H, J = 4.0 and 8.0 
Hz), 5.60 (broad, 1 H), 6.17 (d, 1 H, J = 9.0 Hz), 6.21 ppm (d, 1 H, 
J = 4.0 Hz); A,,, (95% EtOH) 228 nm (c 5260); m/e 249 (M+). 

Anal. Calcd for C15H23N02: C, 72.25; H, 9.30; N, 5.62. Found: C, 
72.30; H, 9.24; N, 5.61. 

Treatment of either 10 or 11 with 1,5-diazabicyclo[3.4.O]nonene- 
5 (DBN) in benzene at room temperature afforded an equilibrium 
mixture of 10 and 11 in which 11 was the major component. 

Modified Synthesis of (f )-Sedridine (13) and (&)-Allosedri- 
dine." A solution of 10.56 (77.1 mmol) of 1-(2-pyridyl)propan-2- 
ollla and 3.80 g of 5% rhodium on carbon in 25 ml of absolute etha- 
nol was shaken in a hydrogen atmosphere (50 psi) at 40-50' for 28 
hr. Removal of the catalyst by filtration and evaporation of the sol- 
vent afforded an oil which crystallized upon standing (9.11 g, 84%). 
This mixture of the diasteromers, (&)-sedridine and (f)-allosedri- 
dine, was used in the next step without further purification. 

To a stirred solution of the aforementioned diastereomer mix- 
ture (365.8 mg, 2.55 mmol) and collidine (340 ~ 1 ,  2.57 mmol) in 20 
ml of chloroform was added dropwise at room temperature 370 fil 
(2.60 mmol) of benzyl chloroformate in 10 ml of chloroform. After 
24 hr the reaction mixture was extracted with 10% hydrochloric 
acid. The organic layer was dried and evaporated to dryness to 
yield an oil that was easily separated into two components by col- 
umn chromatography on 50 g of silica gel eluting with chloroform. 
The less polar material (298.1 mg, 45%) was recrystallized from 
ether to yield the carbobenzoxy derivative of ( f)-sedridine as col- 
orless crystals: mp 32.6-34.4O; ir 3420 and 1670 cm-'; NMR 
(CDC13) 6 1.18 (d, 3 H, J = 6.0 Hz), 1.00-1.88 (complex, 8 H), 
1.88-4.77 (complex, 5 H), 5.17 (s, 2 H), 7.33 ppm (s, 5 H). Anal. 
Calcd for C16H23N03: C, 69.29; H, 8.36; N, 5.05. Found C, 69.41; 
H, 8.38; N, 4.98. The more polar material (174.5 mg, 25%), the car- 
bobenzoxy derivative of (&)-allosedridine, was isolated as an oil: ir 
(neat) 3410 and 1685 cm-'; NMR (CDC13) 6 1.15 (d, 3 H, J = 8.0 
Hz), 1.27-2.23 (complex, 8 H), 2.43-3.33 (complex, 2 H), 3.47-4.67 
(complex, 3 H), 5.12 (s, 2 H), 7.33 ppm (s, 5 H). 

A solution of the crystalline carbobenzoxy derivative (2.3859 g, 
8.60 mmol) and 900 mg of 10% palladium on carbon in 25 ml of ab- 
solute ethanol was stirred under 1 atm of hydrogen at  room tem- 
perature for 15 hr. Following removal of the catalyst by filtration 
and evaporation of the filtrate to dryness, the residue was recrys- 
tallized from ether to give (i)-sedridine (13) (1.07 g, 87%) as a col- 
orless solid, mp 73.0-75.0° (lit.llb~e mp 75.0'). In a similar fashion 
the oily carbobenzoxy derivative was converted to (f)-allosedrid- 
ine (8l%), which following recrystallization from ether had mp 
69.7-70.3' (lit.llbSc mp 70-71'). 

Synthesis of N-(cis-&Iodoacrylyl)sedridine (14). To an ice- 
cold solution of 438.3 mg (3.06 mmol) of sedridine (13) and 400 ~1 
(3.02 mmol) of collidine in 50 ml of benzene was added dropwise 
with stirring 660 mg (3.05 mmol) of cis-P-iodoacrylyl chloride in 10 
ml of benzene. The mixture was allowed to warm to room tempera- 
ture and stirred overnight. The reaction mixture was extracted 
with 10% hydrochloric acid, and the organic layer was dried and 
evaporated to dryness to afford a light brown oil that was purified 
by column chromatography on silica gel. Recrystallization from 
ether of the material from the most polar band afforded the amide 
14 (673.4 mg, 69%) as colorless crystals: mp 51.1-52.0'; ir (KBr) 
3390, 1600, and 1590 cm-'; NMR (CDC13) 6 1.18 (d, 3 H, J = 6.0 
Hz), 1.38-2.42 (complex, 8 H), 2.75-3.38 (m, 1 H), 3.42-4.00 (com- 
plex, 2 H), 4.00-4.55 (m, 1 H), 6.85 (d, 1 H, J = 9.0 Hz), 7.20 ppm 
(d, 1 H, J = 9.0 Hz). 

Anal. Calcd for CllH18N021: C, 40.88; H, 5.61; N, 4.33; I, 39.27. 
Found: C, 40.79; H, 5.51; N, 4.29; I, 39.11. 

Photolysis of N-( cis-&Iodoacrylyl)sedridine (14). A solution 
of 2.625 g (8.12 mmol) of 14 in 400 ml of methanol in a quartz flask 
was irradiated under a nitrogen atmosphere with 253.7-nm light 
(Rayonet photochemical reactor) for 26.5 hr. The solvent was re- 
moved under reduced pressure, and the residual oil was redis- 
solved in chloroform and extracted with aqueous sodium thiosul- 
fate. The organic layer was dried and evaporated to dryness. The 
residue was purified initially by column chromatography on silica 
gel eluting with carbon tetrachloride-chloroform. The fractions 
from the column chromatography were further purified by thick 

layer chromatography where necessary. The following materials 
were obtained in order of their elution from the column. 

A. Bicyclic Amide 20. This material was separated from the 
following material, 17, by extensive thick layer chromatography 
and was isolated as a light yellow oil (57.4 mg, 4%). Upon standing 
for several days it was converted to 17. Nevertheless, it was possi- 
ble to obtain limited spectroscopic data with a sample contaminat- 
ed with only a minor amount of 17: ir (neat) 1650 and 1620 cm-'; 
NMR (CDC13) 6 1.15 (d, 3 H, J = 6.0 Hz), 1.43-2.43 (complex, 8 
H), 4.17-5.17 (complex, 2 H), 5.58 (m, 1 H), 5.72 (d of d, 1 H, J = 
4.0 and 9.0 Hz), 6.41 (d, 1 H, J = 4.0 Hz), 6.55 ppm (d, 1 H, J = 9.0 
Hz). 
B. Enamide 17. Recrystallization from ether afforded enamide 

17 (341 mg, 2136, including the additional material obtained from 
the conversion of 20, 25%) as colorless crystals: mp 64.7-65.0'; ir 
(KBr) 3375, 1640, and 1600 cm-'; NMR (CDC13) 6 1.17 (d, 3 H, J 
= 6.0 Hz), 1.00-2.43 (m, 6 H), 3.23-3.87 (m, 1 H), 4.23-5.40 (com- 
plex, 3 H), 5.83 (d of d, 1 H, J = 4.0 and 9.0 Hz), 6.50 (d, 1 H, J = 
4.0 Hz), 6.63 (d, 1 H, J = 9.0 Hz), 6.66 ppm (br d, 1 H, J = 8.0 Hz); 
A,,, (95% EtOH) 278 nm (c 7340); m/e 195 (M+). 

Anal. Calcd for CllH17N02: C, 67.66; H, 8.78; N, 7.17. Found C, 
67.51, H, 8.52; N, 7.19. 
C. The Acetylene. An acetylenic compound13 was obtained as a 

yellow oil (307.6 mg, 19%) contaminated with small amounts of the 
starting material which could not be removed even after extensive 
thick layer chromatography: ir (neat) 3370, 2080, and 1600 cm-' 
(broad); NMR (CDC13) 6 1.23 (d, 3 H, J = 6.0 Hz), 1.07-2.43 (com- 
plex, 8 H), 3.00-4.12 (complex, 3 H), 3.37 (8 ,  1 H), 4.05-4.60 (com- 
plex, 1 H), 4.60-5.20 ppm ((complex, 1 H). 
D. a,&Unsaturated Ketone 16. Recrystallization from ether 

afforded the ketone 16 (36.0 mg, 5%) as colorless needles: mp 
86.2-86.3O; ir (KBr) 3230, 3050, 2910, 1690, 1650, 1625, and 1560 
cm-'; NMR (CDCl3) 6 1.33-1.77 (complex, 4 H), 1.90 (d of d, 3 H, 
J = 6.0 and 2.0 Hz), 2.27-2.89 (m, 2 H), 3.03-3.53 (m, 2 H), 5.57 (d 
of d, 1 H, J = 8.0 and 4.0 Hz), 5.90-6.50 (complex, 4 H), 6.85 (d of 
q, 1 H, J = 6.0 and 16.0 Hz); m/e 195 (M+). 

Anal. Calcd for CllH17N02: C, 67.66; H, 8.78; N, 7.17. Found C, 
67.63: H, 8.72; N, 7.08. 
E. Methoxy Ketone 15. Recrystallization of 15 in an ice bath 

using ether with a trace of methylene chloride to eliminate cloud- 
ing of the solution before crystallization began provided 15 (411.6 
mg, 22%) as a colorless powder: mp 26.8-27.4O; ir (neat) 3260,1705, 
1655, 1625, and 1545 cm-'; NMR (CDC13) 6.1.17 (d, 3 H, J = 6.0 
Hz), 1.40-1.90 (m, 4 H), 2.33:2.77 (m, 4 H), 3.03-3.50 (m, 2 H), 
3.33 (s,3 H), 3.82 (t of q, 1 H, J = 6.0 and 6.0 Hz), 5.60 (d of d, 1 H, 
J = 6.0 and 6.0 Hz), 6.27 (two d, 2 H, J = 6.0 Hz), 6.90-7.40 ppm 
(broad, 1 H). 

Anal. Calcd for C12H21N03: C, 63.41; H, 9.31; N, 6.16. Found C, 
63.45; H, 9.45; N, 6.24. 

The methoxy ketone 15 is converted to the a$-unsaturated ke- 
tone 16 in nearly quantitative yield upon dissolving in a moist 
chlorform solution of hydrochloric acid and refluxing for 65 hr. 

Synthesis of N-Propionyl Sedridine (18). To a solution of 
177.5 mg (1.24 mmol) of (f)-sedridine (13) and 180 fi1 (1.29 mmol) 
of triethylamine in 10 ml of benzene was added dropwise with stir- 
ring at room temperature 110 11 (1.27 mmol) of propionyl chloride 
in 10 ml of benzene. The reaction mixture was extracted with 10% 
aqueous hydrochloric acid after 1.5 hr. The organic layer was dried 
and evaporated to dryness to provide a light yellow oil which was 
purified by a Kugelrohr distillation. The fraction collected be- 
tween 129 and 135' (0.25 mm), 196.6 mg (80%), was the pure 
amide 18: ir (CHC1:j) 3370 and 1605 cm-l; NMR (CDC13) 6 1.14 (t, 
3 H, J = 8.0 Hz), 1.18 (d, 3 H, J = 5.0 Hz), 1.40-2.20 (complex, 8 
H), 2.49 (9, 2 H, J = 6.0 Hz), 2.66-4.50 (complex, 4 H), 4.70-5.10 
ppm (complex, 1 H). 

Anal. Calcd for CllH21N02: C, 66.29; H, 10.62; N, 7.03. Found: 
C, 66.11; H, 10.98; N, 7.14. 

The enamide 17 (8.7 mg, 0.045 mmol) and 98.5 mg of 5% rho- 
dium on carbon in 5 ml of absolute ethanol were stirred under one 
atmosphere of hydrogen for 12.5 hr. The catalyst was removed by 
filtration and the filtrate was evaporated to dryness to afford a 
light yellow oil in quantitative yield. The oil was homogeneous by 
TLC and was identical with 18 prepared by the aforementioned 
procedure as judged by TLC, ir, and NMR comparison. 
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The signs of the Cotton effects near 255 and 315 nm observed in the circular dichroism spectra of the N-salicyl- 
idene derivatives of a group of cyclic terpene amines (menthane, thujane, and fenchane ring systems) correlate 
with the absolute configurations of the amines. The Cotton effects are generated by the coupled oscillator mecha- 
nism, and their signs are determined by the chirality (right-handed screw for positive chirality) of the vicinal car- 
bon-carbon bonds and the attachment bond of the salicylidenimino chromophore. 

Application of the salicylidenimino chirality rule to the 
establishment of the absolute configuration of N-salicyli- 
dene (Schiff base) derivatives (1) of chiral a- and P-arylalk- 

Q--CH=N--CHR~RZ 

OH 
1 

ylamines has been extensively documented.lI6 The rule cor- 
relates the absolute configuration of these derivatives with 
their optical rotatory dispersion7 (ORD) and circular di- 
chroism6 (CD) spectra. The magnitudes of the rotational 
strengths for the observed Cotton effects near 255 and 315 
nm and the general features of the spectra indicate that the 
dominant mechanism operative in generation of the Cotton 
effects is electric transition moment dipole-dipole coupling 
of the aryl group with the salicylidenimino chromophore.6 
Positive chirality (right-handed screw) results in positive 
Cotton effects a t  255 and 315 nm. 

For the N-salicylidene derivatives of chiral alkylamines 
corresponding but less intense Cotton effects are ob- 
served.a11 As an extension of this work, we now report the 
CD spectra of the N-salicylidene derivatives of a group of 
cyclic terpene amines (2a-8a) (Chart I and Table I). In 
these spectra the signs of the observed Cotton effects near 
255 and 315 nm, considered to be generated by the coupled 

Chart I 

2 3 4 

A A 
6 7 

a, R = NH2 

b, R =  N=CH $J 
HO 

I 

HY‘’R 5 

8 

oscillator mechanism,15 correlate with the absolute configu- 
ration of the amine moiety. 

Results and Discussion 
Configuration and Preferred Conformation. The ab- 

solute configurations of the N-salicylidene derivatives 
2b-8b follow from those of the respective amines. Both 


