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Flavors for smoking products are 
conveniently added directly to the to- 
bacco at some stage in the manufac- 
turing process. If the flavoring ma- 
terial is volatile, much of it may be 
lost by evaporation during subse- 
quent manufacturing steps and stor- 
age of the finished product. The 
flavorant may also contribute un- 
desirably to the pack aroma of the 
product. Evaporation losses are ap- 
preciable with flavors presently in 
use such as menthol and become more 
acute with experimental flavors of 
greater volatility. We encountered 
this problem while studying the ef- 
fect on total smoke flavor of smoke 
constituents such as isoprene, furan, 
or acetaldehyde. These cannot be 
added to tobacco since they evaporate 
before cigarettes can be made. 

Several proposals have been made 
for reducing the volatility of tobacco 
flavors without impairing their re- 
lease into smoke. Adsorption on ben- 
tcnite, silica gel, alumina, or char- 
coal has been suggested (1). Jones 
(2) and Teague (3) have introduced 
flavorful acids into smoke by adding 
non-volatile ester derivatives to to- 
bacco. This method is applicable only 
when the desired flavorant is an acid. 

In this work the use of non-volatile 
adducts of volatile flavorants was in- 
vestigated. Useful adducts must be 
non-volatile, odorless, and stable un- 
der conditions of storage on tobacco. 
They must decompose thermally to 
regenerate the flavor in good yield 
and any other products formed must 
either be non-voiatile or odorless and 
physiologically harmless. Two types 
of adducts have been found which 
satisfy these requirements: the ad- 
ducts formed in the Diels-Alder re- 
action and the inclusion compounds 
formed by the cyclodextrins. 

The cyclodextrins or Schardinger 
dextrins are carbohydrates formed 
by enzymatic degradation of starch. 
Alpha-, beta, and gamnza-cyclodex- 
trin are cyclic compounds in which 
six, seven, and eight glucose mole- 
cules, respectively, are linked in a 
large ring by be$a-glucoside linkages. 
The adducts which they form with 
organic compounds are believed to 
be inclusion compounds or clathrates. 
Recent reviews on the cyclodextrins 
(4) and on inclusion compound for- 
mation (5, 6) are available. 

Experimental 
Diels-Al.der a,dducfs: The adducts 

shown in Table 1 were prepared by 
the published procedures (7-15). So- 
dium salts were made by adding 2N 
sodium hydroxide to a stlrred suspen- 
sion of the adduct (2.0 g.) in water 
(50 ml.) at 65” C. until a permanent 
phenolphthalein end point was 
reached. The sodium salts, obtained 
by evaporating the resulting solu- 
tions, were all white solids of indefi- 
nite melting point, soluble in water 
or ethanol, and insoluble in non-polar 
solvents. 

Cyclodextrin adducts: Alpha-, 
beta-, and gamma-cyclodextrins were 
separated from a crude cyclodextrin 
mixture2 and purified by the pub- 
lished procedure (4). The adducts 
were prepared by adding 2.0 ml. of 
the flavorant to an aqueous cyclodex- 
trin solution (alpha-cyclodextrin 1.0 
g. in 10 ml., beta cyclodextrin 0.5 g. 
in 20 ml., grrm?na-cyclodextrin 0.3 g. 
in 10 ml.) and stirring the mixture 
for l-4 hours. The precipitate of ad- 
duct was filtered, dried in air, and 
washed first with absolute ethanol, 
then with anhydrous ether until it 
was odorless. 

All of the adducts prepared were 

1 Presented in $art at the 16th Tobacco Chmzists’ 
Conference, Richmmzd, Virginia, September 26-28, -__ 
1962. Some parts of this work have also been de. 2 We wish to thank the Commercial Solvmts 
scribed in U. S. Patwsts 3,047,431 and 3.047,433. Corporation for the gemrous gift of tkic matuiol. 

white solids, insoluble in water and 
organic solvents. They were decom- 
posed rapidly by boiling water into 
the original components. All of them 
decomposed without melting at 290- 
310” C. resulting in volatilization of 
the guest component accompanied by 
charring of the cyclodextrin residue. 

Armlysis of the cyclodcatrin. nd- 
ducts: A suspension of the adduct 
(0.100 g.) in 5.0 ml. of water was 
brought to the boil and quickly ex- 
tracted with 2.0 ml. of iso-octane. A 
10 /~.l. aliquot of the extract was 
chromatographed on a 2 m. column 
R. using a Perkin-Elmer model 154 
Vapor Fractometer. The column tem- 
perature and flow rate were varied 
depending on the compound under in- 
vestigation. The amount of flavorant 
was estimated by comparing its peak 
height with a plot of peak height 
versus concentrat,ion for the particu- 
lar compound. Heating and extract- 
ing the cyclodextrin solution a second 
timP did not yield any additional 
Kuest compound. In some cases the 
‘amount of flavorant in the iso-octane 
extract was determined by infrared 
or ultra-violet spectroscopy. 

Stability of the cyclodprtrin a,dducf 
on tobacco: A sample of the menthol- 
betcr-cyclodextrin adduct (6.73 g.) 
which analyzed 6.15% menthol was 
finely ground and intimately mixed 
with 135 R. of tobacco. The mixture 
was stored in a dessicator over satur- 
ated ammonium chloride (relative 
humidity ‘79%) for three months. 
The adduct was then mechanically 
separated from the tobacco, washed 
with ether, and analyzed. The men- 
thol content, 5.82%, indicated that 
the adduct was 957; undecomposed. 

Pyrolysis products from sodium 
ma.lente: The sodium salt (0.50 g.) of 
the adduct from menthofuran and 
maleic anhydride was heated in a dis- 
tilling flask by a bath of Woods’ 
metal at 450°C. for 10 minutes. The 
receiving flask led to a trap cooled 
in liquid nitrogen. The infrared spec- 
trum of the material in the receiving 
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Table 1. Pyrolysis of Diels-Alder Adducts 

Adduct m.p. (lit. m.p.) 
Pyrolysis Products at 750°C 

ref. (yield) 

*Myrcene-maleic acid 121-123” (123.5”) 7 
*Anethole-maleic anhydride 

Myrcene (32 % ) 
246-248” (249”) 8 

“Alpha-phellandrene-maleic anhydride 
Anethole (14%) 

127-128” (126”) 9 alpha-Phellandrene (8% ) 
p-Cymene (32% ) 

.*Menthofuran-maleic anhydride 131-133” (138”) 10 
“Isoprene-maleic anhydride 

Menthofuran (30%) 
63-64” (64”) 11 Isoprene (37% ) 

*Cyclopentadiene-acetylenedicarboxylic acid 
Dipentene (2%) 

168-170” (170”) 12 
*Furan-acetylenedicarboxylic acid 

Cyclopentadiene (26% ) 
154-156” (158”) 13 

endo-Dehydronorborneol 
Furan (33%) 

106-108” (111”) 14 Cyclopentadiene (17% > 
Acetaldehyde (12% > 
Benzene (1% ) 

Isoprene-cinnamaldehyde b.p. 89-93”/1 mm. 15 Isoprene ( 18 % ) 
(154-155”/10 mm.) Cinnamaldehyde (13% ) 

Benzene (2% ) 
Toluene (1% ) 
Styrene (cu. 0.1%) 
Dipentene (cu. 0.1% ) 
2-Phenyl-4-methylbenzaldehyde 
(ca. 0.01% ) 

*Converted to sodium salt before pyrolysis. 

flask (0.21 g.) was the same as that 
of menthofuran. The material in the 
cold trap, identified by mass spectro- 
metric analysis, consisted of carbon 
dioxide containing 1.1 mole percent 
acetylene. The residue in the distill- 
ing flask (0.15 g.) was extracted with 
boiling water, giving a strongly alka- 
line solution which liberated carbon 
dioxide on acidification and a black 
residue (0.05 g.) which was insoluble 
in all solvents. A pvrolysis of di- 
sodium maleate carried out in the 
same manner likewise yielded carbon 
dioxide, traces of acetylene, and a 
residue having similar properties. 

Pyrolysis of Diels-Alder adducts : 
The pyrolysis reaction vessel was a 
stainless steel tube, 60 mm. by 5 mm. 
i.d., heated by resistance. A thermo- 
couple inside the tube measured an 
equilibrium temperature of 750°C. 
within 10 seconds after the start of 
the heating. The sample, mixed with 
three times its weight of Celite, was 
packed in the tube and a stream of 
air was passed through the tube at 
a rate of 15-25 ml. per minute. The 
air stream then passed through a 
trap cooled in liquid nitrogen. The 
total pyrolysis time was 60 seconds 
at 750°C. 

The pyrolysate in the liquid nitro- 
gen trap, after warming to room 
temperature, was dissolved in hexane 
or acetone and examined by gas 
chromatography, using the chromato- 
graphic equipment and conditions 
described above. Compounds were 

identified by comparing their reten- a sample splitter, each column having 
tion times with these of reference a flame gauge detector. A complex 
compounds. In addition, the compon- pattern of 89 distinct peaks was ob- 
ents were trapped from the chromato- tained from the cyclodextrin pyroly- 
graph and their identification was sate on the two columns. Chromato- 
confirmed by comparing their infra- graphy of the pyrolysates from the 
red and ultraviolet spectra with those cyclodextrin adducts gave identical 
of reference compounds. Yields were patterns except that on each pattern 
estimated by comparing chromato- was superimposed a much larger 
graphic peak heights with those from pe.ak whose retention times corre- 
known quantities of the respective spond to those of the fiavorant used 
reference materials. in forming the adduct. 

In one case, in the chromatogram 
of the pyrolysate from the cinna- 
maldehyde-isoprene adduct, a peak 
which did not correspond to any 
available reference compound was ob- 
served. The spectral properties of the 
compound (infrared bands at 3.65, 
5 95, 6.25, 6.70, 6.92, 7.25, 7.95, 12.5, 
13.4 and 14.3 microns; ultraviolet 
maxima at 243, 250, and 290 milli- 
microns) were consistent with its 
proposed formulation as 2-phenyl-4- 
methylbenzaldehyde. This compound, 
previously unreported, is a dehydro- 
genation product of the starting ad- 
duct. 

In the cyclodextrin pyrolysate the 
following compounds were identified 
by mass spectrometric analysis : 
methanol, ethylene, acetaldehyde, ace- 
tone, acrolein, 3-methyl-1-butene, 
furan, and 2-methylfuran. In addi- 
tion to these, the following compounds 
were provisionally identified by the 
correspondence of retention times on 
the two columns with those of known 
compounds : methane, ethane, pro- 
pane, propene, propionaldehyde, l- 
butene, 2-methylbutene-1, n-butane, 
butadiene, 2,3-butanedione, 2-buta- 
none, pentane, and l-hexane. 

Pyrolysis of the cyclodextrins and 
their adducts : The same pyrolysis ap- 
paratus and procedure were used. 

Each pyrolysate was examined by 
mass spectrometric analysis and by 
capillary column gas chromato- 
graphy. The samples were chromato- 
graphed simultaneously at room tem- 
perature on a 300 foot squalane 
column and a 100 foot 2-phenoxyeth- 
anol column connected by means of 

Preparation of cigarettes and 
smoking procedure : Ethanolic solu- 
tions of the Diels-Alder adducts or 
their sodium salts were sprayed onto 
tobacco. The cyclodextrin adducts 
were applied by tumbling tobacco, 
moistened with glycerol, with the 
powdered adduct. The amount of 
adduct applied was in the range 
1.0-3.0 g. per 100 g. tobacco. The 
treated tobacco was made into 70 
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Table 2. Yield of Adducts with Beta-Cyclodextrin 

Class Compound y. Yield Class Compound y. Yield 

hydrocarbons n-pentane 0 ketones, cont. 2acetylpyrrole 0 
n-hexane 0 methylheptenone 71 
n-heptane 12 menthone 90 
n-octane 81 aldehydes propionaldehyde 0 
n-decane 92 furfural 62 
decalin 42 benzaldehyde 57 
benzene 82 cinnamaldehyde 39 
toluene 86 piperonal 25 
dipentene 98 vanillin 0 
myrcene 54 ethyl vanillin 38 
alpha-pinene 80 citronella1 82 

ethers diethyl ether 0 phenols phenol 0 
furan 90 p-cresol 74 
cineol 78 m-cresol 74 

alcohols ethanol 0 o-cresol 76 
benzyl alcohol 58 2,4-xylenol 88 
phenethyl alcohol 73 3,5-xylenol 84 
menthol 80-90 acids formic acid 0 
geraniol 94 acetic acid 0 
linalool 82 propionic ,acid 33 

esters ethyl acetate 0 butyric acid 50 
coumarin 54 valeric acid 77 
methyl salicylate 90 (920 85-100 

ketones methyl isobutyl ketone 0 
cyclohexanone 0 

mm. unfiltered cigarettes. 
For quantitative determination of 

the added flavors in smoke, the cigar- 
ettes were mechanically smoked by a 
standard procedure (16), taking a 
two second, 35 ml. puff once a minute. 
Cambridge filter pads were used to 
separate the gaseous and particulate 
phases. Furan was determined in the 
gas phase by a mass spectrometric 
method. Anethole was analyzed by 
differential ultraviolet spectrophoto- 
metry, measuring an ethanolic ex- 
tract of the filter pads against a sim- 
ilar extract from a control cigarette, 
using the peak at 260 millimicrons. 
Menthol was determined by a stand- 
ard gas chromatographic method. 

Other flavorants were not deter- 
mined quantitatively. They were 
qualitatively detected in smoke and 
their effect on smoke flavor was eval- 
uated by a subjective panel. These 
flavorants included menthofuran, 
cinnamaldehyde, linalool, geraniol, 
cineol, citronellal, phenylethyl alcohol, 
and coumarin. 

Gas chromatograhpy of cigarette 
smoke : The cigarettes were manually 
smoked, taking a 35 ml. puff of ap- 
proxim.ately 2 seconds duration each 
minute. The gas phase portion of the 
fourth puff was chromatographed on 
the squalane and phenoxyethanol 
capillary columns described above. 
The complex chromatographic pat- 
tern (84 peaks) obtained from a 

cigarette containing 30 mg. of alpha- 
cyclodextrin was very similar to the 
pattern obtained from a control cig- 
arette. No peaks were present which 
were not also observed in the control 
pattern, and there were only small 
differences in peak heights. A cigar- 
ette which contained 30 mg. of the 
alpha-cyclodextrin-furan adduct gave 
an identical chromatographic pattern 
except that the peak whose retention 
time corresponded to that of known 
furan was greatly increased. 

Results and Discussion 

To establish the utility of Diels- 
Alder and cyclodextrin adducts for 
adding flavors to cigarette smoke, 
it was necessary to determine that ap- 
propriate adducts could be prepared 
readily, that they were stable on 
storage, that they released the flavor- 
ant on heating, that this release oc- 
curred in burning cigarettes, and 
that the non-flavorant portion of the 
adduct was not likely to add unde- 
sired constituents to the smoke. 

A number of Diels-Alder adducts 
in which either the diene or dieno- 
phile moiety was of interest for 
smoke flavor has been described. 
Those studied in this work are listed 
in Table 1. 

Since the presence of either maleic 
anhydride or acetylene-dicarboxylic 
acid in smoke would be undesirable, 
the adducts from these dienophiles 

were reacted with alkali, to open the 
anhydride rings and neutralize the 
carboxyl groups formed. The result- 
ing sodium salts were used in subse- 
quent experiments. A reverse Diels- 
Alder reaction of these salts would 
be expected to yield the diene and 
either disodium maleate or disodium 
acetylene-dicarboxylate. When the 
sodium salt of the menthofuran- 
maleic anhydride adduct was heated 
at 45O”C., there was formed, in addi- 
tion to menthofuran, carbon dioxide, 
sodium carbonate, a trace of acety- 
lene, and a carbonaceous residue. 
These products were assumed to arise 
from thermal decomposition of the 
disodium maleate initially formed, 
since pyrolysis of disodium maleate 
gave a similar mixture of products. 

Cyclodextrin adducts were readily 
prepared from a wide range of com- 
pounds. In Table 2 are listed the 
yields of adducts obtained from beta- 
cvclodextrin and a number of poten- 
tial flavorants. The chief limitations 
on adduct formation are that acyclic 
compounds having a chain length of 
approximately seven or less do not 
form adducts and that water soluble 
compounds do not form adducts 
under our conditions. 

Adduct formation is not limited 
to pure compounds. Adducts were ob- 
tained in 50-70y0 yield from oil of 
peach, oil of orange, and oil of lemon. 
When these adducts were decomposed 
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by boiling water the odors released 
were indistinguishable from those of 
the original oils. Evidently those 
compounds in the natural mixture 
most responsible for its odor are ef- 
ficiently included by the cyclodextrin. 

The cyclodextrin adducts contain 
3% to 12% of the included compon- 
ent. Some analyses are shown in 
Table 3. The molar ratio of included 
component to cyclodextrin was gen- 
erally less than unity. 

Since these adducts are decom- 
posed rapidly by hot water, it was 
necessary to demonstrate that they 
were stable on tobacco. This was 
done by storing a mixture of the 
menthol-cyclodextrin adduct and to- 
bacco at a high moisture level. The 
adduct was found to be 95% unde- 
composed after three months. 

The release of the flavorant por- 
tion of the adducts upon heating was 
demonstrated by pyrolyzing the ad- 
ducts at 750°C. in a stream of air, 
a procedure designed to approximate 
conditions occurring in a burning 
cigarette. The pyrolytic products 
from the Diels-Alder adducts are 
given in Table 1 along with their 
yields, which are reported as the 
percent of the amount theoretically 
expected from the reaction stoichiom- 
etry. The majority of the adducts de- 
composed cleanly yielding only those 
products expected from a reverse 
Diels-Alder reaction. Dehydronor- 
borneol, formally a Diels-Alder ad- 
duct from cyclopentadiene and vinyl 
alcohol, yielded cyclopentadiene and 
acetaldehyde, showing that its ther- 
mal decomposition occurs as a re- 
verse Diels-Alder reaction. 

Exceptions to this were the alpka- 
phellandrene-maleic anhydride ad- 
duct, where dehydrogenation of the 
initial product to p-cymene occurred, 
and the cinnamaldehyde-isoprene ad- 
duct, where in addition to the ex- 
pected products, compounds arising 

Table 3. Analyses of Cyclodextrin Adducts 

molar ratio; 

i?*%Et 
Method of Guest to 

Guest Cyclodextrin Analysis cyclodextrin 

anethole alpha 5.2 .36 
benzene alpha 3.1 

EG 
.39 

d-limonene alpha 3.1 GLC .23 
d-limonene beta 4.7 GLC .41 
d-limonene gamma 6.6 GLC .67 
I-menthol alpha 3.6 GLCJR .23 
l-menthol beta 6.4 GLC,IR .49 
l-menthol gamma 11.8 GLC 1.11 
p-cresol alpha 11.3 uv 1.15 
p-cresol beta 4.2 uv .46 
m-cresol beta 2.8 uv .55 
o-cresol beta 5.0 uv .30 
2,4-xylenol beta 4.5 uv .43 
3,5-xylenol beta 3.2 uv .30 

from more extensive decomposition 
were observed. In cases where iso- 
prene was formed it was accompa- 
nied by a smaller quantity of its 
dimer, dipentene. 

The cyclodextrin adducts lose their 
included molecule when they are 
heated to about 3OO”C., the decompo- 
sition point of the cyclodextrin. 
Pyrolysis of these adducts in air at 
750°C. caused volatilization of the in- 
cluded flavorant and extensive decom- 
position of the cyclodextrin. A num- 
ber of decomposition products were 
tentatively identified by mass-spec- 
trometry and pas chromatography 
(see Experimental Section). Most of 
the compounds thus identified have 
been found previously in pyrolysates 
from other carbohydrates (1’7, 18) 
and are also normal constituents of 
cigarette smoke (19). 

The thermal release of flavorants 
from the adducts occurred during 
smoking when the adducts were ap- 

plied to tobacco in cigarettes. The 
odor of some flavorants was distinc- 
tive enough that they could readily 
be detected subjectively in cigarette 
smoke. In these cases smoking by 
panel members was sufficient to es- 
tablish the presence of the flavorant. 
In some other cases the amount of 
flavorant added to the smoke was 
measured analytically. These data are 
shown in Table 4. The yields are cal- 
culated as the amount found in smoke 
divided by the amount added to the 
tobacco in the form of adduct. The 
yields are not high, however only 
15-25% of an additive such as men- 
thol applied directly to tobacco is 
found in mainstream smoke, since a 
major portion of the tobacco in a 
cigarette is burned between puffs or 
is left unconsumed in the butt. 

The addition of undesired decom- 
position products from these adducts 
to cigarette smoke appears unlikely. 
The clean pyrolysis observed in the 

Adduct 

alpha-cyclodextrin 
menthol 

beta-cyclodextrin 
menthol 

anethole-maleic 
anhydride” 

furan-acetylene 
dicarboxylic acid” 

Table 4. Yields of Flavorant in Cigarette Smoke 

o/0 Flavorant Level Adduct Applied Flavorant in Smoke Yield 
in Adduct (g. per 100 g. tobacco) (mg. per cigarette) Per Cent 

3.6%O” 1.63 .05 8.5% 

6.4%” 2.50 .14 8.8% 

31.6%c 0.75 .12 5.1% 

46.4%c 2.00 1.08 11.6% 
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Diels-Alder adducts can be assumed 
to occur also in cigarettes. The pyrol- 
ysis products from the cyclodextrins 
were shown to be similar in nature 
to those from other glucose polymers 
which occur abundantly in tobacco. 
As additional evidence on this point 
we cite cigarettes containing either 
the furan-acetylenedicarboxylic acid 
adduct or the furan-alpti-cyclodex- 
trin adduct. The mass spectrometric 
analysis of the gas-phase smoke from 
the former cigarettes revealed t.hat, 
with the exception of furan, the 
amounts of the 20 gas phase constitu- 
ents analyzed by this method were 
not different from those found from 
control cigarettes. Likewise, gas 
chromatograms of the gas-phase 
smoke from the latter cigarettes on 
two capillary columns, when com- 
pared with chromatograms from con- 
trol cigarettes, did not show any evi- 
dence of additiona compounds exog- 
enous to normal cigarette smoke. In 
no case were undesirable flavor notes 
observed during subjective smoking 
evaluation of additive-containing eig- 
arettes. 

The use of Diels-Alder adducts in 
studying smoke flavor is limited to 
flavorants which can act as either 
dienes or dienophiles. The cyclodex- 

trin adducts have no such limitation. 
However, due to the small percentage 
of flavorant in the cyclodextrin ad- 
duct, there is a practical limitation 
on the amount of flavorant which can 
be added by this method. 
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