Notes

Finally, it should be noted that the o-aminoaldehyde
functionality in 2 is generated in one single reaction step,
in contrast with previous routes to aromatic o-aminoal-
dehydes, where both functional groups are elaborated sep-
arately.

Experimental Section

A mixture of nicotinamide (36.5 g, 0.3 mol) and ammonium
sulfamate* (52 g, 0.45 mol) was heated in an oil bath at 150°.
After a clear melt was obtained, the temperature was raised slow-
ly to 200°. The mixture was kept at this temperature for 6 hr,
after which the content of the flask had completely solidified.
Water was added and the precipitate collected and washed with
ether to remove nicotinonitrile. The solid material thus obtained®
was refluxed in 2 N HCI for 4 hr, made alkaline and extracted
with ether. The resulting ether solution was dried (K4COj3) and
evaporated to give pure 2-aminonicotinaldehyde (2) (9 g, 50%):
mp 98-99° (lit.2 98°); ir (Nujol) 3440, 3250, 3125, 2750, 1650,
1625, 1575, 1540 cm~!; nmr érms (DMSO-dg) 9.96 (s, 1, HCO),
8.33 (dd, 1, H-q, J,-5 = 4 Hz, J,—, = 2 Hz), 8.08 (dd, 1, H-v,
Js-, = 8 Hz), 7.6 (broad, 2, NHy), 6.8 (dd, 1, H-8).
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In connection with a program of research on the ener-
getics of cycloaddition reactions, we determined the en-
thalpy of the reaction between cyclopentadiene (CPD)
and maleic anhydride (MA). Our report is prompted by
the recent publication of similar data by Rogers and
Quan.! These workers determined the heat for the DA
reaction by standard solution calorimetric techniques.
While the literature of thermal reactions abounds with
kinetic data, measurement of enthalpies of reaction lags
far behind. Where such data exist, they are often derived
indirectly from heats of combustion or hydrogenation, or
from van’t Hoff data.?2 Our measurements provide an ex-
ample of an application of flow calorimetry to the study of
an organic reaction in solution.

The flow calorimeter and method employed have been
described by Sturtevant.? The main components of the
apparatus are a precision fluid delivery system capable of a
wide range of delivery rates, a thermopile, and a massive
aluminum heat sink. The reactant solutions are preequili-
brated to the desired temperature and delivered through
separate tubes to a junction where they are mixed just as
they reach the thermopile. The heat evolved or absorbed
upon mixing the solutions is quantitatively conducted
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Table I
Enthalpy of the Reaction of CPD and MA in Dioxane
CPD MA
Temp, °C Run flow rate®  flow rate® — AHP®
25.0 1¢ 2.8 2.8 24 .14
2 2.8 1.4 24 .50
3 2.8 1.0 24 .56
44 2.0 2.0 24 .92
5 2.8 2.8 25 .37
6 1.4 1.4 24 .27
7 2.0 2.0 25.19
8 2.8 2.8 25.24
Average 24 .8 + 0.5¢
40.0 1/ 1.4 1.4 25.50
2 2.0 2.0 25 .59
3 2.8 2.8 25.77
4 2.0 1.4 25 .62
5 2.8 1.4 25 .69
6 1.4 2.0 25 .36
70 1.4 1.4 25.78
8 2.0 2.0 25,40
9 2.8 2.8 25.39
10 2.0 1.4 25.74
11 2.8 1.4 25 .45
12 1.4 2.0 24 .90
Average 25.5 £ 0.3¢

o A relative flow rate of 1 is 3.53 ml/min. * Kcal/mol.
cRuns 1-3: [CPD] = 1.06 X 10t M; [MA] = 2.0 X 10!
M. ¢Runs 4-8; [CPD] = 2,12 X 10~ M; [MA] = 4.0 X
10-t M. ¢ The error is the standard deviation. / Runs 1-5:
[CPD] = 1.88 X 10-* M; [MA] = 4.0 X 10~ M. 7 Runs
7-12: [CPD] = 1.98 X 10-! M; [MA] = 4.0 X 10-1 M.

through the thermopile to the heat sink. The output of
the thermopile is integrated to yield the total heat trans-
ferred during a specified period.

In the experiments performed, solutions of CPD (1-2 X
10-1 M)¢ and MA (2-4 X 10-! M) in dioxane were al-
lowed to react in the calorimeter. Upon mixing, an exo-
thermic reaction ensued and the thermopile output in-
creased to a steady-state value. The heat evolution was
integrated for at least 5 min of the steady-state period. It
should be noted that the flow rates of the two reactants
were varied relative to one another, in order to demon-
strate that the reaction was complete during the residence
time in the calorimeter. Experiments were performed at
25 and 40°. The results of multiple runs are summarized
in Table I. Control experiments indicated that there was
negligible heat change on mixing of pure dioxane, or of
dioxane with either reactant solution.

The enthalpy of reaction of CPD and MA in dioxane so-
lution was found to be —24.8 £ 0.5 kcal/mol at 25.0°, and
~25.5 £ 0.3 kcal/mol at 40° (the error quoted is the stan-
dard deviation). The precision of our values is not high
enough to permit conclusions about the ACp of this reac-
tion, except to say that this term is probably small.

Comparison of our value of AH, (25°) = —24.8 + 0.5
kcal/mol for the reaction in dioxane and the value of Rog-
ers and Quan of AH, (25°) = ~26.2 = 0.1 kcal/mol for the
reaction in dichloromethane indicates very good agree-
ment after correction for solvent effects. Most of the data
needed for solvent-effect corrections can be found in the
work of Haberfield and Ray5 as well as that of Rogers and
Quan. The latter two investigators determined the heats
of solution of CPD, MA, and the product endo-5-norbor-
nene 2,3-dicarboxylic anhydride (N) in CH2Cl,.6 The heat
of solution of CPD in CH3Cl; is 0.1 kcal/mol. This quan-
tity is unknown in dioxane but it is almost certainly
small, and can be assumed to be equal to the value in
CH:Cl; as a first approximation. The heat of solution of
MA in dioxane is also known from the work of Haberfield
and Ray.?
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The enthalpy of transfer of the reactants from dioxane
to CHCls, 6AHson (reactants) = AH'som (CHoClg) —
AH%s01n (dioxane), is 1.2 kcal/mol. The heat of solution of
N in dioxane is unknown. If it is assumed to be equal to
the value in CH3Cls, the small difference between our
value and that of Rogers and Quan reduces to 0.3 kcal/
mol, which is well within experimental error. Even if one
assumes a value as large as 1 kcal/mol for the enthalpy of
transfer of the product from dioxane to CH,Clz, one
would still find that our results are in good agreement
with the values determined by standard solution calorim-
etry.?

In conclusion, we wish to emphasize that the flow calor-
imetric method employed is fast, convenient, and requires
small amounts of sample. It is potentially applicable to

measurement of enthalpies of a wide variety of fast organ-

ic reactions in solution.

Experimental Section

Materials. Maleic anhydride (Eastman Organic Chemicals)
was recrystallized from CHCl;, sublimed under vacuum, and
stored in a desiccator until use. Dioxane was purified by refluxing
over sodium followed by distillation (onto molecular sieves) im-
mediately before use. CPD was obtained by cracking endo-dicy-
clopentadiene which had been purified by the method of Hark-
ness, et al.19

Calorimetry. The flow calorimeter (a modified Beckman
Model 190 microcalorimeter) has been described in detail else-
where 311 Calibration was accomplished by measuring the en-
thalpy of reaction of 1.000 X 10-3 N HCI and 2.000 X 10-3 N
‘NaOH, employing the values given by Grenthe, et al.,22 for the
enthalpy of formation of water.

The temperature of the calorimeter was regulated to within
+0.005° at both temperatures at which the reaction was investi-
gated. The output of the thermopile during the steady-state peri-
od was integrated using a ball and disk integrator, The integra-
tion precision is estimated to be better than +1%.

Acknowledgment. We thank Professor Julian M. Stur-
tevant for the use of his flow calorimeter. David Kabakoff
wishes to thank the Natijonal Institutes of Health for a
predoctoral fellowship (Number GM-47, 980-03). This
work was supported, in part, by grants from the National
Science Foundation, GP-33909X to Professor Jerome A.
Berson, and GB-36346X to Professor Sturtevant. We
thank Professor Berson for his encouragement.

Registry No. CPD, 542-92-7; MA, 108-31-6.

References and Notes

(1) F.E.Rogers and 8. W. Quan, J. Phys. Chem., 77, 828 (1973).

(2) K. B. Wiberg in “Determination of Organic Structures by Physical
Methods,” Vol. 3, Academic Press, New York, N. Y., 1971, Chap-
ter 4.

(3) (a) J. M. Sturtevant and P. A, Lyons, J. Chem. Thermodynamics, 1,
201 (1969); (b) S. F. Velick, J. P. Baggott, and J. M. Sturtevant,
Biochemistry, 10, 779 (1971).

) Atthese concentrations negligible dimerization of CPD occurred.

5} P.Haberfield and A. K. Ray, J. Org. Chem., 37, 3093 (1972).

) A reviewer has questioned whether the product is 100% endo ad-
duct. Although we did not determine this, the paper by Rogers and
Quan’ states that “Wilder and Gratz fractionally crystallized a kinet-
ically determined reaction mixture and found 1.4% exo.” The cita-
tion to the above experiment is erroneous, neither has this work
been done by P. Wilder, Jr. (private communication}. We have
been unable to find the source of the report; however, even if it is
substantiated, the enthalpy difference between N and X is expected
to be quite small, so that the effect on cur measured enthalpy is
negligible.

Using their data Rogers and Quan calculated a value for AH,(g),

and suggested an empirical eguation for estimation of the heat of

any DA reaction

~

AH%(g) — AH:B(g) = AHKY — AHY® (4]

where AH d(g) is the heat of addition of any diene to dienophile (d),
AH.2(g) is the enthalpy of addition to ethylene, and AHux® and
AHy® are the heats of hydrogenation of the dienophile and ethyl-
ene. Applying this equation to the reaction of CPD + MA they cal-
cufated a value for AH (g) which was 2.6 kcal/mol less exother-
mic than the experimental value. It should be noted that the value
of AH,8(g) is derived from the heat of formation of norbornene.
The value used by Rogers and Quan of 20.8 kcal/mol has been
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The reaction of tertiary alcohols with N-iodosuccinim-
ide (NIS) has been shown to produce alkyl iodides and ke-
tones.! The two products give good evidence that an alkyl
hypoiodite is an intermediate in the reaction. The small
number of secondary alcohols that have been oxidized
with NIS produce ketones? and cyclic ethers.3 The forma-
tion of a cyclic ether from a secondary alcohol and NIS
suggests that an intermediate hypoiodite is probably
formed (Barton-type reaction), while the production of a
ketone may involve either hypoiodite formation or suc-
cinimidyl radical hydrogen abstraction.2

To gain more evidence for the general mechanistic
pathway involved in the oxidation of secondary alcohols
with NIS, NIS was allowed to react with three secondary
alcohols, 2-methyl-1-phenyl-1-propanol (1, Table I), cyclo-
pentanol (2), and 2,6-dimethyl-4-heptanol (3), that we be-
lieved would not form ketones if an intermediate hypoio-
dite was involved in the oxidation. Two of the secondary al-
cohols had previously been oxidized with reagents that are
thought to produce hypohalite intermediates, and ketones
were not the major product. Cyclopentanol gives 5-iodo-
pentanal when treated with iodine and mercuric oxide in
carbon tetrachloridet and 2,6-dimethyl-4-heptanol gives a
furan when treated with bromine and silver acetate.?

OH

C:H;CHCH(CH;) + NIS -—
1
0

I
CH,CHO + (CH,).CHI + NHS + CH,CCH(CHy),

The reaction of 1 with NIS in carbon tetrachloride at
reflux in the presence of visible light® produced 78-87%
benzaldehyde and 4-12% isobutyrophenone.” The 2-iodo-
propane product was found to be produced in 83% yield
when no solvent was present. Succinimide was produced
in 75-80% yield.

OH H
é + NIS -— ICHCH,CH,CH,CHO + NHS
2



