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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 

sulfamate4 (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 a t  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 obtaineds 
was refluxed in 2 N HCl for 4 hr, made alkaline and extracted 
with ether. The resulting ether solution was dried (KzC03) and 
evaporated to give pure 2-aminonicotinaldehyde (2) (9 g, 50%): 
mp 96-99" (lit.* 98"); ir (Nujol) 3440, 3250, 3125, 2750, 1650, 
1625, 1575, 1540 cm-1; nmr ~ T M ~  (DMSO-de) 9.96 (s, 1, HCO), 

J B - ~  = 8 Hz), 7.6 (broad, 2, NHd, 6.8 (dd, 1, H-8). 
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purity of the final product. Its recrystallization from water gave pure 
l b  (15.6g, 50%), mp224. 
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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.1 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.3 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 

Table I 
Entha lpy  of the Reaction of CPD and MA in Dioxane 

CPD MA 
Ternu. 'C Run flow ratea flow rate' - AH: 

25 .O 
2 
3 
4d 
5 
6 
7 
8 

Average 

2 
3 
4 
5 
6 
7s 
8 
9 

10 
11 
12 

Average 

40 .O 1, 

2 :8 2 . 8  
2 . 8  1 . 4  
2 . 8  1 .o 
2 .o 2 .o 
2 . 8  2 . 8  
1 . 4  1 . 4  
2 .o 2 .o 
2 . 8  2 . 8  

1 . 4  1 . 4  
2.0 2 .o 
2 . 8  2 . 8  
2 .o  1 . 4  
2 .8  1 . 4  
1 . 4  2 .o 
1 . 4  1 . 4  
2 .o 2 .o 
2 . 8  2 . 8  
2 .o 1.4 
2 . 8  1 . 4  
1 . 4  2 .o 

24.14 
24.50 
24.56 
24.92 
25.37 
24.27 
25.19 
25.24 

24.8 =k 0.5e 
25.50 
25.59 
25.77 
25.62 
25.69 
25.36 
25.78 
25.40 
25.39 
25.74 
25.45 
24.90 

25.5 =k 0.3c 

A relative flow rate of 1 is 3.53 ml/min. * Kcal/mol. 
cRuns1-3: [CPDI = 1.06 x 10-1M; [MA] = 2.0 x 10-l 
M .  R u n s  4-8: [CPD] = 2.12 x 10-1 M ;  [MA] = 4.0 X 
IO-' M. e The error is the standard deviation. f Runs 1-5: 
[CPD] = 1.88 X 10-l M; [MA] = 4.0 X 10-1 M. Q Runs 
7-12: [CPDI = 1.98 X 10-1 M ;  [MA] = 4.0 X lo-' 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)4 and MA (2-4 x 10-1 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 a t  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 f 0.5 kcal/mol a t  25.0", and 
-25.5 A 0.3 kcal/mol a t  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 AHr (25") = -24.8 f 0.5 
kcal/mol for the reaction in dioxane and the value of Rog- 
ers and guan  of A H ,  (25") = -26.2 f 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 CH2C12.6 The heat 
of solution of CPD in CHzClz 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 
CH2C12 as a first approximation. The heat of solution of 
MA in dioxane is also known from the work of Haberfield 
and Ray.5 



722 J. Org. Chem., Vol. 39, No. 5, 1974 Notes 

The enthalpy of transfer of the reactants from dioxane 
to CHzC12, GAHsoln (reactants) = AHrsoln (CH2C12) - 
AHrsoln (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 CH2C12, the small difference between our 
value and that of Rogers and g u a n  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 CH2C12, 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. I t  is potentially applicable to 
measurement of enthalpies of a wide variety of fast organ- 
ic reactions in solution. 

Experimental Section 
M a t e r i a l s .  Ma le i c  anhydr ide (Eas tman  Organic Chemicals) 

was recrystal l ized f r o m  CHC13, subl imed under  vacuum, a n d  
stored in a desiccator until use. Dioxane was pu r i f i ed  by ref lux ing 
over sodium fol lowed by d is t i l la t ion (onto molecular sieves) im- 
mediate ly  before use. CPD was obta ined b y  cracking endo-dicy- 
clopentadiene wh ich  h a d  been pu r i f i ed  by the  me thod  o f  H a r k -  
ness, e t  al.1" 

C a l o r i m e t r y .  T h e  f l ow  calorimeter ( a  modi f ied Beckman  
M o d e l  190 microcalorimeter) has been described in de ta i l  else- 
where.3.11 Cal ibrat ion was accomplished by measuring the en- 
tha lpy  of react ion o f  1.000 X 10-3 N HC1 a n d  2.000 X 10-3 N 
N a O H ,  employ ing the  values given by Grenthe, e t  a1.,12 for t he  
enthalpy of format ion of water. 

T h e  temperature o f  t he  calorimeter was regulated t o  w i t h i n  
10.005" a t  b o t h  temperatures a t  wh ich  the  react ion was investi-  
gated. T h e  o u t p u t  of the thermopi le  during the  steady-state per i -  
o d  was integrated us ing a b a l l  a n d  d isk integrator. T h e  integra- 
t i o n  precision is est imated t o  be bet ter  t h a n  11%. 
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The reaction of tertiary alcohols with N-iodosuccinim- 
ide (NIS) has been shown to produce alkyl iodides and ke- 
t0nes.l 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 ketones2 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 tetrachloride4 and 2,6-dimethyl-4-heptanol gives a 
furan when treated with bromine and silver acetate.5 

OH 
I 

0 
II 

CGHjCHO + (CHJZCHI + NHS + CsHbCCH(CHJ2 

The reaction of 1 with NIS in carbon tetrachloride a t  
reflux in the presence of visible light6 produced 78-87% 
benzaldehyde and 4-12% isobutyrophenone.7 The 2-iodo- 
propane product was found to be produced in 83% yield 
when no solvent was present, Succinimide was produced 
in 7540% yield. 

oH6H + NIS + ICH,CH,CH,CH,CHO + NHS 

2 


