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ABSTRACT: One of the fundamental aspects of the carbon fiber-reinforced, high-tem-
perature polyimide composite AFR700B/T650-35, namely, the curing chemistry in-
volved in the polyimide formation, was studied in real time with thermogravimetry/
Fourier transform infrared (FTIR)/mass spectrometry (MS) evolved-gas analysis tech-
niques. The off-gas reaction products identified by FTIR and MS essentially confirmed
the literature polyimide curing mechanisms. However, the FTIR/MS data obtained
could also accommodate a reversed curing chemistry in which the elimination of water
from amide ester formation occurred first and was followed by the release of methanol
from subsequent imidization. © 2002 John Wiley & Sons, Inc. J Appl Polym Sci 83: 2213–2224,
2002

Key words: polyimides; thermogravimetry; FTIR; mass spectrometry; processing
chemistry

INTRODUCTION

Currently, carbon fiber-reinforced composites of
polyimides are being used in aircraft engines and
many space applications. When these composites
are used in such applications, they must be capa-
ble of functioning at temperatures as high as 3711

and up to 427°C.2 At these high service tempera-
tures, the thermal stability and thermal oxidative
stability of the polymer matrix are of primary
concern. Any thermal decomposition or thermal
oxidative degradation could potentially affect
their high-temperature applications.

For given monomer components and end
groups, the stability of polyimides depends on the

processing chemistry involved.3,4 Thus, in addi-
tion to the composition, the monomer reactivity,
associated reaction mechanism, and reaction ki-
netics must be considered when the resulting
cured polymer structure is determined. The re-
sulting structure highly influences the stability.
For polymerization of monomeric reactants
(PMR)-15, a 316°C polyimide, studies5,6 have
shown the effects of monomer aging during stor-
age and its curing schedule. Therefore, the per-
formance of a polymer is intimately tied to the
manner in which it is formed; that is, processing–
structure–property interrelationships need to be
established for the understanding and modifica-
tion of the material properties.

Traditionally, infrared (IR) absorption spec-
troscopy, nuclear magnetic resonance spectros-
copy, reverse-phase liquid chromatography, and
gel permeation chromatography have been em-
ployed5,7 to follow the reactions of PMR-15 and
the buildup of molecular weights. Unfortunately,
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these techniques lack the ability to monitor these
reactions continuously. More recently, differen-
tial scanning calorimetry (DSC), dynamic me-
chanical analysis (DMA), and dielectric constants
have been used5,6 to follow the polyimide reac-
tions continuously. These techniques allow for the
detection of the effects of these reactions through
the heat of reaction with DSC, through rheology
with DMA, and through ion mobility with dielec-
tric constants. They are valuable in process con-
trol and useful for reproducibility checks. How-
ever, they lack the ability of positively identifying
the reaction products when they are made. Hence,
a need for the in situ monitoring of monomer
reactions and subsequent polymerizations by di-
rect reaction product identification exists.

Recently, Pan et al.8 successfully applied on-
line thermogravimetric analysis (TGA)/Fourier
transform infrared (FTIR) and TGA/mass spec-
trometry (MS) techniques to follow the various
PMR-15 reactions. Using TGA permits heating
the monomer mixture to reaction temperatures
and following the evolution of condensation gaseous
products by weight loss, whereas FTIR helps in
identifying, at the same time, what these small gas
molecules are. When large organic species are given
off, they are identified with mass spectroscopy.

In this study, the same approach was applied
to investigate the processing chemistry of high-
temperature polyimide prepregs of AFR700B,
VCAP-75, and LARCTM-RP46. The curing time
and temperature for off-gas productions were de-
termined. The sequence of the evolution of these
off-gases was then compared with that of the
PMR-15 prepreg and the literature curing chem-
istry for these high-temperature polyimides. Pro-
cessing chemistry based on this online off-gas
monitoring was proposed. On the application side,
this information would be useful for the establish-
ment of proper processing conditions for part con-
solidations. For instance, the onset of a vacuum
application to pull off evolved gases during curing
and the subsequent application of pressure to
minimize void formation in a consolidated part
are two such important processing considerations
for producing quality polymer composites.

EXPERIMENTAL

Material Selection

Three high-temperature polyimide prepregs with
glass-transition temperatures between 316 and

371°C were chosen for the processing chemistry
study: AFR700B/T650-35, VCAP-75/glass fiber,
and RP46/IM7. They were stored in a small
freezer (�12°C) before use. Small pieces of the
polyimide prepregs were cut for thermogravim-
etry (TG)/FTIR or TG/MS measurements.

Characterization Techniques

Modulated DSC (TA2920 MDSC, TA Instru-
ments, New Castle, DE) provided the DSC curve
of the three polyimide prepregs in nitrogen for the
determination of endothermic and/or exothermic
temperatures, which gave an indication of the
release of absorbed moisture or residual solvent
and the evolution of condensation reaction prod-
ucts. A thermomechanical analyzer (TMA943, TA
Instruments) was used to measure the glass-tran-
sition temperature of the postcured AFR700B/
T650-35 composite in air. TG/FTIR/MS tech-
niques were used to monitor the off-gas released
from prepreg samples during the curing process.
The details of the TG/FTIR/MS setup are given
elsewhere.8

RESULTS AND DISCUSSIONS

Short-Time Curing
of the AFR700B/T650-35 Prepreg

AFR700B,7 an addition polyimide, was made from
the following monomers: monomethyl ester of
5-norbornene-2,3-dicarboxylic acid (NE), para-
phenylenediamine (PPDA), and dimethyl ester of
4,4�-hexafluoroisopropylidene bisphthalic acid
(HFDE) with methanol as a solvent. Reinforced
with the 3K intermediate-modulus carbon fiber
T650-35, the AFR700B/T650-35 prepreg was pro-
duced.

To explore the temperature ranges for off-gas
evolution, we carried out a curing run of this
AFR700B prepreg in TGA by heating it to 400°C
at 10°C/min in nitrogen. The TGA weight-loss
curves exhibited two major weight-loss peaks at
115 and 149°C with corresponding weight losses
at 1.55 and 4.28%, as shown in Figure 1. In addi-
tion, a shoulder on a derivative thermogravimetry
(DTG) curve appeared at about 250°C, and another
minor DTG peak occurred around 340–350°C.

The FTIR temperature profile for the curing of
the AFR700B/T650-35 prepreg to 400°C at 10°C/
min in N2 showed peak rates of evolution of
CH3OH (1033 cm�1), H2O (3715 cm�1), and cyclo-
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pentadiene (663 cm�1) at 176, 180, and 360°C,
respectively, as seen in Figure 2. The correspond-
ing MS temperature profile showed peak release
rates of CH3OH (m/e � 31 and 15), H2O (m/e
� 18), and cyclopentadiene (m/e � 66) at 150, 155,
and 319°C, respectively, as illustrated in Figure
3. There was also a shoulder around 220–270°C
for H2O. In general, one can say that the MS data
furnished the closest real-time cure reaction mon-
itoring in comparison with FTIR data; this was
also supported by the TGA weight-loss-rate data.
The peak temperature for the AFR700B/T650-35
prepreg weight-loss rate was 149°C, in the prox-
imity of the MS peak temperatures of 150 and
155°C, strongly suggesting that the release of
CH3OH and H2O accounted for the rapid weight
loss around 149°C. Overall, these real-time
weight-loss, FTIR, and MS data indicated that
the evaporation of the surface water and residual
methanol solvent in the prepreg gave rise to a
peak weight-loss rate at 115°C. It was then fol-
lowed by the evolution of methanol and water at
150°C, the continuing loss of water from 220 to
270°C, and the formation of cyclopentadiene at
320°C. The detection of cyclopentadiene by TG/
FTIR/MS was possible because no applied pres-
sure was used, in contrast to autoclave prepreg

consolidation. When cyclopentadiene was formed
via a reverse Diels–Alder reaction,9 it was given
off and detected. As a result, it would be difficult
to verify the existence of a reverse Diels–Alder
reaction during prepreg autoclaving even if these
TG/FTIR and/or TG/MS techniques were accessi-
ble.

The TG/FTIR/MS data obtained can also be
used to determine the onset temperature for the
release of vapors and gases from a TGA curing
run. These onset temperatures, of course, de-
pended on the detection threshold of the charac-
teristic absorption bands. By and large, both
methanol and water were given off at about 75–
80°C, whereas the formation of cyclopentadiene
started at about 245°C and ended at 355°C ac-
cording to the MS data. FTIR indicated the end-
ing of methanol evolution at approximately
270°C. For reasons unknown, it was difficult to
ascertain the termination of water release from
both FTIR and MS data.

A curing run of the AFR700B/T650-35 prepreg
was also made with DSC from ambient tempera-
ture to 400°C at 10°C/min in nitrogen to deter-
mine if additional information could be obtained.
The thermogram (Fig. 4) exhibited a minor endo-
therm at 100°C, a major higher temperature en-

Figure 1 TGA profile of AFR700B/T650-35 heated to 400°C in nitrogen at 10°C/min.
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Figure 2 FTIR profile of AFR700B/T650-35 heated to 400°C in nitrogen at 10°C/min.

Figure 3 MS profile of AFR700B/T650-35 heated to 400°C in nitrogen at 10°C/min.
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dotherm at 142°C, and a broad exotherm from
165 to 325°C. The first endotherm appeared to be
related to the evaporation of surface water. The
second, large endotherm might have come from
the combined effect of methanol evaporation (en-
dothermic) and amic acid reaction (exothermic).
The net result was endothermic because of the
presence of a large amount of methanol solvent in
the prepreg. For this reason, the heat of formation
for the amic acid reaction could not be deter-
mined. Moreover, these DSC peak temperatures
were fairly close to the TGA weight-loss-rate peak
temperatures of 115 and 148°C, lending partial
support to the origin of these weight losses. Fol-
lowing the second, large endotherm, a broad exo-
therm starting at 165°C and extending to 325°C
was noted. The heat given off by imidization and
subsequent crosslinking might be responsible for
this broad exotherm. Its temperature range was
certainly broad enough to cover those for both
imidization and crosslinking.

The curing rate affected the peak release tem-
peratures of methanol and water mainly because
of thermal lag. As a result, the 3°C/min heating
rate resulted in lower water- and methanol-re-
leasing peak temperatures. The FTIR profile

showed their occurrence at 128 and 130°C, re-
spectively. Similarly, the MS profile gave rise to a
methanol evolution peak temperature of 125°C
and a peak temperature for cyclopentadiene for-
mation at 314°C. Therefore, the prepreg heating
rate exerted a dominating effect on the rate of gas
evolution, which needed to be recognized. Al-
though a single TGA 10°C/min ramp rate was
generally used for expediency and determination
of the curing temperature range, a slow heating
rate comparable to commercial practice or, better
yet, a real cure schedule may be required to ex-
amine the actual curing chemistry involved.

In summary, the overall TG/FTIR/MS results
indicated the following curing chemistry paths for
the AFR700/T650-35 prepreg at a 3°C/min heat-
ing rate: (1) the elimination of methanol through
amic acid prepolymer formation at about 125°C;
(2) the release of water from imidization at ap-
proximately 220°C; and (3) the thermal crosslink-
ing of polyimide at 314°C via a reverse Diels–
Alder9 reaction in which cyclopentadiene was
formed, resulting in its detection in the absence of
applied pressure in a thermogravimetric ana-
lyzer.

Figure 4 DSC curve of AFR700B/T650-35 heated to 400°C in nitrogen at 10°C/min.
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Curing of the AFR700B/T650-35 Prepreg with an
Autoclave Schedule

The AFR700B/T650-35 prepreg was cured in a
thermogravimetric analyzer with the General
Electric Aircraft Engines autoclave cure schedule.
Because of equipment limitations, no application
of vacuum and consolidation pressure was made.
Thus, only the prepreg curing heat history was
simulated. Furthermore, the slow cooling cycle
during autoclave curing and its subsequent post-
curing were eliminated in the interest of saving
instrumentation use time. The absence of off-gas
products during the cooling cycle and postcure
period was assumed. Hence, the use of TG/FTIR
and/or TG/MS would not yield additional informa-
tion anyway. The actual cure schedule can be
obtained elsewhere.10

Figures 5 and 6 show the corresponding TGA
weight loss and MS profile for this 10-h plus cur-
ing run. TGA weight-loss data indicated a total
weight loss of 9.66% at the end of the cure sched-
ule. However, most of this weight loss took place
in the first heating step from room temperature to
221°C at 8.14%. Little weight change occurred
during 3 h at 221°C. Then, the second heating

stage from 221 to 372°C brought about another
0.77% weight loss. Thus, most off-gases should
appear between room temperature and 221°C,
with a small amount released between 221 and
372°C. Moreover, regardless of the TGA heating
rate, the total prepreg weight loss was about the
same. At 10°C/min to 400°C, the total weight loss
was about 9.0%, whereas heating at 3°C/min pro-
duced a total weight loss of 11.0% when 400°C
was reached. Because these total weight-loss val-
ues were fairly close to the 9.7% weight loss from
the long-time cure, it might be surmised that
most of the off-gases had been released. This
small difference in total weight loss might have
come from the initially absorbed moisture and
residual solvent present in the various prepreg
samples used.

FTIR data showed the release of water and
methanol peaked at 115°C shortly after curing
started. This 115°C peak temperature lies within
the 105–117°C peak temperature range for the
TGA weight-loss rate, thereby suggesting water
and methanol as the major off-gases from prepreg
curing. Their releases tapered off when the
prepreg reached 221°C. Therefore, for prepreg au-

Figure 5 TGA profile of AFR700B/T650-35 based on the General Electric Aircraft
Engines autoclave cure schedule.
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toclaving, the application of vacuum should be
extended to 221°C to minimize bubble or void
formation. A much smaller FTIR peak occurred
for both water and methanol at 283°C. In addi-
tion, the loss of cyclopentadiene produced an
FTIR peak at 286°C. All these events took place in
the second heating stage from 221 to 372°C at
5.9°C/min. Two observations can be made: (1) the
releases of methanol and water was not complete
even after 3 h at 221°C and (2) the presence of
cyclopentadiene confirmed the crosslinking of
AFR700B via a reverse Diels–Alder reaction.9

Very little additional weight loss occurred after
the second heating step, suggesting that the cur-
ing reactions and crosslinking were almost com-
plete. To retain the cyclopentadiene formed in the
prepreg for crosslinking, the application of pres-
sure for part consolidation should be made after
221°C. The use of 221°C to time both the vacuum
cutoff and application of consolidation pressure is,
in fact, practiced by the industry for AFR700B
prepreg autoclaving.

The MS profile showed results similar to those
of the FTIR profile. The MS peak intensity tem-
peratures differed slightly from the FTIR peak
temperatures. If the formation9 of amic acid pre-

polymer (resulting in the release of methanol),
followed by imidization (producing water), was
complete by 221°C, the presence of a second set of
methanol and water peaks in FTIR and MS at
higher temperatures would be surprising. If these
reactions were not complete, higher reaction tem-
peratures (260–290°C) might be required to in-
crease the polyimide mobility to advance the re-
actions further. If so, one would wish to know
whether additional reactions could be advanced
at even higher temperatures close to the top post-
cure temperature of 399°C. To test this hypothe-
sis, we made a longer and higher temperature
cure of the AFR700B/T650-35 prepreg with TGA/
FTIR/MS by adding onto the aforementioned
General Electric cure schedule a third heating
step, also at 5.9°C/min, to 427°C. No additional
methanol or water was detected, suggesting that
either the amic acid prepolymer formation and
imidization reaction had been completed below
427°C or an additional reaction sequence not in-
volving off-gas productions was still taking place.

The close proximity of the FTIR and MS peak
temperatures for methanol and water rendered
the determination of this AFR700B prepreg cur-
ing reaction sequence somewhat difficult. They

Figure 6 MS profile of AFR700B/T650-35 based on the General Electric Aircraft
Engines autoclave cure schedule.
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were seen in the 98–115°C range, below 221°C,
and also between 262 and 283°C, above 221°C.
Thus, it became less certain, at least on the basis
of the evolved-gas study, if the amic acid prepoly-
mer reaction with the elimination of methanol,
followed by imidization with the loss of water and
crosslinking by a reverse Diels–Alder reaction or
a Michael addition reaction, was the preferred
curing mechanism. It appeared that amide ester
formation with the loss of water, followed by imi-
dization with the loss of methanol, could fit the
FTIR/MS as well. The latter would produce a
prepolymer with a larger molecular weight (the
molecular weight was 776 for the amide ester
prepolymer and 748 for the amic acid prepolymer)
and, therefore, a higher viscosity for the subse-
quent imidization reaction to overcome. To re-
solve this uncertainty concerning the curing reac-
tion sequence, independent investigative meth-
ods such as NMR7 (hopefully in real time) and
isothermal gas chromatography/MS might be re-
quired.

The TG/FTIR/MS data from the long-time cure
schedule were compared with data obtained at 3
and 10°C/min. Even though the various curing
reaction steps, that is, amic acid prepolymer for-
mation (or amide ester formation) followed by

imidization and crosslinking, were identified,
their peak temperatures were different, depend-
ing on the heating rate and, therefore, the rate of
cure. The larger the heating rates were, the
greater the peak reaction temperatures were. For
instance, FTIR showed the initial release of meth-
anol and water to be at 115°C for the long-time
cure, 128–130°C for the 3°C/min heating rate,
and 176–180°C for the 10°C/min heating rate.
Therefore, the use of test results obtained at large
curing rates to draw conclusions should be made
with caution.

Short-Time Curing of the LARC RP46/IM7 Prepreg

The curing of the RP46/IM7 prepreg in nitrogen
was examined with TGA/FTIR and TGA/MS from
room temperature to 400°C at 10°/min. The mono-
mer reactants for RP46 were NE, 3,4�-oxydiani-
line, and dimethyl ester of 3,3,4,4�-benzophenone-
tetracarboxylic acid. The prepreg was produced
with the reinforcement of IM7, an intermediate-
modulus carbon fiber.

The TGA weight-loss data exhibited a major
weight-loss-rate peak at 138°C, a weak shoulder
at 230°C, and a minor peak at 338°C, as seen in
Figure 7. Again, the total weight loss at 400°C

Figure 7 TGA profile of RP46/IM7 heated to 400°C in nitrogen at 10°C/min.
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was about 9.1%, similar to that seen in the
AFR700B/T650-35 prepreg. It seemed to indicate
that as long as the monomer functional groups
remained the same, they would undergo similar
reaction sequences, thereby giving off the same
off-gas products. A DSC run was made under
experimental conditions identical to those of the
TGA run. The DSC curve’s main features were an
endothermic peak at 138°C, a broad exotherm
between 165 and 325°C, and an exotherm at
342°C. The endothermic peak temperature was,
in fact, identical to the first weight-loss-rate peak
temperature of 138°C, strongly suggesting the re-
lease of water and methanol vapors. The exo-
therm at 342°C corresponded to the TGA peak
temperature at 338°C.

The FTIR profiles for the RP46/IM7 prepreg
showed a peak temperature of 162°C for both
methanol and water release. The peak tempera-
ture for cyclopentadiene formation occurred at
356°C. With the application of the 25°C thermal
lag due to the FTIR gas cell residence time and
signal averaging, these two peak temperatures
became 137 (162 � 25) and 331°C (354 � 25), very
close to the TGA weight-loss-rate peaks at 138
and 338°C, respectively. Thus, the evolution of

methanol and water was responsible for the first
TGA weight-loss-rate peak and the DSC endo-
therm, whereas cyclopentadiene formation was
accountable for the last TGA weight-loss-rate
peak and DSC exotherm. The corresponding MS
profiles (Fig. 8) exhibited a peak at 140°C for
methanol according to the m/e � 15 intensity
data. The intensity for water at m/e � 18 was very
broad, so it was difficult to determine its peak
temperature. The peak temperature for cyclopen-
tadiene at m/e � 66 was 342°C, not too far from
the thermal lag corrected FTIR peak temperature
of 331°C.

On the basis of the TG/FTIR/MS and DSC in-
formation, for RP46/IM7 prepreg curing, the over-
all analysis seemed to suggest the following: (1)
the release of methanol and water between 100
and 280°C with a peak at 138–140°C for both,
indicating the loss of absorbed moisture and re-
sidual methanol as well as that from the forma-
tion of imidized prepolymer, and (2) the formation
of cyclopentadiene between 200 and 400°C with a
peak within 310–350°C. Thus, the prepolymer-
ization and thermal crosslinking reaction se-
quence proposed by the National Aeronautics and
Space Administration (NASA) LARC group11 was

Figure 8 MS profile of RP46/IM7 heated to 400°C in nitrogen at 10°C/min.
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confirmed by this real-time evolved-gas analysis.
They essentially followed the curing reaction
paths of the AFR700B/T650-35 prepreg. However,
this evolved-gas analysis was not capable of prob-
ing the endo–exo isomerism reaction because no
off-gases were generated and given off.

Short-Time Curing of the VCAP-75/Glass Fiber
Prepreg

Even though it is a hexafluoro polyimide like
AFR700B, VCAP-75 (Fig. 9) has a different set of
end groups. It was formulated in methanol with
(n � 1) mol of HFDE, n mol of PPDA, and 2 mol of
para-aminostyrene (PAS), where n � 14.
VCAP-75 was capped with a vinyl group at both
ends. Because of this end capping, its crosslinking
did not involve the reverse Diels–Alder reaction.
Hence, no cyclopentadiene was detected.

A short-time curing run of the VCAP-75/glass
fiber prepreg was made with TGA at 10°C/min
from room temperature to 400°C in nitrogen. The
TGA weight-loss rate (Fig. 10) exhibited a peak at
149°C, almost identical to that for AFR700B/
T650-35. There was a distinct shoulder between
180 and 225°C. At about 300°C, there was an-
other minor shoulder. The first peak at 149°C was
probably related to the evolution of methanol and
water. The large shoulder was believed to be due
to the release of water. At the end of the curing
run, this prepreg lost a total of 10.3% of its

weight, fairly close to the losses for AFR700B/
T650-35 (9.0%) and RP46/IM7 (9.0%).

The DSC curve of the VCAP-75/glass fiber (Fig.
11) had as its major features a large endotherm
with a peak temperature of 142°C and a tailing
shoulder extending to about 240°C. This DSC
curve resembled the weight-loss-rate curve well.
Furthermore, their first peak temperatures (142
vs 149°C) were fairly close to each other. The
tailing shoulders also extended out to similar end-
ing temperatures (240 vs 225°C). The evaporation
of methanol and water was the main source of its
large endotherm. Because of the large amount of
water produced (n � 14 for the repeating back-
bone structure) from the condensation reaction,
the large heat of evaporation would overtake its
heat of reaction, thereby resulting in the tailing
shoulder of the endotherm. As a result, no exo-
therm could be observed in the DSC curve.

The FTIR profile of the VCAP-75/glass fiber
prepreg displayed a 171°C peak temperature for
methanol as well as water. With the 25°C thermal
lag inherent in the collection of FTIR data at
10°C/min taken into account, the real peak tem-
perature for these two off-gases was 146°C (171
� 25), which was not too different from the 149°C
peak temperature for its weight-loss rate. Hence,
the evolution of both methanol and water defi-
nitely made up the major portion of this weight-
loss-rate peak. Again, the identical peak temper-
ature of 146°C for both methanol and water made

Figure 9 Schematic structure of VCAP-75.

2222 XIE ET AL.



Figure 10 TGA profile of VCAP-75 heated to 400°C in nitrogen at 10°C/min.

Figure 11 DSC curve of VCAP-75 heated to 400°C in nitrogen at 10°C/min.
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the assignment of the imidization prepolymer re-
action sequence difficult. They could fit either an
amic acid formation/imidization reaction path or
an amide ester formation/imidization curing se-
quence. The FTIR profile for water covered a tem-
perature range of 110 and 240°C with a nominal
peak temperature of 171°C. Between 200 and
240°C, its water absorption intensity appeared to
have leveled out slightly, resulting in a minor
shoulder. This shoulder might have derived from
the imidization reaction releasing condensation
water in the process. No cyclopentadiene with m/e
� 66, 65, … was detected by MS, which was
consistent with its end-capping chemistry.

CONCLUSIONS

Overall, the in situ monitoring of the major curing
reactions involved in a high-temperature polyim-
ide with TG/FTIR and TG/MS was successfully
demonstrated, although both techniques might
involve some thermal lag, depending on the TGA
heating rate. In essence, the thermal curing of the
polyimides studied proceeded in the following
fashion: (1) the elimination of methanol from
amic acid prepolymer formation, (2) the release of
water from subsequent imidization, and (3) ther-
mal crosslinking.

These polyimide curing reaction steps are in
agreement with the literature. However, the
FTIR/MS data obtained could also accommodate
an alternative, that the elimination of water from
amide ester formation was followed by the release
of methanol from subsequent imidization. When
an NE end-capping monomer was used, cyclopen-
tadiene was detected, thereby confirming the con-
tention that the final crosslinking proceeded
through a reverse Diels–Alder reaction.
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