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Abstract: The first induced circular dichroism (ICD) analyses of diazirine@cyclodextrin inclusion complexes
are reported. The stoichiometries and association constants of the guest@host compleresrjtand
y-cyclodextrin were determined. In addition, with thecyclodextrin complex, UV-vis spectroscopy of water

ethanol solutions showed remarkable fine structure, probably indicating that the diazirine experiempedaa
microenvironment. These analytical methods provide details about the architecture and nature of these

supramolecular carbene precursors.

In recent years, the chemistry of reactive species entrappedmotion-restrictive, three-dimensional cyclodextrin inclusion

within host molecules has become the object of much researchcomplexes.

This may give insight into how cyclodextrins

activityl One strategy makes use of the unique ability of the modify the reactivities of carbenes generated in the supramo-
cyclodextrins to modify the physical and chemical properties lecular state. The exact stoichiometry and association constants

of guest molecules by molecular encapsulation.
succeeded in preparing molecular noncovalent -hgsest

inclusion complexes of various diazirines with cyclodexttins
and zeoliteg3 Diazirined are increasingly popular precursors
for the generation of carbenesThe cylodextrin hosts have been

We have for the formation of the inclusion complexes is of rudimentary

concern. A number of spectroscopic methods have been applied
for the measurement of association constants of complexes with
cyclodextrin as host moleculég. The chromophore of an
achiral guest may exhibit an induced circular dichroism (ICD)

used to modify intramolecular reactions of the entrapped in the chiral environment of a cyclodextrin. The ICD has been

carbenes in order to manipulate product formafiorhe

used to determine association constants in gehteaid for

reaction products obtained after photolysis of these supramo-cyclodextrins in particulal? even though the effects in the latter
lecular complexes in the solid state differed considerably, in case are often very weak!! Until now, to our knowledge, an
some cases, from the results obtained when only physical ICD of diazirines has never been observed, or used for the

mixtures of diazirines and host molecules were éd.
It is of particular interest to obtain more detailed information
about the microenvironment of the diazirine within different
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determination of association constants.

Because the solubility of the guest and also that of the
complexes in water is generally poor, a solvent system with
better solubility for all components had to be used in order to
collect data for a wider range of different concentrations of the
components. This is necessary for a reliable determination of
association constants. A mixture of waterethanol (30% v/v)
was chosen as the system most suited for the formation of the
complexes between azi-adamantane (spiro[adamantake-2,3
diazirine]) (1)22°*2anda-, 8-, andy-cyclodextrin ¢-, 7-, 8-Cy),
respectively. For each of the three complexes, an ICD spectrum
with a distinct fine structure could be observed in the absorption
region of the diazirine chromophore (36800 nm) which
increased in intensity with increasing concentration of the
components. While the sign of the ICD Cotton effect 1@-
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Figure 1. Induced circular dichroism (ICD) of azi-adamantatgkly
complex formation witho-cyclodextrin 6-Cy) in water with 30% v/v
ethanol at 293 K. The observed concentration dependentevés
utilized to elucidate the types of complexes formed and to determine
the corresponding association constants. The spectrum fof @&€5-

Cy) (—-—) was extrapolated.
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Figure 2. Circular dichroism ofi@(7-Cy) and 1@(8-Cy) (extrapo-
lated) in water with 30% v/v ethanol.
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(7-Cy) is positive, it is negative and very weak fb@ (8-Cy).

The data obtained for the hesjuest complexes af- and8-Cy,
respectively, could easily be analyzed by a Scatchard3dtmt

a 1:1 stoichiometry (Figure 3a,b). Thus, the association constant
Ki could be determined to be 6150 Mand 2740 M1,
respectively (see Table 1), even though the dichroic effects,
especially in the8-Cy case, were quite small. During the
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Figure 3. Scatchard plots (b v wherev = Ae/Ae., and b= v/[Cy])
for the complex formation of with (a) 7-Cy, (b) 8-Cy, and (c)6-Cy
in water with 30% v/v ethanol.

formation of the complex ol with 6-Cy, a very strong ICD
spectrum (vide infra) with a negative sign of the Cotton effect
was observed. Also, in this cagée| increased, without any
change of fine structure, if the concentration of cyclodextrin
increased. Though this suggests that only one species with a
nonzero ICD was involved (see Figure 1), a Scatchard plot
produced a nonlinear (convex) graph (Figure 3c). This usually
signifies cooperative binding of at least two ligadé@isThus,

the simplest model to fit the data is, at first, the formation of a
1:1 complex with essentially zero ICD within the absorption
range of the diazirine chromophore. Thereafter, a 2:1-host
guest complex is formed, giving rise to the ICD observed (see
Figure 1). The best fit was obtained usind<a= 900 M1

and aK, = 340 M1 (see Table 1 and Experimental Section).
According to NMR measurements, a 2:1 hegtiest complex
has also been suggested for 1-bromoadamantanesatyl
Association constants, however, were not determined.

In the case ofl@(7-Cy), the ethanol content in the solvent
mixture was varied, so that an extrapolation for the association
constant in pure water could be accomplished (see Table 1).
The value of 43000 M! for K, is at the higher end of the
range usually found for-Cy complexes$. Comparison of the
association constants of the three cyclodextrins Withnder
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Table 1. Association Constants for the Formation of Complexeg wfith Cyclodextrins in WaterEthanol Mixtures at 293 K Determined
by the ICD Spectra Observed at Different Concentrations of Components

% viv correlation factor no. of Ae,, (ca. 380 nm)

components EtOH XEtOH Ky (M1 Kz (M™h for Scatchard plot points (M~tcm™)
1+ 6-Cy 30 0.115 908 34 8 —0.732
1+ 7-Cy 30 0.115 615G 300 —0.990 9 +0.057
1+ 8-Cy 30 0.115 274G 200 —0.998 4 —0.011
1+ 7-Cy 20 0.071 1500@: 1000 —0.999 4 +0.050
1+ 7-Cy 15 0.052 37006t 2000 —0.999 4 +0.053
1+ 7-Cy 10 0.033 40006t 3000 —0.992 5 +0.051
1+ 7-Cy 0 0 43000

aFor the confidence interval see Figure?®xtrapolated value using the association constants for the four different-vedbemol mixtures,
which display a sigmoidal dependence fragpy; confidence interval 4000650000 M2,

similar conditions clearly reveals thatis accommodated best ~ 2°°7 (a)
by the cavity of7-Cy.

The fine structures of the ICD (Figure 2) and YVis spectra
(Figure 4b) of the diazirine chromophore for the complexes of
1 with 7- and8-Cy are similar to that of the UM vis spectra of
1 in ethanol (Figure 4b) and dioxane (not shown). This is in
accord with a widely accepted belief that the polarity of @he
cavity is similar to solvents such as ethanol and dioXare.
contrast with1@(7-Cy) and1@(8-Cy), the spectra for the 2:1 ¢
complex of6-Cy and1 are distinctly different. Here, the UV =
vis (Figure 4a) and also the ICD (Figure 1) spectrum display a “
detailed fine structur& a phenomenon which is normally 100
observed for diazirines only in hydrocarbon solveRtsThere-
fore, the guest must really be situated in the hydrophobic hollow
formed by two host molecules. There, the diazirine chromo-
phore experiences a very apolar microenvironment, even in 50+
aqueous solution! Moreover, there seems to be no interaction
of the lone pairs of the diazirine nitrogen atoms with the hydroxy
groups of the cyclodextrin. Furthermore, on the basis of the
Kirkwood—Tinoco theory of polarization developed for cyclo- 0 o o o 5 o 2o
dextrins, Harata's rulé predicts the following: A guest chromo- A o
phore residing inside the cavity will produce a negative Cotton
effect (—ICD), if the transition dipole moment of the guest 250+ b
chromophore is aligned perpendicular to the axis of @ye (b)
cavity. For the n — z* transition of 1, this is in agreement
with our experimental results which imply the proposed struc-
tures forl@2(6-Cy) (four arrangements possible, see Scheme 200+
1). Atthis point, however, no decision can be made as to which
of the four structures represents the isolated inclusion complex.

The above findings also parallel the solubilities of the
complexes. 1@2(6-Cy) is quite a bit more soluble in water . 1507
than7-and8-Cy. For dimethyl sulfoxide (DMSO) the opposite
holds true. Thus, iIL@2(6-Cy) the main part of hydrophobic
1 should be buried in the tw@-Cy pockets. On the other hand,
the solubility of 6-Cy itself in water is much greater than that
of 7-Cy and, therefore, also this effect may contribute to the
solubilities observed for the complexes.

Although the CD induced by cyclodextrins is usually quite
small1%1! the intensity of 1@2(6-Cy) is surprisingly large,
falling within the range for optically active diaziriné%. This
is a further indication that the diazirine moiety must experience
strong interactions with the chiral skeleton of thglucose enti- 0 e
ties of one6-Cy moleculel” By contrast, the extremely weak 300 320 340 360 380 400 420
ICD found for 1@(8-Cy) can be interpreted in terms of an in- A om

creased mobility ol within the considerably larg&-Cy cavity. Figure 4. (a) Electronic absorption spectrum (JVis) of azi-adaman-
tane () in cyclohexane-<) in comparison with the spectrum d@2(6-

(14) The maxima in the fine structure of the YVis spectrum match Cy) (--) in water with 30% v/v ethanol. (b) Electronic absorption
per(flesc)tl{ ;Ngh tqosﬁ E?_f the ICC::E Spf;gi“% gz;’r‘(g)m()u'dt eerﬁ. da spectra (UV-vis) of azi-adamantanel) in ethanol ), of 1@(7-Cy)

a) Harata, KBioorg. Chem , 255. arata, K.; Uedaira, ) s ; g

H. Bull. Chem. Soc. me975 48, 375. (300)’ 1/@(8 I?y) (| ), and of freel( ), the last three in water with

(16) Shustov, G. V.; Varlamov, S. V.; Rauk, A.; Kostyanovsky, R. G. % vlv ethanol.
J. Am. Chem. S0d.99Q 112, 3403. . . .

(17) This could cause a distortion of the diazirine moiety itself. Under  ON @ preparative scale, good yields (ca. 75%) of the respective
these circumstances an agreement with Harata’s rule would be coincidental.inclusion complexes could be isolated from the watethanol

200

/M Tem’

100+
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Table 2. Experimental Data of the Variable Concentration ICD
Measurements for the Association bfwith 6-, 7-, and8-Cy at

Ava Ky o ) 293 K in WaterEthanol Mixtures
. LN R components % viv EtOH co (mM)2 R2 Ae

N 1+6-Cy 30 1.00 12.00 —0.553

o bees) 1000 1000 0552

. Cy Sl d 1.00 7.00 —0.448

0.70 6.75 —0.364

0.35 6.75 —0.215

0.30 4.00 -0.101

0.14 6.75 —0.086

= Nz=N 0.20 2.00 -—0.018

1+ 7-Cy 30 1.00 4.00 +0.057

1.60 2.25 +0.052

0.70 2.86 +0.051

0.50 2.80 +0.046

0.50 2.00 +0.048

e ey 020 250 +0.039

for 7-Cy and 8-Cy 0.10 2.00 +0.028

0.04 250 +0.020

0.06 1.33 +0.016
1+ 8-Cy 30 1.00 4.00 —0.0099
0.80 3.00 —0.0089
0.40 2.00 —0.0067
0.28 1.43  —0.0047

proposed arrangement for 1+ 7'Cy 20 1.00 4.00 +0.050

1.00 1.17  +0.043

0.20 1.17 +0.032

 ommplon, 5 obeerved. 0.04 117 +0.017
for 6-Cy 1+ 7-Cy 15 0.50 4.00 +0.0519
0.333 3.00 +0.0505
(30%) solvent system. All complexes have been characterized g'égz %'88 iggg?g
by mp, elemental analysis, FAB-M314 NMR, and UV-vis 1+ 7-Cy 10 0.35 4.29 +0.0496
spectra. Dissolution of the complexes to record the NMR and 0.30 2,22 +0.0487
UV spectra leads, of course, at least partially, to dissociation. 0.15 222 +0.0449
Nevertheless, these methods allow the stoichiometry of the solid 0.050 2.22 +0.0395
0.040 1.50 +0.0300

complexes to be determined.

In conclusion, using the ICD and UWis techniques outlined
above, it was not only possible to determine the stoichiometry
and association constants for the hegtiest inclusion com-

a Abbreviations as defined in Scheme 2.

and was 90% (8% kD, 2% cannot be accounted for), 87% (9%CH
4% cannot be accounted for), and 91.5% (7¥OH1.5% cannot be

plexes of1 with all three cyclodextrins but also to gain some  accounted for), respectively. The water used throughout this study was
insight into the microenvironment of the diazirine moiety. In purified by a Milli-Q water system (Millipore). Ethanol, for the

solution, this part of the diazirine ih@(7-Cy) and 1@(8-Cy) preparation of complexes, was spectroscopic grade (see above).
seems either to be exposed to the solvent to some extent or is Measurement of the ICD and Determination of Association

placed in vicinity of the hydroxy groups of the glucose entities.

In contrast.1 experiences an apolar surroundindl@2(6-Cy)

in solution. These findings disagree with the widely held b&lief

of a dioxane or ethanol-like polarity of tli&y cavity. In1@2(6-

Cy) the diazirine function interacts strongly with the chiral

environment of a secor®+Cy, which leads to a very large ICD.
The results are in accord with expectations obtained from

molecular modeling studies, indicating tHabnly poorly fits

into the cavity of one6-Cy molecule!® Therefore, the azi

moiety can be entrapped by a secdh@y (see Scheme 1).

Experimental Section

UV —vis and CD spectra were recorded with a Perkin-Elmer Lambda
7 spectrometer and a CD6 circular dichrograph (I.S.A. Jobin-Yvon),
respectively, in thermostated (2D 1 °C) quartz cuvettes (210 cm
path length). Spectroscopic grade ethanol, cyclohexane, and dioxan
were purchased from Merck (Uvasol)H NMR spectra were obtained
with a Bruker Avance DRX 250 (250 MHz) instrument at 300 K. FAB

mass spectra were measured with a Finnigan MAT 900 spectrometer

(Cs 35 keV, glycerol).

1 was synthesized according to the literatéiesd recrystallized from
ethanol. The cyclodextring{Cy, 7-Cy, and8-Cy) were used without
further purification. The purity was determined by elemental analysis

(18) Bobek, M.; Buchkremer, R.; Kupfer, R.; Rosenberg, M. G.; Brinker,
U. H. Unpublished results.

Constants. For the measurement of concentration-dependent ICD
spectra, stock solutions of in ethanol and of the appropriate
cyclodextrin in water (subsequently filtered) were mixed. Ethanol was
added to give the desired ethanol content. Then the flask was filled
up with water to give the final volume. The concentrationd céinged
from 0.04 to 2 mM. The respective cyclodextrins were always used
in excess [fronR (equivs)= 1.1 toR= 12] (Table 2). The preparation

of solutions was done in dim light, and the solutions were measured
immediately. The spectra obtained did not change within 1 h, if the
solutions were kept in the dark. Only in the case of the most
concentrated solutions did a faint precipitate (opaque solution) form
after some time. Spectra were run in the accumulative modd @2
scans). It was checked, however, that no change in spectra occurred
during this time. Therefore, the radiation absorbed during each-scan
from 300 to 420 nris too weak to initiate appreciable photochemical
decomposition of the diazirine. UWis spectra were always run

éoarallel to the CD spectra. Th&e values at a chosen wavelength

(usually of the most bathochromic progression band at ca. 380

nm) were then used for Scatchard plot analysésin the case of
complex formation betweeh and6-Cy or 8-Cy, full saturation could

not be reached. Th&e values for 100% complexe..) were obtained

by optimization of the fit between data and association constant(s).
The Scatchard plot for the associatioreCy with 1 gave only convex
lines, indicating that at least two association steps take place (Figure
3c). For the higher concentrations 6fCy, a linear Scatchard plot
could be obtained (assuming a 1:1 complex) giviig= 380 M. In
these cases, in equilibrium only® (6-Cy) and1@2(6-Cy) are present
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Figure 5. Agreement of the experimental data obtained for the proportidt@#(6-Cy) (v2°*?) with the values calculated for different pairs of
Ki/K, (M~Y). Deviations are expressed in termsoof Z(1v,2° — vfacd2 which reaches a minimum for the best fit € omin) (See Experimental
Section and Scheme 2). In the inset the p&if#<; lying within a reasonable confidence level @fi/o = 0.7 are displayed.

Scheme 2. Equilibria for the Formation of the 1:1 and 2:1
Complexes Observed f@-Cy with 1. Equations for
Calculation of the Proportions df@(6-Cy) and 1@2(6-Cy)
for Selected Pairs dk; and K, and Given Values o€y and
R

6-Cy + 1 — 1@(6-Cy) K,

6-Cy + 1@(6-Cy) ——= 1@2(6-Cy) Ka
_ [e(-cy) v, = [1@2A6Cy)] o Ae
V1= o ¢ Cy Ae..

3 2
AzViT+aviT+avi+ a5 =0 Kocovi (R—vy)

ag = Ky Ky Go? = 4 Ky Gg2 1+2Ka0v,
ap=Kyco-2K; Kyco? 4Ky

a;=2RK; Ky co? = RKqco—Kjcp—1

ag=RKjcy [ . total concentration of 1

R ¢q....total concentration of 6-Cy

in substantial amounts. Thus, theobtained is a fair approximation
for K. For a determination of both equilibria, values fe(see Scheme

2) were calculated for all concentrations and chosen valuKs (500,
400, 500, ..., 3600 M) andK; (200-650 M1, within the best fitting
range in steps of 10 M) and compared with the experimental data
v,2% by the termo = Z(v,fAd — 1,292 The pairKy/K, (900/340)
produces the smallest deviation from experimental values awith—=
1.58 x 1074, corresponding to deviations of less than 4% for/&d|
values, with the exception of the smallest one (8% deviation), which
are all well within experimental errors. The three-dimensional plot of
K1, Kz, andomin/o allows for an estimate of the regions kf and K,
with the highest probability (Figure 5). Keeping in mind the experi-

mental errors, pairs dk./K; with ratiosomin/o > 0.7 are all within a
reasonable confidence level (see inset Figure 5).

Preparation of Complexes. 1@2(6-Cy).A clear solution 06-Cy
(2000 mg, 90%, 0.925 mmol) in water (25 mL) and ethanol (9 mL)
was degassed by ultrasonication for 15 min. Then it was combined
with a solution ofl (25 mg, 0.155 mmol) in ethanol (1.7 mL) under
vigorous stirring. Instantly, a precipitate formed and the mixture was
stirred for 2-5 h at room temperature in the dark and then kept for 20
h at 5°C. After centrifugation at 53C, the supernatant was discarded
and the pellet was washed once with®2mL of cold water-ethanol
(30% v/v). Centrifugation and drying at room temperature in vacuo
(0.01 Torr) fa 5 h afforded 275 mg of the complex (yield 75%, taking
into account composition and content as determined by elemental
analysis): mp= 295-303°C (dec);'H NMR*° (D;0) 6 5.02 (d,J =
3.4 Hz, 12.6 H,6-Cy), 4.05-3.7 (m, 51 H,6-Cy), 3.63 (9, = 7.0
Hz, 2 H, CHCH,0H), 3.62-3.50 (m, 25 H6-Cy), 2.45 (s br, 2 H1),
2.35-2.2 (m br, 4 H,1), 2.10-1.93 (m br, 6 H,1), 1.15 (t,J = 7.0
Hz, 3 H, (H3CH,OH), 1.01 (s br, 2 H1) ppm; UV—vis H,O—EtOH
(30%) 4 375 nm € = 102), 361 (106) (values in accord with= 8.5
x 10 M in agreement with the content obtained by elemental
analysis); MS {FAB, glycerol containing 10% watenye 2107.5 [M"

+ 1, 2%], 1945.6 [M + 1 — 162 (1), 3%)], 1065.7 [(M(6-Cy) + 1
+ 92 (glycerol), 18%], 973.6 [(M(6-Cy) + 1, 100%].

Anal. Calcd for G7.dH149\2065 [1@21(6-Cy)'C2H5OH‘HQO] (22692)

C, 46.36; H, 6.57; N, 1.23. Found: C, 44.07; H, 6.31; N, 1.19
(corresponding to a content of 96%).

1@(7-Cy). Procedure A. A clear solution of7/-Cy (461 mg, 86.6%,
0.352 mmol) in water (52 mL) and ethanol (12 mL) was degassed by
ultrasonication for 15 min. Then it was combined with a solution of

(19) The number of hydrogen atoms of {ig moieties (and of ethanol
molecules) corresponds to the true intregration values relative to one
molecule of the guest.
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1(51 mg, 0.32 mmol) in ethanol (5 mL) under vigorous stirring, forming 24 h at 5°C. Workup as described above gave 245 mg of complex
a precipitate. Afte 1 h of stirring at room temperature, the mixture  (76%, taking into account composition and content as obtained by
was kept at 5C for 20 h. Workup, as described for the preparation elemental analysis): mg 295-305°C (dec);'H NMR*® (DMSO-ds)

of 1@2(6-Cy), yielded 315 mg of complex (73%, taking into account 6 5.77-5.67 (m, 16 H,8-Cy), 4.89 (d,J = 3.5 Hz, 8 H,8-Cy), 4.49

the content as determined by elemental analysipcedure B. A (t, J=5.5Hz, 8 H,8-Cy), 3.70-3.50 (m, 32 H8-Cy), ca. 3.5 (m, 0.7
clear solution of7-Cy (461 mg, 86.6%, 0.352 mmol) in water (24 mL)  H, CH;CH,OH), 3.45-3.25 (m, 16 H,8-Cy), 2.06-1.90 (m br, 6 H,
was mixed at once with a solution @f(51 mg, 0.32 mmol) in diethyl 1), 1.85-1.74 (m br, 6 H,1), 1.07 (t,J = 7.0 Hz, 1 H, G43CH,OH),
ether (0.25 mL) under vigorous stirring and shaking. The mixture was 0.63 (s br, 2H,1) ppm; UV—vis H,O—EtOH (30%)A 376 nm ¢ =
stirred at room temperature under an argon atmosphere and protecte®3), 359 (104) (values in accord with= 2.8 x 107* M, in agreement
from light for 4 days. The pellet obtained after addition of ca. 5 mL with the content as obtained by elemental analysis); MBAB) m/e

of water and centrifugation was again suspended in 10 mL of water 1389.7 [M" + 1 — 162 (1) + 92 (glycerol), 25%], 1297.7 [M+ 1 —

and centrifuged and dried in vacuo (0.01 Torr) to yield 320 mg of the 162 (1), 100%)].

product (74%), identical with the product obtained by procedure A: Anal. Calcd for GgH10N20443 [1@(8-Cy)-0.33GHsOH-4H,0]
mp = 310-314°C (dec);*H NMR2® (DMSO-ds) 6 5.75-5.60 (m, 14 (1546.6): C, 45.58; H, 6.78; N, 1.81. Found: C, 43.79; H, 6.44; N,

H, 7-Cy), 4.84 (d,J = 3.5 Hz, 7 H,7-Cy), 4.44 (t,J = 5.5 Hz, 7 H, 1.70 (corresponding to a content of 96%).
7-Cy), 3.75-3.5 (m, 28 H,7-Cy), 3.42-3.25 (m, 14 H,7-Cy), 2.1—
1.9 (m br, 6 H,1), 1.85-1.73 (m br, 6 H,1), 0.64 (s br, 2H1) ppm; Acknowledgment. We are indebted to the Fonds zur

UV —vis H,O—EtOH (30%)4 377 nm ¢ = 97), 361 (109) (values in  Forderung der wissenschaftlichen Forschung iste®reich
accord withc = 3.9 x 104 M, in agreement with the content obtained (projects P12533-CHE, P8208, and P5767) for financial support
by elemental analysis); MSHFAB) me 1227.5 [M" + 1 — 162 (1) + and also to Cerestar USA, Inc., and Wacker Chemie, Germany,
92 (glycerol), 85%], 1135.7 [M + 1 — 162 (1), 100%]. _ for providing the cyclodextrins used in our studies. Helpful
5 5’??\']' gi'gd Loguﬁé"_"*é\'fgz%l_%aé%g]_ ﬁllzsg%l?gbrcrésp%ﬁgi’ng’to 5 discussions with Professor H. Lehner are greatly appreciated.
oA T e We thank Prof. A. Nikiforov and Mr. P. Unteregger for the

content of 96%).
1@(8-Cy). To a clear solution 08-Cy (311 mg, 91.7%, 0.22 mmol) ~ measurement of FAB mass spectra. Elemental analyses were

in water (11 mL) were added ethanol (2 mL) and subsequently a Performed by Mag. J. Theiner, InstitutrfBhysikalische Chemie
solution of1 (32 mg, 0.20 mmol) in ethanol (2 mL) under vigorous der Universita Wien.

stirring. Instantly, a precipitate formed and the mixture was stirred

for 2 h atroom temperature in the dark. Subsequently it was kept for JA982299F



