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Syntheses of Nitro-Substituted Aryl Diazirines.
Carbene Precursors for Photoaffinity Labeling

An Entry to Chromogenic

Yasumaru HATANAKA,** Makoto HasHiMOTO,? Hitoshi NAKAYAMA,® and Yuichi KANAOKA?

Research Institute for Wakan-Yaku, Toyama Medical and Pharmaceutical University,* Sugitani 2630, Toyama 93001,
Japan, Faculty of Pharmaceutical Sciences, Hokkaido University,® Sapporo 060, Japan, Facuity of Pharmaceutical
Sciences, Kumamoto University,© 5—-1 Oe-honmachi, Kumamoto 862, Japan, and Toyama Women’s College,” 444
Gankaiji, Toyama 930-01, Japan. Received October 18, 1993; accepted November 24, 1993

3-Phenyl-3-trifluoromethyl-diazirine derivatives with nitro and alkoxy substituents on their aromatic ring have
been synthesized as carbene precursors for chromogenic detection of photolabeled products. Photolysis of the diazirines
in methanol or cyclohexane gave intermolecular O-H or C-H insertion products, respectively. Spectroscopic
properties of the photoproducts are such that detection of photolabeled products may be performed in a spectral
region where the absorption due to most biological macromolecules is negligible. A carbon-14 analog of the diazirine
was also prepared for microscale detection of labeled products. These nitro-substituted aryl diazirines should be
applicable to a wide range of photoaffinity labeling studies, from tracer experiments to preparative isolation of
labeled products by HPLC with spectrophotometric detection.
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One of the principal goals of photoaffinity labeling is
the identification of the labeled region(s) within the target
receptor. A typical approach to achieve this is cleavage of
labeled proteins into small fragments followed by isolation
of the labeled peptides for sequence analysis. In the field
of photoaffinity labeling, nitrene-yielding aryl-azides are
commonly used as a photoreactive group because of their
relative ease of synthesis. However, it has been revealed
that photogenerated phenyl nitrenes usually rearrange to
form less reactive dehydroazepines.! Due to their electro-
philic nature, dehydroazepines require the presence of nu-
cleophilic groups to form a covalent bond, but often this
is not the case within the binding site of target receptor.
Further, covalent bonds photoinduced with aryl-azides are
sometimes unstable.? Indeed, during the course of our
chemical studies of ion channel structures, we obtained
better results in photolabeling with carbene-yielding
aryl-trifluoromethyl-diazirine derivatives than with aryl
azides.2/ ~®ik) Nevertheless, the limited structural vari-
ability of this useful carbene precursor hampers general
application in the field of photoaffinity labeling.® We have

reported the first example of a nitro-substituted diazirine,
[[2-nitro-4-[3-(trifluoromethyl)-3 H-diazirin-3-yl]]phe-
noxyJacetic acid (NDPA, 9a), as a chromogenic carbene
precursor for the spectrophotometric approach to
photoaffinity labeling.¥ Since the labeled molecules can
be monitored spectroscopically during high-performance
liquid chromatography (HPLC), the chromogenic prop-
erty of nitro-diazirine is potentially useful to isolate
substantial amounts of labeled peptides for sequence
analysis. Here we present full details of the synthesis of
NDPA itself, as well as another new chromogenic diazirine.
A radioactive isomer of NDPA was also prepared to detect
trace amounts of labeled molecules.

Results and Discussion

Two new 3-phenyl-3-(trifluoromethyl)-3 H-diazirines (6a,
b) were synthesized as substrates for nitration. On the
phenyl ring of diazirines, alkoxy substituents are located
at the meta or para position to the diazirine moiety to
provide a tether and also to facilitate the subsequent
nitration step. For the preparation of key intermediate
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ketones (2a,b), our method of trifluoroacetylation with
N-trifluoroacetylpiperidine® was successful. The oximes
3a,b and diaziridines 4a, b were prepared according to the
literature.>® The diaziridines were oxidized as described
previously® with fert-butyl hypochlorite to give methoxy-
methoxyphenyl diazirines. Deprotection of the methoxy-
methyl group of the diazirines 5a, b followed by alkylation
with methyl bromoacetate gave the esters 6a,b in good
yields.

Nitration of 6a,b gave the desired diazirines 7a,b in
good yields. The methyl ester of NDPA 7b was also
prepared via the phenol 8, which was obtained by nitration
concomitant with deprotection of 5b. Since the phenol was
unstable in the presence of potassium carbonate, alkylation
of 8 was performed with cesium fluoride® to give the ester
7b. Hydrolysis of the esters 7a, b yielded the phenoxyacetic
acid derivatives 9a,b, which were converted into the
N-hydroxysuccinimide esters 10a,b, respectively. These
activated esters are useful acylating agents to introduce
the chromogenic diazirines at primary amino groups of
appropriate ligand molecules. For the preparation of 7b
from 5b, the total yield was better when 6b was used as
an intermediate, though 8 has the advantage that the
alkylation can be performed near to the final step. Thus,
carbon-14 labeled NDPA 11 was prepared from 8 using
radioactive bromoacetic acid as a source of radioisotope.

Although the nitration of 6a and 6b is expected to take
place at the ortho-position to the alkoxy substituent,” the
position of nitration was confirmed as follows. The esters
7a,b were reduced with sodium hydrosulfite, followed by
intramolecular cyclization of the intermediate 13 to give
the cyclized compounds 12a,b, respectively (Chart 3).
Thus, the diazirines are proved to possess ortho-nitro-
phenoxyacetyl structure which is known as a protecting
group for an amino function.® The acyl group of this
structure can undergo “assisted cleavage” and is scissile
under mild conditions.” This suggests that the active

Chart 3

esters, 10a and 10b, are photoreactive and cleavable het-
erobifunctional crosslinking reagents potentially useful
for the analysis of protein-protein interactions.!®

Photolyses of the methyl esters 6a,b and 7a,b were
performed to examine the photoreactivities of these new
diazirines. The diazirines 6a,b have characteristic UV
absorptions around 350 nm due to the diazirine ring.3%9
This characteristic is favorable for photoaffinity labeling
since the absorption due to proteins and nucleic acids
within this region is usually negligible. The irradiation was
performed until all the diazirine was consumed, with a
100 W black light lamp, which mainly emits light in the
wavelength region of 320—400nm. In methanol, the
formal O-H insertion products (14—17) were obtained
in moderate to good yields (Chart 4 and Table I).!V
Nitro-substituted diazirines (7a,b) were found to be
photolyzed more rapidly than the unsubstituted analogs
(6a,b). On the photolysis of 7b in cyclohexane, formation
of an intermolecular adduct 18 was observed.!" The ability
of insertion into aliphatic C—-H bonds is desirable for
photolabeling reagents.

For the identification of the labeled site, HPLC can be
used to isolate particular fragments from a digested
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TaBLe 1. Photolyses of the Diazirines 6a, b and 7a, b in Methanol or
Cyclohexane

Diazirine Irradiation time (h) Product (%)
Ta 12 14 (34)
7b 4 15 (91)
H? 10 18 (35)
6a 24 16 (74)
6b 8 17 (92)

a) Photolysis was carried out in cyclohexane.
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Fig. 1. UV Spectra of the Photoproducts 14—17 in Ethanol

mixture of biological macromolecules. The absorption
spectra of the nitro-substituted photoproducts 14 and 15
are shifted to longer wavelength than those of unsub-
stituted analogs 16 and'17. These spectroscopic properties
mean that detection of nitro-labeled products may be
performed in a spectral region where most biological
macromolecules have negligible absorption (>300nm).
For example, the absorption of a 0.5 uM solution of 14 at
320 nm is estimated to be about 0.001 OD unit, which is
readily detectable by a UV detector during HPLC.

The nitrodiazirines provide a chromogenic method for
the isolation of sufficient amounts of labeled fragments to
perform sequence analysis. The radiolabeled analog 11 is
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obviously useful for tracer experiments which are pre-
requisite for the localization of the labeled region within
the receptor protein. Thus, the nitro-substituted aryl
diazirines (9—11) are expected to be multipurpose
photoaffinity labeling reagents useful for tracer experi-
ments as well as for the spectrophotometric detection of
labeled products. We have already reported the first ex-
ample of photoreactive u-conotoxin GIIIA carrying this
new diazirine (NDPA) as a photoaffinity labeling reagent
of the eel sodium channels,'? and the specific labeling of
the channel protein was demonstrated.'® Further ap-
plication of this new diazirine family for the photo-
labeling of sialyl transferases is under way.

Experimental

Melting points were determined with a Yamato MP-21 apparatus and
are uncorrected. IR spectra: Jasco IRA-1. UV spectra: Hitachi 330.
IH-NMR spectra (CDCl, as solvent and tetramethylsilane (TMS) as
standard): 100 MHz, JEOL JNM FX-100. Mass spectra: JEOL JMS-
DX303. Column chromatography; silica gel: Kieselgel 60 (Merck, No.
7734, 70—230 mesh), alumina: aluminum oxide 90 (Merck, No. 1097,
activity II—III). Reversed-phase HPLC was performed with a Waters
chromatography unit equipped with a 250 x 4.6 mm Chemcosorb Cg
column (Chemco Scientific Co., Japan; 7 um particles, 80 A pores).

1-Bromo-3-(methoxymethoxy)benzene (1a) 3-Bromophenol (69.2g,
0.4mol) was slowly added with stirring to a solution of potassium
hydroxide (85% purity; 31.7g, 0.48mol) in methanol (200 ml). After
evaporation of the solvent, benzene (200 ml) was added to the residual
oil and the mixture was evaporated in vacuo to remove moisture
azeotropically. The resulting oily syrup was then dissolved in acetonitrile
(400 ml). To this solution, chloromethyl methyl ether (38.6 g, 0.48 mol)
was added at 0°C with stirring. After the addition, the reaction mixture
was stirred at room temperature for 30 min. The solvent was removed
in vacuo and the residue was partitioned between water and ether. The
organic phase was dried over MgSO,. Evaporation of the solvent and
the subsequent distillation of the residue gave 85.2g (98%) of colorless
oil with bp 113—114°C (13 Torr). 'H-NMR 4: 3.44 (3H, s, OCHj),
5.12 (2H, s, OCH,), 6.88—7.24 (4H, m, aromatic H). MS m/z: 2.18
(M* +2), 216 (M™*). Anal. Calcd for CgHoBrO,: C, 44.27; H, 4.18; Br,
36.81. Found: C, 44.09; H, 4.17; Br, 36.87.

1-Bromo-4-(methoxymethoxy)benzene (1b) This compound was ob-
tained analogously to 1a; yield (from 50.0g of 4-bromophenol): 62.3 g
(99%), colorless oil with bp 118—119°C (13 Torr). *H-NMR 4: 3.46
(3H, s, OCH,), 5.14 (2H, s, OCH,), 6.92 and 7.38 (4H, AB-q, aromatic
H). MS mjz: 2.18 (M™* +2), 216 (M™). Anal. Caled for CgHgBrO,: C,
44.27; H, 4.18; Br, 36.81. Found: C, 44.16; H, 4.27; Br, 36.58.

2,2,2-Triﬂuoro-1-[3—(methoxymethoxy)phenyl]ethanone (2a) Mag-
nesium turnings (3.65g, 0.15 atom), 1a (32.6 g, 0.15 mol) and anhydrous
tetrahydrofuran (THF, 150 ml) were placed in a round-bottomed flask,
and the mixture was cautiously heated until a vigorous reaction took
place. The reaction was allowed to proceed until almost of the Mg
turnings had dissolved. The reaction mixture was then cooled with an
ice bath. Then, a solution of N-trifluoroacetylpiperidine (25.4 g, 0. 14 mol)
in anhydrous THF was added dropwise with stirring at 0°C. After the
addition, the mixture was hydrolyzed with saturated aqueous NH,CI
(15ml) and precipitates were removed by filtration. The filtrate was dried
over MgSO,, the solvent was evaporated off in vacuo, and the residual
oil was distilled to give 22.9 g (65%) of colorless oil with bp 106—107 °C
(13 Torr). '"H-NMR §: 3.48 (3H, s, OCH,), 5.22 (2H, s, OCH,),
7.32—7.72 (4H, m, aromatic H). MS m/z: 234 (M™). Anal. Caled for
C,oHoF;0;: C, 51.29; H, 3.87; F, 24.34. Found: C, 51.09; H, 3.93; F,
24.52.

2,2,2—Triﬂu0ro-1-[4-(methoxymeth0xy)phenyl]ethanone (2b) This
compound was prepared in the same manner as described for 2a; yield
(from 48.9g of N-trifluoroacetylpiperidine): 54.1g (86%), colorless oil
with bp 120—121°C (13 Torr). 'H-NMR 4: 3.49 GH, s, OCH,), 5.27
(2H, s, OCH,), 7.14 and 8.05 (4H, AB-q, aromatic H). MS m/z: 234
(M*). Anal. Caled for C,oHoF;05: C, 51.29; H, 3.87; F, 24.34. Found:
C, 51.14; H, 4.01; F, 24.43.

2,2,2-Trifluoro-1-[3-(methoxymethoxy)phenyl Jethanone Oxime (3a)
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A solution of 2a (23.4g, 0.1mol) and hydroxylamine hydrochloride
(6.9 g, 0.1 mol) in absolute ethanol (50 ml) and dry pyridine (100 ml) was
heated at 60 °C for 4h. After evaporation of the solvents, the residue
was partitioned between water and ether. The organic layer was washed
with I N HCl and dried over MgSO,,. After evaporation of the solvent,
the crude oxime was purified by column chromatography on silica gel
(CH,Cl,: MeOH =20: 1) to leave 24.7 g (99%) of colorless oil. IR (film):
3300cm ™! (OH). 'H-NMR §: 3.49 (3H, s, OCH,), 5.20 (2H, s, OCH,),
7.10—7.60 (4H, m, aromatic H), 9.24 and 9.49 (total 1H, each s, OH).
MS mj/z: 249 (M*). High-resolution MS m/z: Caled for C,0HoF3NO,
249.0612. Found 249.0638.
2,2,2-Trifluoro-1-[4-(methoxymethoxy)phenyl Jethanone Oxime (3b)
This compound was prepared in an analogous manner to 3a and puri-
fied by recrystallization from benzene-hexane instead of by column
chromatography; yield (from 23.4 g of 2b): 24.5 £(98%), colorless prisms,
mp 78—79°C. IR (Nujol): 3280 cm~! (OH). 'H-NMR §: 3.50 (3H, s,
OCH;), 5.23 (2H, s, OCH,), 7.13 and 7.55 (4H, AB-q, aromatic H), 8.95
(1H, brs, OH). MS m/z: 249 (M *). Anal. Calcd for C;oH,(F3NO;: C,
48.20; H, 4.05; F, 22.87; N, 5.82. Found: C, 48.21; H, 4.11; F, 22.68;
N, 5.79.
3-[3-(Methoxymethoxy)phenyl]-3-(triﬂu0r0methyl)diaziridine (4a) p-
Toluenesulfony! chloride (21.0g, 0.11 mol) was added portionwise with
stirring to a solution of the oxime 3a (24.9g, 0.1 mol), triethylamine
(25.3g, 0.25mol) and N,N-dimethylaminopyridine (611 mg, Smmol) in
CH,Cl, (200ml) at 0°C. After the addition, the reaction mixture was
stirred at room temperature for 30 min. The mixture was washed with
water and the organic phase was dried over MgSO,. After evaporation
of the solvent, the crude oxime tosylate was dissolved in dry CH,CI,
(80ml) and cooled to —78°C in a sealed tube. Liquid ammonia (16 ml)
was added and the mixture was stirred at room temperature for 12h.
The excess ammonia was allowed to evaporate at room temperature. The
residue was partitioned between water and CH,Cl,, and the organic
layer was dried over MgSO,. After evaporation of the solvent, the residual
oil was purified by column chromatography on silica gel (ether) to give
19.4 g (78%) of colorless oil. IR (film): 3240 cm~* (NH). 'H-NMR 4:
2.48 (1H, d, J=8Hz, NH), 2.94 (1H, d, J=8Hz, NH), 3.41 (3H, s,
OCH,;), 5.12 (2H, s, OCH,), 7.02—7.30 (4H, m, aromatic H). MS m/z:
248 (M ™). High-resolution MS m/z: Calcd for C,oH;,F3;N,0, 248.0773.
Found 248.0760.
3-[4-(Methoxymethoxy)phenyl]-3-(triﬂuoromethyl)diaziridine (4b)
This compound was prepared analogously to 4a and purified by column
chromatography on alumina (CH,CL,); yield (from 24.9 g of 3b): 21.0g
(85%), colorless needles, mp 75--76°C (ether-hexane). IR (Nujol):
3190cm™! (NH). '"H-NMR §: 2.15 (1H, d, J=8 Hz, NH), 2.78 (1H, d,
J=8Hz, NH), 3.49 (3H, s, OCH,), 5.19 (2H, s, OCH,), 7.14 and 7.52
(4H, AB-q, aromatic H). MS m/z: 248 (M*). High-resolution MS m/z:
Caled for C,H,,F;N,0, 248.0773. Found 248.0751.
3-[3-(Methoxymethoxy)phenyl]-3-(triﬂuoromethyl)-3H—diazirine (5a)
A solution of tert-butyl hypochlorite (15.2g, 0.14mol) in tert-butanol
(14ml) was cautiously added to a solution of 4a (17.4 g, 0.07 mol) and
triethylamine (17.0g, 0.168 mol) in tert-butanol/ethanol (70 ml/70 ml)
with vigorous stirring at 0 °C. Stirring was continued at 0 °C for 30 min,
then the reaction was quenched by the addition of a 10% aqueous
solution of Na,S,0; (140ml). The mixture was extracted with hexane
and the organic layer was dried over MgSO,. After evaporation of the
solvent, the residual yellow oil was purified by column chromatography
on silica gel (CH,Cl, : hexane=1:2) to give 13.6 g (79%) of pale yellow
oil. UV Agbarol nm (¢): 276 (1550), 356 (310), 369 (260); Ak nm (g):
275 (1440), 352 (300), 368 (240). 'H-NMR §: 3.46 (3H, s, OCH,), 5.15
(2H, s, OCH,), 6.86—7.40 (4H, m, aromatic H). MS mjz: 246 (M),
218 (M*—N,). High-resolution MS mjz: Caled for C,,HoF;N,0,
246.0616. Found 246.0619.
3-[4-(Methoxymethoxy)phenyl]-3-(triﬂuoromethyl)-SH—diazirine (5b)
This compound was prepared in the same manner as described for 5a
and purified by column chromatography on alumina (CH,Cl, : hexane
=1:3); yield (from 24.8 g of 4b): 22.2g (85%), yellow oil. UV A gthanol
nm (g): 272 (1060), 282 (770), 385 (390); Ahewne py (e): 272 (951), 282
(780), 370 (390), 385 (260). 'H-NMR &: 3.46 (3H, s, OCH,), 5.12 (2H,
s, OCH,), 7.04 and 7.18 (4H, AB-q, aromatic H). MS mfz:218 (M* —N,).
High-resolution MS m/z: Caled for CoHoF;0, (M* —N,) 218.0554.
Found 218.0538.
[3-[3-(Triﬂuoromethyl)—3H-diazirin-3—yl]phenoxy]acetic Acid Methyl
Ester (6a) The diazirine 5a (7.39g, 0.03 mol) was dissolved in acetic
acid (60 ml) containing 30 ml of 1 N HCI. Stirring was continued for 12h
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at room temperature, then the solution was diluted with water (300 ml).
The mixture was extracted with ether, the extract was washed with
aqueous NaHCO,, the organic layer was dried over MgSO, and the
solvent was evaporated to leave the phenol as a pale yellow oil. A solution
of the crude phenol in dry THF (60 ml) was treated with BrCH,CO,CH,
(5.05 g, 0.033 mol), followed by the addition of K,CO, (4.56 g,0.033 mol)
and 18-crown-6 (793mg, 3mmol). The mixture was stirred at room
temperature for 18 h, then filtered. The filtrate was evaporated and the
residual oil was purified by column chromatography on silica gel
(CH,Cl,) to obtain 8.04g (98%) of colorless oil. IR (film): 1760 cm ™!
(CO). UV Aqt™'nm (e): 277 (1710), 355 (310). 'H-NMR §: 3.82 (3H, s,
CO,CH3;), 4.64 (2H, s, OCH,), 6.73—7.41 (4H, m, aromatic H). MS
mjz: 274 (M*), 246 (M* —N,). High-resolution MS m/z: Caled for
C,1HgF3N,0; 274.0565. Found 274.0538.

[4-[3—(Triﬂuoromethyl)—3H-diazirin-3-yl]phenoxy]acetic Acid Methyl
Ester (6b) Deprotection of 5b (7.39g, 0.03mol) was performed as
described for 5a. The crude phenol obtained was dissolved in 15ml of
dry acetonitrile containing BrCH,CO,CH, (5.05 g, 0.033 mol) and CsF
(.11 g, 0.06 mol) at 0°C. The mixture was stirred at 0°C for 3 h, then
ether (30 ml) was added and precipitates were removed by filtration. The
filtrate was evaporated to leave an orange oil, which was purified by
column chromatography on silica gel (ether: hexane=1:5) to afford
6.15g (75%) of yellow oil. IR (film): 1750cm ™! (CQ). UV Acthanel py
(e): 273 (1180), 283 (890), 372 (390). 'H-NMR §: 3.79 (3H, s, CO,CH,),
4.64 (2H, s, OCH,), 6.90 and 7.16 (4H, AB-q, aromatic H). MS m/z:
274 (M¥), 246 (M*—N,). High-resolution MS m/z: Caled for
C,,H,F;3N,0, 274.0565. Found 274.0535.

[2-Nitro-5—[3-(triﬂuoromethyl)-3H—diazirin-3-yl]phenoxy]aceﬁc Acid
Methyl Ester (7a) Fuming nitric acid (d=1.50, 1.25 ml) was slowly
added (at a rate appropriate to keep the reaction temperature in the
range of 20—30°C) to a stirred solution of 6a (1.37 g, Smmol) in acetic
anhydride (0.5ml). After the addition, the mixture was stirred at room
temperature for 30 min, then partitioned between ether and water. The
organic phase was dried over MgSO,. After evaporation of the solvent,
the residue was purified by column chromatography on silica gel
(ether: hexane=1:1) to give 900mg (75%) of colorless needles, mp
54—55°C (ether-hexane). IR (Nujol): 1730cm ™! (CO). UV Asthanol
(e): 311 (2650), 360 (shoulder, 930). 'H-NMR 4: 3.83 (3H, s, CO,CH,),
4.79 (2H, s, OCH,), 6.75—7.94 (3H, m, aromatic H). MS mfz: 319 (M),
291 (M* —N,), 245 (M* —N,—NO,). 4nal. Caled for C,HgF3;N,04:
C, 41.39; Hm 2.53; F, 17.86; N, 13.16. Found: C, 41.34; H, 2.53; F,
17.84; N, 13.23.

3-(4-Hydr0xy—3-nitro)phenyl-3-(triﬂuoromethyl)-3H—diazirine 8
This compound was prepared from 5b (4.94g, 0.02 mol) in the same
manner as described for 7a. The crude product was purified by column
chromatography on silica gel (hexane: CH,Cl,=4:1); yield: 2.24¢
(45%), yellow oil. IR (film): 3240cm ™! (OH). 'H-NMR 6: 7.19—7.97
(3H, m, aromatic H), 10.75 (1H, s, OH). MS m/z: 219 (M*—N,), 173
(M*—N,—NO,). High-resolution MS m/z: Caled for CgH,F,0
(M* —N,—-NO,) 173.0214. Found 173.0201.

[2-Nitr0-4—[3-(triﬂuor0methyl)-3H—diazirin-3-yl]phenoxy]acetic Acid
Methyl Ester (7b) A) From 6b: The ester 6b (1.37 g, 5mmol) was nitrated
analogously to 7a and purified by column chromatography on silica gel
(ether:hexane=1:1) to give 1.04g (88%) of yellow needles, mp
38—39°C (pentane). IR (film): 1760cm ™! (CO). UV Agthanel nim (g): 314
(2010), 360 (shoulder, 900); Atexane nm (¢): 304 (2320), 344 (980), 355
(880), 377 (500). *H-NMR 4: 3.83 (3H, s, CO,CH,), 4.79 (2H, s, OCH,),
6.75—7.94 (3H, m, aromatic H). MS m/z: 319 (M*), 291 M*—N,),
245 (M* —N, —NO,). 4nal. Caled for C;1HgF3N;04: C,41.39; H, 2.53;
F, 17.86; N, 13.16. Found: C, 41.18; H, 2.51; F, 18.00; N, 13.17.

B) From 8: The phenol 8 (1.98 g, 8mmol) was alkylated with
BrCH,CO,CH; (2.45g, 16mmol) in the presence of CsF (11.4g, 75
mmol) in 16ml of dry acetonitrile at 4°C for 48h. The reaction was
performed analogously to that in the case of 6b and the product was
purified as under method A; yield: 1.71 g (67%).

[2-Nitro-5-[3-(triﬂuoromethyl)—3H-diazirin-3-yl]phenoxy]acetic Acid
(9a) The ester 7a (160 mg, 0.5 mmol) was hydrolyzed with 0.5 ml of I N
NaOH in methanol (2.5 ml) for 30 min at room temperature. The mixture
was acidified to pH 1 with 1N HCI, the methanol was evaporated off
and the product was extracted with ether. After recrystallization from
ether-hexane, the pure acid 9a was obtained as pale yellow prisms; mp
97-—98°C (dec.); yield: 142mg (93%). IR (Nujol): 1725cm™! (CO).
'H-NMR §: 4.85 (s, 2H, OCH,), 6.77—7.99 (m, 3H, aromatic H). MS
mfz: 305 (M*), 277 (M* —N,), 231 (M* —N,—NO,). 4nal. Calcd for
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C,,HgF;3N,0, (305.2): C, 39.36; H, 1.98; F, 18.68; N, 13.77. Found: C,
39.38; H, 1.98; F, 18.88; N, 13.87.

[2-Nitro-4-[3-(trifluoromethyl)-3H-diazirin-3-yl]phenoxyJacetic Acid
(9b) This compound was prepared by hydrolysis of 7b (3.19 g, 0.01 mol)
analogously to 9a; yield: 3.05g (quant.), pale yellow needles from
ether-hexane; mp 123—124°C (dec.). IR (Nujol): 1760cm™* (CO).
1H-NMR §: 4.86 (2H, s, OCH,), 7.01—7.77 (3H, m, aromatic H). MS
mfz: 277 (M* =N,), 231 (M* —N,—NO,). High-resolution MS m/z:
Calcd for C;(HgF;05 (M* —N,) 277.0197. Found 277.0177.

1-[[[2-Nitro-5-[3-(trifluoromethyl)-3 H-diazirin-3-yl]phenoxy]acetyl]-
oxy]-2,5-pyrrolidinedione (10a) Dicyclohexylcarbodiimide (DCC, 227
mg, 1.1mmol) was added to a solution of 9a (305mg, 1 mmol) and
N-hydroxysuccinimide (127mg, 1.1 mmol) in CH,Cl, (5ml) at room
temperature. The mixture was stirred for 30 min at room temperature,
then the precipitates were removed by filtration. The filtrate was
evaporated and the residue was recrystallized from CH,Cl,-ether to
afford pale yellow needles; 375mg (93%); mp 119—120°C (dec.). IR
(Nujol): 1780cm ™! (ester CO), 1820 and 1740 (imide CO). 'H-NMR 4:
2.88 (4H, s, CH,CH,), 5.14 (2H, s, OCH,), 6.80—7.97 3H, m, aromatic
H). MS m/z: 402 (M*). Anal. Caled for C,,HoF3N,O;: C, 41.80; H,
2.26; F, 14.17; N, 13.93. Found: C, 41.89; H, 2.26; F, 13.71; N, 13.75.

1-[[[2-Nitro-4-[3-(trifluoromethyl)-3 H-diazirin-3-yl]phenoxy Jacetyl]-
oxy]-2,5-pyrrolidinedione (10b) This was prepared by using 9b (1.53 g,
5mmol), N-hydroxysuccinimide (633 mg, 5.5mmol) and DCC (1.13g,
5.5mmol) in the same manner as described for 10a as pale yellow leaves;
1.72 g (86%); mp 108—111 °C (dec.). IR (Nujol): 1780 cm ™! (ester CO),
1820 and 1730 (imide CO). 'H-NMR 6: 2.87 (4H, s, CH,CH,), 5.15
(2H, s, OCH,), 7.09—7.74 (3H, m, aromatic H). MS m/z: 402 (M),
374 (M* —N,). Anal. Calcd for C,,H,F;N,0, (402.2): C, 41.80; H,
2.26; F, 14.17; N, 13.93. Found: C, 41.77; H, 2.25; F, 14.07; N, 13.99.

[2-Nitro-4-[3-(trifluoromethyl)-3 H-diazirin-3-yl ] phenoxy]-[1-'*C]-
acetic Acid (11) [1-'*C]Bromoacetic acid (37 MBq, 18 umol; specific
activity: 2 GBq/mmol; American Radiolabeled Chemicals, St. Louis,
U.S.A.) was dissolved in dry acetonitrile (0.5ml) containing 8 (44 mg,
180 yumol) and CsF (137 mg, 90 umol). The mixture was kept at 4°C for
5d. After removal of the solvent with an N, stream, the residue was
treated with 0.5ml of 1N NaOH for 30 min. The mixture was acidified
by the addition of 0.6 ml of 1 N HCI and the product was extracted with
ether. After evaporation of the solvent, the residue was dissolved in
0.5ml of acetonitrile and subjected to HPLC. An isocratic condition of
50% aqueous acetonitrile containing 0.1% TFA was used at a flow rate
of 1 ml/min. Monitoring of the product was performed at 215 and 320 nm.
A peak at 11 min was collected and the yield of the purified product
was determined as 3.7 umol (21%) based on the incorporated radio-
activity.

Reduction of 7 Sodium hydrosulfite (348 mg, 2 mmol) was added as
a bolus to a solution of 7a or 7b (61 mg, 0.2mmol) in 2ml of 0.IN
NaOH. The mixture was stirred for 30 min at room temperature, then
a solution of N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (99 mg,
0.4mmol) in ether (2ml) was added. The reaction mixture was stirred
for 30 min at room temperature. The organic phase was dried over MgSO,,
and the lactam was purified by column chromatography on silica gel
(ether for 12a and ether:hexane =1:1 for 12b).

3,4-Dihydro-7-[ 3-(trifluoromethyl)-3 H-diazirin-3-yi]-2 H-1,4-benzox-
azin-3-one (12a) Colorless needles, 20mg (39%); mp 104—105°C
(ether-hexane). IR (film): 1700cm™! (CO). 'H-NMR §: 4.64 (2H, s,
OCH,), 6.72—6.90 (3H, m, aromatic H), 9.02 (1H, brs, NH). MS m/z:
257 (M*), 229 (M* —N,). 4nal. Caled for C; HgF3N;0, (257.2): C,
46.70; H, 2.35; F, 22.16; N, 16.34. Found: C, 46.64; H, 2.40; F, 22.21;
N, 16.12.

3,4-Dihydro-6-[ 3-(trifluoromethyl)-3 H-diazirin-3-y1]-2 H-1,4-benzox-
azin-3-one (12b) Colorless needles, 18mg (35%); mp 100—101°C
(ether-hexane). IR (film): 1700cm™" (CO). 1H-NMR §: 4.66 (2H, s,
OCH,), 6.66—7.05 (3H, m, aromatic H), 8.70 (1H, brs, NH). MS mz:
257 (M™*), 229 (M ™ —N,). 4nal. Caled for C,HgF3N;0,: C, 46.70; H,
2.35; F, 22.16; N, 16.34. Found: C, 46.66; H, 2.38; F, 22.16; N, 16.36.

Photolyses of the Diazirines 6 and 7 A 10 mM solution of a diazirine
(0.2 mmol) in methanol or cyclohexane (20 ml) was placed in a Pyrex-glass
culture flask. After replacing the inner atmosphere with argon, the flask
was photolyzed with a 100 W black-light lamp (Ultra-Violet Products
Inc., San Gabriel, California, U.S.A.) in a distance of S5cm from the
center of the light source until all of the starting diazirine had been
consumed. Purification of the products was performed by column
chromatography on silica gel (ether:hexane=2:1 for 14 and 15; 1:1
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for 16 and 17; benzene for 18).
[2-Nitro-5-(2,2,2-trifluoro-1-methoxyethyl)phenoxy]acetic Acid Methyl
Ester (14) Colorless oil. 'H-NMR 4: 3.48 (3H, s, CHOCH}), 3.80 (3H,
s, CO,CH,), 4.55 (1H, q, J=6Hz, CF;CH), 4.83 (2H, s, OCH,),
7.09—7.94 (3H, m, aromatic H). MS m/z: 323 (M*). High-resolution
MS m/z: Caled for C;,H,,F3;NO;4 323.0616. Found 323.0612.
[2-Nitro-4-(2,2,2-trifluoro-1-methoxyethyl)phenoxyJacetic Acid Methyl
Ester (15) Colorless oil. 'H-NMR é: 3.47 (3H, s, CHOCH,), 3.82 (3H,
s, CO,CH,), 4.53 (1H, q, J=6Hz, CF,CH), 482 (2H, s, OCH,),
7.01—7.96 (3H, m, aromatic H). MS mj/z: 323 (M ™). High-resolution
MS m/z: Caled for C,,H;,F;NOg 323.0616. Found 323.0608.
[3-(2,2,2-Trifluoro-1-methoxyethyl)phenoxylacetic Acid Methyl Ester
(16) Colorless oil. 'H-NMR 4: 3.41 (3H, s, CHOCHy,), 3.80 (H, s,
3CO,CH,), 447 (1H, q, J=6Hz, CF,CH), 4.65 (2H, s, OCH,),
6.88—7.42 (4H, m, aromatic H). MS m/z: 278 (M ™). High-resolution
MS mjz: Caled for C;,H,;F;0, 278.0766. Found 278.0772.
[4-(2,2,2-Trifluoro-1-methoxyethyl)phenoxyJacetic Acid Methyl Ester
(17) Colorless oil. 'H-NMR é: 3.39 (s, 3H, CHOCH,), 3.81 (s, 3H,
CO,CH,), 4.45 (g, J=7Hz, 1H, CF,CH), 4.65 (s, 2H, OCH,), 6.95
and 7.38 (AA'BB’ system, 4H, aromatic H). MS m/z: 278 M™*).
High-resolution MS myjz: Caled for C,,H;;F;0, 278.0766. Found
278.0757.
[4-(1-Cyclohexyl-2,2,2-trifluoroethyl)-2-nitrophenoxyJacetic Acid
Methyl Ester (18) Colorless oil. *'H-NMR §: 0.7—2.1 (11H, m, cy-
clohexyl), 3.09 (1H, br quint, J=9Hz, CF,CH), 3.82 3H, s, CO,CH,),
4.79 (2H, s, OCH,), 6.92—7.75 (3H, m, aromatic H). MS m/z: 375 M™).
High-resolution MS m/z: Caled for C,,H,,F;NO; 375.1294. Found
375.1276.
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