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Pd(0)-catalyzed cross-coupling reactions of diazirines with aryl halides under microwave heating conditions afford a series of substituted
olefins. A reaction mechanism involving the migratory insertion of the Pd carbene intermediate is proposed.

In recent years, Pd-catalyzed cross-coupling reactions of
diazo compounds have emerged as a new type of synthetic
method for constructing C—C double bonds.! In related
studies, Barluenga and co-workers first reported the Pd-
catalyzed cross-coupling of N-tosylhydrazones with aryl
halides.** ° Recently, we have reported related coupling
reactions with N-tosylhydrazones.>® € N-Tosylhydrazones are
commonly used as precursors for in situ generation of diazo
compounds (eq 1).* In all the transformations mentioned
above, migratory insertion of Pd carbene is proposed as the
key step in the catalytic cycle (Scheme 1).

On the other hand, diazirines are important carbene
precursors, and their reaction mechanism upon photolysis
and thermolysis has been studied extensively over the past

 Peking University.
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Scheme 1. Migratory Insertion of Pd Carbene
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decades.* Diazirines are also widely used as photosensitive
groups of photoaffinity labeling techniques in biochemical
studies.’ Moreover, reactions of diazirines with transition
metal complexes have been documented in the literature.®
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However, to the best of our knowledge, the transition-metal-
catalyzed reaction of diazirines has not been reported. Since
diazirine can be converted into a diazo compound or carbene
upon photolysis or thermolysis (eq 1),” we conceived that
diazirine might replace N-tosylhydrazone in a Pd-catalyzed
cross-coupling reaction. Herein we report the Pd(0)-catalyzed
cross-coupling of diazirines with aryl halides, which affords
substituted olefins in good yields.
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At the outset of this investigation, we explored the Pd-
catalyzed cross-coupling of 3-methyl-3-phenyldiazirine 1a with
p-bromotoluene 2a under oil bath heating conditions. To our
delight, cross-coupling product could indeed be formed, albeit
in low yield, by heating at 90 °C for 4 h (Table 1, entry 1).
The yield could not be further improved regardless of extensive
optimization attempts.® We observed that the main side product
was styrene, which was derived from diazirine decomposition
through a carbene 1,2-hydrogen shift.** Further optimization
experiments revealed that microwave irradiation could
slightly improve the yield with Pd(PPh;), as catalyst (entry
2).'% Switching the catalyst to Pd,(dba)y/Xphos (2-dicyclo-
hexylphosphino-2’,4’,6’-triisopropylbiphenyl) further im-
proved the reaction (entry 3). Since microwave-assisted
reactions are generally affected by solvents, we next at-
tempted to optimize the reaction by examining a series of
solvents, including 1,2-dichloroethane (DCE), N-methyl-2-
pyrrolidinone (NMP), THF, and CHC]; (entries 4—7). DCE
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Table 1. Reaction Condition Optimization with Pd-Catalyzed
Cross-Coupling of 1a and 2a

NEN Et3N (1.5 equiv)

MW, 10 min
G+ PMeCHgBr CoHs™ “CauMep
1a 2a 3a

entry cat. (mol %) t (°C) solvent yield (%)*
16¢ Pdy(dba)s(2.5)/Xphos (10) 90 DCE 32
20 Pd(PPhs)4 (5) 100 MeCN 27
3b Pdy(dba)s(2.5)/Xphos (10) 100  MeCN 33
4t Pdy(dba)s(2.5)/Xphos (10) 100 THF 11
56 Pdy(dba)s(2.5)/Xphos (10) 100  CHCl; -
6° Pdy(dba)s(2.5)/Xphos (10) 100 NMP -
7° Pdy(dba)s(2.5)/Xphos (10) 100 DCE 37
8° Pdy(dba)s(2.5)/Xphos (10) 100 DCE 40
9¢ Pdy(dba)s(2.5)/Xphos (10) 110  DCE 64
10°"  Pdy(dba)s(2.5)Xphos (10) 110  DCE 78
11 Xphos (10) 110 DCE -£

“ Isolated yields. ?1a:2a = 1.1:1; concentration of 1a is 0.17 mol/L.
¢ Reaction was heated by an oil bath for 4 h. ¢ Product 3a was not detected.
¢ Concentration of 1a is 1.0 mol/L.” 1a:2a = 1.5:1. ¢ 2a remained unchanged
while 1a decomposed to afford a complex mixture.

afforded better results compared with MeCN (entry 7), while
other solvents all gave inferior results (entries 4—6).
Subsequent experiments indicated that higher concentration
and higher reaction temperature could improve the reaction
(entries 8 and 9). Finally, the reaction was found to afford
optimal results by further changing the substrate ratio of 1a
to 2a from 1.1:1 to 1.5:1 (entry 10).

With the optimized reaction conditions in hand, the substrate
scope was examined with a series of diazirines 1a—g and halides
2a—n (Table 2). All the reactions were complete within 10 min
and afforded substituted olefins in moderate to excellent yields.
For the aromatic bromides, the reactions demonstrated high
functional group tolerance. The reaction proceeded smoothly
with ortho-, meta-, and para-substituted aryl bromides (entries
1, 12, and 20). Both electron-donating and -withdrawing groups
of the aryl bromides were tolerated (entries 2—6). Heterocyclic
aryl bromides could be employed in the coupling reaction (entry
7). Highly sterically hindered mesityl bromide (2j) could also
afford the coupling products 3m and 3p in good yields (entries
13 and 18).

Tri- and tetrasubstituted olefins were obtained in good yields
by using the diazirines bearing alkyl substituents other than a
methyl group (entries 16—23). The stereoselectivity of the olefin
products varied depending on the substrates. It was noted that
the reaction of diazirines with ortho-substituted aryl bromides
could afford trisubstituted olefins with high stereoselectivity,

(11) Typical procedure for the Pd(0)-catalyzed cross-coupling. Aryl halide
(0.6 mmol), diazirine (0.9 mmol), triethylamine (0.9 mmol), Pd,(dba); (0.015
mmol, 2.5 mol %), XPhos (0.06 mmol, 10 mol %), and dioxane (0.6 mL)
were mixed in a microwave tube. The mixture was stirred at 110 °C for 10
min under microwave conditions (the highest power: 200 W; run time: 2 min;
hold time: 10 min; temperature: 110 °C). Upon the completion of the reaction,
the solution was filtered through a short silica gel column. The solvent was
evaporated under reduced pressure, and the crude residue was purified by flash
chromatography on silica gel.
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Table 2. Pd(0)-Catalyzed Cross-Coupling with a Series of Diazirines and Aryl Halides® "'
Pd,(dba); (2.5 mol %) !
N=N XPhos (10 mol %)
R+ ArX |
Ar ) EtsN (1.5 equiv), DCE  aAr” ar
R a-n 0 ;
ta-g X=prGy MW, 110°C, 10 min 3a-u

entry 1, diazirine 2, Ar'X product,3  yield (%)" entry 1, diazirine 2, Ar'X product,3  yield (%)b
1 ph—K 2a, p-MeCeH,;Br  P-MeCgHa - Ph 78
N”N \n/ Br m-MeOCgH,
1a 3a 13 1d 2j, 76
p-MeaNCegHa (__Ph
2 1a 2b, p-Me,NC¢H,Br \ﬂ/ 68
3b
14 1d 2Kk, m-AcCsH,Cl 3j 50
p-MeCeHy ;N p'MeC6H4\n/CGH4Me'P 15 1d 21, p-MeCgH,Cl 3k 32
3 2a, p-MeCsH,Br 89
1b 3c
427 p-MeCgHy__Ph
16 PN 2a /\E 47
p-MeCgHy . CgH4CO,Me-p N
4 1b  2c, p-MeO,CCeH,Br \ﬂ/ 96 le
3d
ph_g Ph.__Ph
17 N* 2m, CHsBr \E 95
p—MeCGH4 C5H4CF3-p
5 1b 2d, p-CFCH,Br \"/ 90 1f
3e
p-MeCgHy CgH4OMe-p
6 b 2e,p-MeOCeH,Br \[]/ 92 Ph
18 1f 2j | 68
3f
3p, ZE=10:1°
W Ph CgHsMe-0
7 b 2f }Br p-MeCgHg 56 o 1 - \E 06
3q, ZZE=10:1°

Br Ph._ CeHsMe-m
8 p-MeCeHqy 86 20 1f 2n, m-MeCgH,Br \L 89

3r,ZE=1:1°
p-MeOC6H4~4 p-MeOCgH4 CgHgAC-m
0 N 2h, m-AcC4H,Br \n’ 95 Ph\[f‘*”“COQM&p
. 21 1f 2 95
le 3 35, ZE=1:1°
- m-MeOCgH -
m MeOC6H4—’§N 6 4\"/C6H4AC m Ph.__CgH4OMe-p
10 2h 92 2 1f 2e E 95
1d 3j 3t, ZZE=1:1°
m-MeOCaH4 06H4Me-p -
1 1d 24 \n/ 89 Ph | CGH4Me 0
23 Ph—f5y 2i 87
"z
3k 1g 3u, ZE=19:1°
m-MeOC6H4 CGH4Me-o
12 1d 2i, 0-MeCeH,Br \"/ 89
31

“ Reaction conditions: 1a—g (0.9 mmol), 2a—n (0.6 mmol), Pd,(dba); (2.5 mol %), Xphos (10 mol %), EtzN (0.9 mmol), DCE (0.6 mL), MW 110 °C,
Pmax power 200 W, 10 min hold time. ? Yield of isolated product after silica gel chromatography. ¢ Ratio determined by "H NMR spectra.
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affording predominantly Z-isomers (entries 18—19 and 23),
while in other cases, the reaction essentially showed no
selectivity (entries 20—22). The selectivity was found to be not
notably affected by electronic effects of the substituents on the
aryl bromide (entries 20—22). Finally, it was noteworthy that
aryl chlorides also worked, affording coupling products in
moderate yields (entries 14 and 15).

Since diazirines were synthesized by oxidation of diaz-
iridines with oxidants such as Ag,O and MnO,,>® we
explored the possibility of Pd-catalyzed cross-coupling of
diaziridines under oxidative conditions. It was demonstrated
that such oxidative cross-coupling was indeed possible. As
shown in eq 2, the Pd(0)-catalyzed cross-coupling of
4-bromotoluene (2a) with diaziridine (4a) proceeded smoothly
with Ag,O as oxidant.

Pd,(dba); (2.5 mol %)
XPhos (10 mol %)
Et3N (1.5 equiv)
Ag,0 (2.5 equiv)
DCE, MW, 100 °C

HN-NH
pMeGeH + p-MeCgH4Br

4a 2a

p-MEC6H4 CsH4Me-p (2)

76%

A plausible mechanism for this Pd(0)-catalyzed cross-
coupling is proposed as shown in Scheme 2. The reaction is
initiated by oxidative addition of Pd(0) catalyst A to the aryl
halide to afford Pd(II) species B. On the other hand, diazirine
may be converted to a diazo compound or carbene species
under the thermolytic conditions,® which then reacts with
Pd(II) species B to afford Pd carbene complex C. Migratory
insertion of the aryl group to the carbenic carbon affords
intermediate D, from which S-hydride elimination provides
the product and regenerates the Pd(0) species in the presence
of triethylamine.
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Scheme 2. Mechanistic Rationale
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In summary, we have reported a microwave-assisted cross-
coupling reaction of diazirines with aryl halides, which
provides various substituted olefins efficiently. To our
knowledge, this reaction represents the first example of a
transition-metal-catalyzed reaction of diazirines, which sig-
nificantly expands the chemistry of diazirines. Moreover, it
further demonstrates the generality and importance of the
transformations based on Pd carbene species.
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