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Abstract Fluoroalkyl-substituted diazo compounds belong to one of the most powerful tools in organic synthetic chemistry
and their transformations have attracted numerous attention. Since the reagent, trifluorodiazoethane, was discovered in 1943,
it has attracted many research interests in organic synthesis. On the contrary, the similar difluorodiazoethane (CF2HCHN?),
which just changes CF3 group to CF2H group, however, leads to significant changes on their chemical properties, in particular
the stability. Until now, the studies on difluorinated diazo compounds remain less explored. Therefore, the related chemistry
on difluorodiazoethane emerges as a hot research topic, and the inventory of methods for the preparation and application of
new diazo compounds is continuously supplemented. In this communication, a visible-light- promoted esterification reaction
of carboxylic acids with in sifu generated (f-diazo-a,a-difluoroethyl)phosphonates via O-H insertion has been achieved under
mild conditions, which afforded a,a-difluoromethyl phosphonates (DFMPs)-containing esters with good chemical yields.
Several carboxylic acids and amines featuring various functional groups are well compatible in the reaction under photo-
chemical conditions. A control experiment with the addition of D20 has been performed to verify the proton-transfer process
involved in this reaction, and a possible mechanism containing in situ generation of diazo intermediate and protonation is
provided. This reaction is operationally simple and shows good functional group compatibility providing an efficient and
sustainable strategy for the assembly of a,a-difluorinated phosphonate derivatives. A typical procedure for this visible-light-
promoted reaction between (f-diazo-a,a-difluoroethyl)phosphonates and carboxylic acids is presented as follows: into a vail
were taken amine 1 (0.2 mmol), carboxylic acid 2 (0.1 mmol), --BuONO (0.24 mmol) and CHCI; (3 mL). The mixture was
heated to 60 ‘C and stirred in the presence of 4.5 W blue LEDs for 4 h. Then, solvent was removed in vacuum. Product 3
was purified by TLC plate of 20 cm X 20 cm using petroleum ether/ethyl acetate (4 - 1, V/V) as eluent.

Keywords difluorodiazoethane; (f-diazo-a,a-difluoroethyl)phosphonates; visible-light-initiation; O-H insertion; masked
carbene
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Figure 1 Structures and synthesis of DFMP-containing ester.

5 FIIX LS HTI] T AR R R REA TR 4L — B LA
ORAE R S 5 AT 9 R ik R TR 1 Ak 5 0 D5 T (R O T %
U1 AT A (- B -a,0- 9 O HE) PR TR 5 R IR
IR A S I RT BAOA 5 2 — R P 3 A R T 5 ) PO R IR
FRLE IR —Fh R R ig e, ERRCES, AT
RIE TR IS AE TN, (B-ER a,0- R L5 BRI
SRR O-HIBA SN, R PA R 77 345 2 BE 2R AL
EP(E 1b). 1Z AR ST T T, AR AT
SRR, N o IR IR & R it T — SRR
I

748  http://sioc-journal.cn

2 HER5THE
21 R RFMHE

FRAE 2 1 AT WGAR 2 R = A S B HRaE e, 3k
AT A (B- B -o,0- 9 £ 28 B IR IR -5 7R IR 1) R A Je 7
RLZA AT DLEE ] WG 264 N2 8. ok, AR -2
FLQ-FFH-1,1- T 5-2- 2K 3 250 R TR (1a) A1 4- PR ZS FH
% (2a)E N RPI R IR R I S B 26 1. AT 1.2
equiv. [ VA R R T BE T8 78 W € 1T L' T ) S 2 IR R i
HEAT B A LR FRRR IR, [R5 R R 1 Fios.
LRATEHZ, SV EA BRI NIE A, £ 60 CT
SN2 hy [SAERE T HERY) 3aa, 773N 29% (Entry
1). HRERFEA AR R AT E, AN T i 1a 1
B ARBRE, SEZRMNHIIAN 3.0 equiv.fIfE 1a
B, 724 3aa (7= A $E 5 2] 57% (Entries 2, 3). 245,
FATTI% 5 7 77 I (Entries 4~ 10) & BG4 /& 1% M
A, L 73%UH (Entry 5)f3 3] T FW4) 3aa.
Ab, RBAE TR TR, P2 2R, N
M B KA g ROSE A OB, B A AR AN 380 TR 4 7 A
(Entries 9, 10). ¥ SR SR = F] 60 F180 C, =% Jf
A Y (Entries 11, 12). g, 2RV AIZEKE] 4 b,
FERE RS 79% (Entry 13). ERDOEEMET, K&
MNART] PAEAT, (H 2 H FrFE{R(51%, Entry 15), HI{{
F R B AN IE K 24 h, P2 A% A $2E i (48%, Entry
16). X —£5RRPIEX T R =B R BITEA (i
1EF ).
2 ALY TR R S PR HRAL ©

Table 1 Optimization of the reaction conditions®

o
Io) +BuONO o Q
Et0—P. + OH ———> EtO—P.
Pe e, 4.5 W blue LEDs e & ©
2
B

1a 2a 3aa r
Entry 1a/equiv. Solvent 7/°C t/h Yield*/%

1 1 CCly 60 2 29

2 2 CCly 60 2 56

3 3 CCly 60 2 57

4 2 CH,Cl, 60 2 57

5 2 CHCl, 60 2 73

6 2 PhCl 60 2 66

7 2 MeCN 60 2 41

8 2 i-PrOH 60 2 32

9 2 HFIP¢ 60 2 ND¢
10 2 H,O 60 2 ND“
11 2 CHCl; 40 2 50

12 2 CHCl; 80 2 44

13 2 CHCl; 60 4 79

14 2 CHCl; 60 12 64
15¢ 2 CHCl; 60 4 51
16¢ 2 CHCl, 60 24 48

© 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

4Reaction conditions: acid 2a (0.1 mmol), zBuONO (1.2 equiv. of amine 1a),
solvent (3 mL) under 4.5 W blue LEDs. * Isolated yield based on acid 2a.
¢ Hexafluoroisopropanol. ¢ Not detected. ¢In the dark.
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