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The Properties and Reactivity of the Vilsmeier Complexes

TR 2L A o WK WK
(E Y N

Tsuneo SUZUKI and Kiyoshi TANEMURA

The Nippon Dental University, School of Life Dentistry at Niigata
Hamaura-cho, Chuou-ku, Niigata 951-8580, JAPAN

Abstracts: The Vilsmeier complexes 3-8 were obtained from the reaction of amide such as
N-methylformanilide (NMFA) and N,N-dimethylformamide (DMF) and chloride such as
diphosphoryl chloride, phosphorous oxychloride, and oxalyl chloride. The behavior of complexes was
clarified by '"H NMR measurement in a deutrated solvent such as CDClI, CD2Clz, CD:2CICD2CI,
CD:CN, THF-ds, and dioxane-ds. Complexes 3 and 4 were converted to DMF or NMFA partially in
chlorinated hydrocarbons. On the other hand, complexes 3 and 4 were stable in CDsCN. The reactivity
of the Vilsmeier complexes is determined by the reaction of complexes 3-8 with
1,3-dimethoxybenxzene (9) in dry acetonitrile at 70 °C for 3h. The order of reactivity is complex 6>
complex 4> complex 3 and complex 5> complex 7 and complex 8.
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Figure 1 The structure of the Vismeier complexes 1-8
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Al X YAMATO melting point apparatus MP-21
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B & & B W 72, NMFA ( Sigma-Aldrich) & DMF
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TAITUFEHI T, KAKTHSLLT= P0:Cl
(2.52g, 1.38mL, 0.01mol) {Z NMFA (0.34g, 0.31mL,
0.0025mol) % > U > YTz 7=, =IRIZE L 40 5
ik LESR 6 A 157-, Complex 6: colorless syrup;
IR (neat): v 1629, 1297, 942, 587cm’'; 'H NMR (60
MHz): & 4.12 (3H, s, NCHs), 7.63 (5H, s, N=CH); 'H
NMR (400 MHz): & 4.08 (3H, s, NCHs), 7.58 and
7.73 (5H, two s, Ar-H), 9.78 and 9.94 (1H, two s,
N=CH); "C NMR (400MHz): & 45.2 (NCHs), 51.4
(NCHs), 123.4, 130.4, 130.6, 131.9, 139.0, 142.0, 168.3
(N=CH), 169.0 (N=CH); FAB-HRMS (no matrix):
251.9748 Calcd for CsHoCI2NO:2P; Found: 251.9741.

PER 3 IR DO X O ICAR LT, T UFA
. POCI:(1.53g, 0.92mL, 0.01mol) % & F e lfy =
FN =T VRIS U ¥ T DMF  (0.73g,
0.77mL,0.01mol) % F L7z, IR T 40 ¥ L7z

AT

%, =—T7 VERE THEEERS BrZE L7z, Complex
3: colorless syrup; IR (neat) : v 1665 (N=CH), 1308,
1108, 521cm™; '"H NMR: § 3.45 (sholuder) and 3.86
(6H, br s, N(CHs) 2 , 10.06 (1H, s, N=CH).

PR 4 13 P20sCla(2.52g, 1.38mL, 0.01lmol) &
DMF (0.733g, 0.77mL, 0.01mol) 7 5H{b&# 6 D&
FAEICHE - TH372, Complex 4: colorless oil; IR
(neat): vmn 1665 (N=CH), 1299, 947, 563cm™; 'H
NMR (60 MHz): & 3.86 (6H, br s, N(CHs)., 10.06 (1H,
s, N=CH); 'H NMR (400 MHz): § 3.77 (3H, s,
N-CHs), 3.94 (3H, s, N-CHs), 9.74 (1H, s, N=CH); "*C
NMR (400MHz): & 43.20, CHs), 48.92 (CHs), 165.46
(N=CH); FAB-HRMS (no Matrix): 189.9591 calcd. for
CsH7CL1:NOP; Found: 189.9608.

PEIR 57 13X POCL  (4.60g, 2.75mL, 0.03mol) &
NMFA (1.35g, 1.24mL, 0.01mol) 758k 6 DA Fk
B> TR LI, A LRIk = F 1=
— 7NV EMA TR Z PR L K= F Lo —T
v TTHEE P U A E R 1.90g(49%) & 1572,
Complex 5: colorless solid, mp 46-48 °C ; IR (nujol):
Ve 1671, 1626, 1304, 1110, 762, 597cm™; 'H NMR
(60 MHz, POClL): & 3.73 (6H, s, N(CHs) ), 7.26-7.46
(5H, m, Ar-H), 8.98 (1H, s, N=CH).
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ZETe SmL O Y = F LT — T VIR I
(COCI)2(0.645g, 0.43mL.0.005mol) % U > ¥ Tl
R T2o 30 iEHEE, Y FA T —T LV ERIE TR
S ERZ 1572, Complex 7: IR(nujol): Vaa
1661, 1162, 1036cm™; '"H NMR (60 MHz, CD;CN): &
3.76 (6H, br s, N(CHs), 10.60 (1H, br s, N=CH).

BE(R 8” 1X. NMFA (0.68g, 0.62mL,0.005mol) &
(COCI)2(1.27g, 0.85mL, 0.01mol) 7% complex 6 7
A RIEIZHE > TH372, Complex 8: colorless syrup; IR
(neat): vmw 1624, 1584, 1491, 1105, 1031, 762,
692cm™; '"H NMR (60 MHz): & 3.07 and 3.21 (3H,
two s, NCHs), 6.95-7.15 (5H, m, Ar-H), 8.02 (1H,
s, N=CH) .
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Scheme 1. The formation of the Vilsmier complexes 3-8
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WX R oz o tz, ZHUXE THF & 85K 4 3K
JELTWA e EBbitsd, Table 3128543 %
CDCI:, CD:Cl., CD:Cl2, CD:CICD:CI, CD3CN.
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Table 1. The formation of the Vilsmeier complexes with DMF or NMFA and some chlorides”

Entry Amide Chloride A Molar Ratio of Complex/% Amide/%
Amide and Chloride
1 DMF P205Cls 1:1 100 0
2 DMF POClL: 1:1 100 0
3 DMF (COoCD: 1:1 100 0
4 NMFA P20:Cls 1:4 100 0
5 NMFA POCL: 1:3 100 0
6 NMFA (COC):2 1:2 100 0

a) DMF and NMFA were distilled under reduced pressure with CaH:and stored under argon; P.O;Cl: and POCL were distilled under
reduced pressure and stored under argon. When complex was obtained as syrup or solution, '"H NMR was measured without solvent.

Table 2. A ratio of complex 4 and DMF in several deutrated solvents”

Entry Solvent A Ratio of Complex 4 and DMF
1 CDCls 70 : 30

29 CD:Cl 95:5

39 CD2CL2 53 : 47

49 CD2CICD2Cl 97 :3

50 CD2CICD:Cl 61 :39

6° CD;CN 100: 0

7 THF-ds -

gY Dioxane-ds 100: 0

a) A ratio of comlex and DMF was determined by a comparison of integral value of N=CH and CHO signals on 'H NMR spectra;
Probe temperature is 34 C; The ratio of complex and DMF was caluculated at 200 min. from the graph which was obtained by
protting the ratio of complex and DMF for time; b) Saturated solution: complex (155.9 mg) in 0.50 mL of CDClL (two phases) ; ¢)
Saturated solution: complex (177.6 mg) in 0.55 mL of CD:Cl (two phases); d) Yellow solution: complex (91.9 mg) in 0.45 mL of
CD:CL; e) Saturated solution: complex (187.0 mg) in 0.60 mL of CD-CICD:Cl (two phases); f) Saturated solution: complex (56.6
mg) in 0.50 mL of CD.CICD:Cl (a small amount oil was appeared in a NMR tube); g) Complex (189.6 mg) in 0.60 mL of
CD:CN; h) Complex (125.1 mg) in 0.48 mL of THF-ds (a half-life is about 30 min.); i) Complex (121.0 mg) in 0.60 mL of
dioxane-ds

Table 3. A ratio of complex 3 and DMF in several deutrated solvents”

Entry Solvent A Ratio of Complex 3 and DMF
1 CDCls 47 : 53

29 CD2CL 44 : 54

39 CD2CICD:Cl 65 : 35

49 CDsCN 100 : 0

50 THF-ds -

69 Dioxane-ds 83 :17

a) A ratio of comlex and DMF was determined by a comparison of integral value of N=CH and CHO signals on NMR spectra,
respectively; Probe temperature is 34 °C; The ratio of complex and DMF was caluculated at 200 min. from the graph which was
obtained by protting the ratios of complex and DMF for time; b) Complex (115.4 mg) in 0.53 mL of CDCl; ¢) Complex (91.9
mg) in 0.45 mL of CD:Cl;; d) Complex (97.9 mg) in 0.45 mL of CD.CICD:Cl; e) Complex (119.0 mg) in 0.54 mL of CD:CN; f)
Complex (82.3 mg) in 0.45 mL of CD:CN; f) Complex (119.0 mg) in 0.54 mL of THF-ds (a half-time is about 50 min.); g)
Saturated solution: complex (188.0 mg) in 0.80 mL of dioxane-ds (two phases).
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Table 4. The Vilsmeier reaction of 1,3-dimethoxybenzene (9) with some amides and chlorides in CH3CN at 70 °C for 3"

Entry Amide Chloride Yield of Product/% Recovery Total Yield/%
10 of 9/%

1 NMFA P.OsCls 90.5 9.0 99.5

2 DMF P.0sCls 80.6 4.9 85.5

3 NMFA POCl; 76.6 10.1 86.7

4 DMF POCl: 77.8 9.6 874

5" NMFA (cocy). 63.2 23.5 86.7

6 DMF (cocl). 65.3’ 227 88.0

a) A molar ratio of 1, amide and chloride is 1: 1: 1.
OCH3 ]
OCH3 o
HaC + /O\ II:I’ "/O_ - _
= S| ClI—R ~
+ I:’h/N C\ | | \C| OCH3 P02C|2
OCH3 H G-
CH-N(CH3)Ph
6 |
9v Copoct,
11
OCH
° OCH3 NH(CHa)
-H*, -OPOCI, Pozcé aq. NaOH +
> OHCH,
CH=NH(CH3)Ph cHO
10

12

Scheme 2. The reaction of complex 6 with 1,3-dimethoxybenzene (9)
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CD:CICD:Cl, CD;CN. THF-ds. Dioxane-ds (Z ¥&7)>
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3, 5>7. 8 THLHZ LI~ T=,

A

'HEB LO'PC NMR A X7 kL (400MHz) % H]7E
L CHEWE ALK T 7 2 — e 2kt 4
M« FAFEBRT & MS A7 R LA HEIE L TV =720
7~ ARE RS FS FHEMICEH B L 7,
Fo. T OBFGEIE AR 0 0 HE A 4 B 4
(NDUF-09-16) 12 X 56 D TH Y = I < E#EE
LET,
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