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Base catalyzing 1,6-conjugate diazo methylation of p-quinone methides

LIU Yang, LUO Jinhua, WANG Xin', LI Lei, WANG He"
( School of Petrochemical Engineering, Liaoning Petrochemical University, Fushun 113001, Liaoning, China )

Abstract: p-Diarylmethyl-o-diazoacetate was synthesized by one step method using p-methylene
benzoquinone (p-QMs) as Michael receptor and 1,8-diazadiazobicyclic[5.4.0]lundecane 7-ene (DBU) as
base catalyst, of which the diazomethyl carbananion formed by ethyl diazoacetate attacked p-QMs
involving a tandem sequence of 1,6-conjugate addition and tautomerism. The effects of catalyst type and
dosage, solvent and diazo compound dosage and reaction time on the product yield were evaluated, with the
reaction mechanism analyzed by '"HNMR in situ experiment. The results showed that under the optimum
reaction conditions of dimethyl sulfoxide as solvent, catalyst DBU dosage 20% of the amount substance of
p-QMs, reaction temperature 25 °C, and reaction time 2 h, 20 kinds of f-diarylmethyl-a-diazoacetic esters
in yields 60%~79% were synthesized. In gram-scale experiment, the synthesis of
p-diarylmethyl-a-diazoacetate achieved target product with a 75% yield, demonstrating the potential for
scaling up synthesis.

Key words. p-quinone methides; ethyl diazoacetate; diazo methylation; 1,6-conjugate addition; fine chemical
intermediates
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A B R AR A R A E]; RERE (200~300
300~400 H ). EERHR, WA GILARER A A

AVANCE Il HD %! 400 MHz ¥ G 45 %%
Bt Bruker 23] ; UPLC G2-XS Qtof /& 4 Bt i 1%
(ESI), ZEE Waters FHEAFRATF; Q-TOF 6224
A (EST), £ Agilent BHEABRA A .
1.2 ERAZE
1.2.1 p-QMs #54-5%,

PURY) 4-28T0 FAE-2,6- 40T K6-2,5-3R 0 — 4 -
1-F (1) M, ¥ 5.1583 g (25 mmol) Y 2,6-—
BT FZE W A 2.6530 g (25 mmol ) A9 H S n A 3
250 mL S, FIIA 100 mL H 2R s
I, 38 a1 RO =75 30 min Y (9 s/ii% ) i
fnoe 4.2574 g (50 mmol ) BYURAE, 7E 1050 r/min Y
PibE ARSI 6 ho @it TLC KR N, Ff i
54, BIRAWARHE 100 °C, %N 5.1045 ¢
(50 mmol ) ZPREFIFIEFE 15~30 min, BEJS, Kk
RRH B, REH LR RN BFEA 500 mL 7kK
i, HZRROES (3x100 mL ) 2B HIA, HAHL
A I G A K PES . TE/K NaySO, T4, I8
FEZRIBBR A HLIAER 8 i i A E A el Ak r=
FER vV (CGHMmEE) : vV (ZBROHER) =100 : 1), %
JEEIEC ke P B, ARl aE R (1) B
122 B-ZF W HhAA-a-F R T8 TEE WA MR

LIEEY Ma A, 78 25 °Cilia, ¥ 58.9 mg
(0.2 mmol) P=¥1 I 1 1 mL & DMSO fil A%
TP HET-09 25 mL 8 Bl S AR 34.2 mg
(0.3 mmol) HALFRLEE (1) F1 6.1 mg (0.04
mmol ) DBU. &J5, ¥R MWIEGWE TR .25 °C
SRR 2 h, JH TLC Waill 5z b A, S 45 o
J& . BERBEREIA 50 mL Ak, 22
fis (3x10 mL) $2HCHPLAH, GIEAHAE, HRA
B IKPES . K Na,SO, T4, WIEZEIBR LA
PUAER, 8 5k R AE 2 M itk =9 (R IF 7 v
WEE) vV (ZBROHEE) =50 - 1), 43 AR
Ylla (61.00 mg, F=% 74% ), HW T PR,

OH
Bu Bu
l/COzEt DBU (0.04 mmol) O
1\|12 DMSO, Air, 25 °C,2h O CO,Et
N,
[(02 mmol) I a

W 1 B 2R S FE AN R o7 B 3% A A A O
B AL | ZRFLANNEIE L | e B LR 20 BRI & b~ ¢
1.23 B-=F FRhA-0-F R LR TE 0 LR F I

fE 25 CHMmMmEEMHT, ¥ 14722 ¢
(5mmol ) H T IIA%EA 20 mL DMSO & IR HEHR

H, BiEFE T (1225 /min) N 0.8558 ¢ (7.5 mmol )
FR LS, EHE 10 min J5 % 0.1522 ¢( 1 mmol )
DBU ¥ f# T 5 mL DMSO HY IR £ ¥ W0 i 18 5 7 i
J=H7E 5 min WIHAIRGY T, HNVIBEWET
2R, 25 CFHEHE 5h, J TLC M bR .
MEGEHRE , BB EIA 100 mL A KA,
LPRETE (4x20 mL) $#2HCAPLM, &IFAHLA,
FAIE £ K (3x50 mL) ¥E¥% . Jo/K Na,SO, T4,
VR 2R AR B 2 B, i Rk AR JE AT Al e e
CRIFFI v (k) - vV (ZFRCTHER) =50 : 1),
BEE AR Ma (1.5320 g, 725K 75% ),
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¥ 4.4 mg (0.01 mmol) ) Rhy(OAc), il AZEA

il S PET 09 25 mL s3I, A SUHESS FH A
AUE R 3 U AR A RYKIIA 2 mL B2 81.7 mg
(0.2 mmol ) Ma, 7£ 100 °CM¥ FHtHE 12 he sl i
TLC Wi 5z i JF 72 28 I B 45 5 . i 50 mL i A&
KEEW, ZBRCHER (3x10 mL) 2ECEHLM, &HFF
BUAH, HITE7K Na,SO, T . 238, Jf Has k4
FEh, R A B Al AL LR IFR R V() -
VZRROTR) =15 1) 5ApWy, 19508 6 A
IV-a (71.5 mg, 7= 94% ), HJMXWF (Z2: E
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Ma (0.2 mmol) V-a(94%, Z : E=1 : 6.8)

W LR S IR EREZ 40 °C, I s [) 4
A 2 h B, KRS A EEEEYIV -
(73.1 mg, F=# 96% ), H MW= 4F .

OH

Bu Bu Bu
O OH
Rh,(OAc), (0.01 mmol) ‘
CO,Et > O N Bu
O i CO,Et

Ma (0.2 mmol) IV-2(96%,Z : E=12.0 : 1)

Toluene,
40°C,N,,2h

3-(3,5-RUT BE-4- 3R ORI -2-H A -3- AR AR R
LW (Ma): HEEMIREAR, 77K 74%, 'HNMR
(400 MHz, DMSO-ds), 6 : 7.34~7.29 (m, 2H),
7.25~7.20 (m, 3H), 6.94 (s, 2H), 5.15 (s, 1H), 5.12 (s,
1H), 4.23 (q, J = 7.2 Hz, 2H), 1.38 (s, 18H), 1.25 (t, J
= 7.2 Hz, 3H), “CNMR (100 MHz, DMSO-d;), o:
167.0, 152.9, 141.4, 136.2, 130.8, 128.7, 128.2, 127.0,
125.0, 61.1, 45.2, 34.5, 30.4, 14.6, HRMS (ESI), m/Z:
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[M+H] HS(E 409.2486, SZUI{H 409.2487,

3-(3,5- T Fk-4- 3R 000 ) -2- H - 3-(4- TP R
N CHE (Mb): EE AR, 7% 74%,. m.p.
106~108 °C ., 'HNMR (400 MHz, CDCly), o:
7.14~7.07 (m, 4H), 6.95 (s, 2H), 5.13 (s, 1H), 5.07 (s,
1H), 4.22 (q, J = 7.2 Hz, 2H), 2.32 (s, 3H), 1.38 (s,
18H), 1.25 (t, J = 7.2 Hz, 3H), “CNMR (100 MHz,
CDCly), d: 167.0, 152.9, 138.4, 136.6, 136.1, 131.0,
129.4, 128.1, 124.9, 61.0, 44.9, 34.5, 30.4, 21.2, 14.6,
HRMS (ESI), m/Z: [M+H] BEISE 423.2642, SEil
1l 423.2649,

3-(3,5- BT He-4-FR R L )-2- A -3-(4- TP AR KR
RIEYNR TR (e ): JE AR, =% 70%.
'HNMR (400 MHz, CDCl;), §: 7.15~7.11 (m, 2H),
6.95 (s, 2H), 6.88~6.83 (m, 2H), 5.15 (s, 1H), 5.07 (s,
1H), 4.22 (q, J = 7.2 Hz, 2H), 3.78 (s, 3H), 1.39 (s,
18H), 1.25 (t, J = 6.8 Hz, 3H), CNMR (100 MHz,
CDCly), d: 167.0, 158.6, 152.9, 136.1, 133.4, 131.1,
129.3, 124.9, 114.0, 61.0, 55.3, 44.5, 34.5, 30.4, 14.6.,
HRMS (ESI), m/Z: [M+H] Bi&{E 439.2591, S
{4 439.2597,

3-(3,5- U T H-4- R HE)-2- A -3-(4-TR A L)
WROE (Md): ®wEABK, ~F 75%. mp.
103~105 °C., '"HNMR (400 MHz, CDCl3), 6: 7.45 (d,
J= 8.4 Hz, 2H), 7.10 (d, J = 8.0 Hz, 2H), 6.91 (s, 2H),
5.17 (s, 1H), 5.07 (s, 1H), 4.23 (q, J = 7.2 Hz, 2H),
1.38 (s, 18H), 1.26 (t, J = 6.8 Hz, 3H), CNMR
(100 MHz, CDCly), §: 167.0, 153.2, 140.7, 136.4,
131.8, 130.1 130.0, 124.8, 61.2, 44.9, 34.5, 30.4,
14.6, HRMS (ESI), m/Z: [M+H]"Fig{H 487.1591,
SE 487.1599,

3-(3,5- U T Fh-4- ORI )-2-H A -3-(4- T AR
WL OHE (Me): L AMPRIEAK, 7% 72%.
'"HNMR (400 MHz, CDCl3), 6: 7.69 (d, J = 8.4 Hz,
2H), 7.33 (d, J = 8.4 Hz, 2H), 7.06 (s, 2H), 6.36 (s,
1H), 5.48 (s, 1H), 4.04 (q, J = 6.8 Hz, 2H), 1.37 (s,
18H), 1.14 (t, J = 7.2 Hz, 3H), “CNMR (100 MHz,
CDCly), d: 165.9, 155.8, 155.7, 144.9, 136.1, 131.6,
130.1, 129.8, 125.2, 118.9, 115.3, 115.0, 60.1, 34.4,
30.2,30.1, 14.1, HRMS (ESI), m/Z: [M+H] B
434.2438, SCINAE 434.2444,

3-(3,5- BT H-4- R )-2- L A-3-(2- FH R
YRR (f): W\ AEA, % 61%., m.p.
101~106 °C. 'HNMR (400 MHz, CDCly), &: 7.17~
7.13 (m, 3H), 7.06~7.03 (m, 1H), 6.91 (s, 2H), 5.24 (s,
1H), 5.12 (s, 1H) 4.22 (q, J = 5.6 Hz, 2H), 2.31 (s, 3H),
1.37 (s, 18H), 1.24 (t, J = 7.2 Hz, 3H), “CNMR
(100 MHz, CDCly), d: 167.0, 152.8, 139.9, 136.4
136.1 130.8, 129.9, 127.6, 127.1, 126.2, 125.0, 61.0,

422, 34.5, 30.4, 19.8, 14.6, HRMS (ESI), m/Z:
[M+H] FEiB(H 423.2642, SEIH 423.2646,
3-(3,5-ARUT FH-4-F A0 -2- A -3-(2- TP AR
RILYR MR (Mg ): FE ORI, 77K 60%,
"HNMR (400 MHz, CDCl3),6:7.23 (t,J = 7.6 Hz, 1H),
7.05 (d, J = 7.6 Hz, 1H), 6.98 (s, 2H), 6.91~6.87 (m,
2H), 5.33 (s, 1H), 5.10 (s, 1H), 4.20 (q, J = 2.8 Hz,
2H), 3.79 (s, 3H), 1.38 (s, 18H), 1.23 (t, J = 7.2 Hz,
3H). "*CNMR (100 MHz, CDCl;), 6: 166.8, 157.4,
152.7, 135.8, 130.2, 129.7, 129.6, 128.4, 124.9, 120.6,
110.9, 60.8, 55.5, 40.7, 34.5, 30.4, 14.6, HRMS (ESI),
m/Z: [M+H]"HE{H 439.2591, S2{H 439.2596,

3-(3,5- AU T B -4- R )-2-F A -3-(2- AR L)
W CHE (Mh): EEAMRBAR, 7% 66%.
'HNMR (400 MHz, CDCl;), &: 7.38 (dd, J = 1.2,
7.2 Hz, 1H), 7.24~7.13 (m, 3H), 6.95 (s, 2H), 5.50 (s,
1H), 5.15 (s, 1H), 4.21 (q, J = 2.8 Hz, 2H), 1.39 (s,
18H), 1.23 (t, J = 7.2 Hz, 3H), CNMR (100 MHz,
CDCly), d: 166.6, 152.9, 139.2 136.1, 134.1, 129.9,
129.4, 128.8, 128.3, 126.8, 125.0, 61.0, 42.9, 34.4,
30.3, 14.5, HRMS (ESI), m/Z: [M+H] Bt {5
443.2096, SCNME 443.2100,

3-(3,5-RUT H-4- R -2-H A-3-(2- TR R )
IR ZLTRC T PR B G PR IR, 7= % 61% . ' HNMR
(400 MHz, CDCl3), d: 7.57 (dd, J=1.2. 8.0 Hz, 1H),
7.27~7.23 (m, 1H), 7.16~7.07 (m, 2H), 6.96 (s, 2H),
5.48 (s, 1H), 5.15 (s, 1H), 4.24~4.18 (m, 2H), 1.38 (s,
18H), 1.22 (t, J = 7.2 Hz, 3H), “CNMR (100 MHz,
CDCly), d: 166.6, 152.9, 140.8, 136.1, 133.3, 129.6,
128.8, 128.6, 127.5, 125.0, 124.7, 61.0, 45.4, 34.4,
30.3, 145, HRMS (ESI), m/Z: [M+H] # it {4
487.1591, A 487.1596,

3-(3,5- AU T Fk-4- 32 2R ) 2- T A -3-(2- R 3k
PR ZBRC T ) ¥R 3 (PRI, 72 63% . ' HNMR
(400 MHz, CDCl3), 0: 7.27~7.17 (m, 2H), 7.12~7.03
(m, 2H), 6.96 (s, 2H), 5.33 (s, 1H), 5.15 (s, 1H),
4.24~4.18 (m, 2H), 1.38 (s, 18H), 1.23 (t, J = 7.2 Hz,
3H), *CNMR (100 MHz, CDCl3), d: 166.7, 160.8 (d,
J = 245.4 Hz), 152.9, 136.1, 129.7 (d, J = 4.0 Hz),
128.9 (d, J = 8.0 Hz), 128.6 (d, J = 14.0 Hz), 124.6,
124.1 (d, J = 3.6 Hz), 115.7 (d, J = 21.9 Hz), 61.0,
39.9 (d, J=2.8 Hz), 34.4,30.2, 14.5, "FNMR (376 MHz,
CDCl;), d: —115.7, HRMS (ESI), m/Z: [M+H] ¥}
WIH 427.2391, SE{H 427.2391,

3-(3,5- T RUT Hk-4- 3R AL )-2- H R -3-(3- R
FONIRCHE (MK ): AR, 77 72%.
'HNMR (400 MHz, CDCly), d: 7.24~7.18 (m, 1H),
7.04 (d, J= 6.4 Hz, 2H), 6.99 (d, J = 8.0 Hz, 1H), 6.95
(s, 2H), 5.14 (s, 1H), 5.07 (s, 1H), 4.23 (q, J = 7.2 Hz,
2H), 2.32 (s, 3H), 1.38 (s, 18H), 1.25 (t, J = 7.2 Hz,
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3H). "*CNMR (100 MHz, CDCl;), &: 167.0, 152.8,
141.2, 138.2, 136.0, 130.8, 129.0, 128.4, 127.7, 125.1,
124.9, 60.9, 45.0, 34.4, 30.3, 21.5, 14.5,HRMS (ESI),
m/Z: [M+H] "B 423.2642, S 423.2647,
3-(3,5-RUT He-4- R )-2- A -3-(3- R )
TR CHRC T )2 7 3 (O PRI , 7= % 70% . 'HNMR
(400 MHz, CDCl3),0:7.26 (s, 1H), 7.24~7.21 (m, 2H),
7.11~7.09 (m, 1H), 6.91 (s, 2H), 5.17 (s, 1H), 5.08 (s,
1H), 4.23 (q, J = 6.8 Hz, 2H), 1.38 (s, 18H), 1.26 (t,
J=17.6 Hz, 3H), *CNMR (100 MHz, CDCl;), §: 166.6,
153.1, 143.6, 136.3, 134.5, 129.9, 129.8, 128.3, 127.2,

126.3, 124.9, 61.1, 45.0, 34.4, 30.2, 14.5, HRMS
(ESD), m/Z. [M+H] Bt {H 443.2096, 52 {E
443.2099.,

3-(3,5- U T F-4- ORI )-2-H A -3-(3- TR AR 5L
NIRCHE (MTm): HEEAHRBA, ™R 74%,
'"HNMR (400 MHz, CDCl;), J: 7.39~7.36 (m, 2H),
7.20~7.11 (m, 2H), 6.91 (s, 2H), 5.18 (s, 1H), 5.09 (s,
1H), 4.23 (q, J = 7.2 Hz, 2H), 1.39 (s, 18H), 1.26 (q,
J=6.8 Hz, 3H), *CNMR (100 MHz, CDCl;), d: 166.6,
153.1, 143.9, 136.3, 131.2, 130.2, 130.1 129.8, 126.7,

124.9, 122.8, 61.1, 45.0, 34.4, 30.3, 14.5, HRMS
(BST), m/Z. [M+H] BLiS{H 487.1591, =Ll {4
487.1595,

3-(3,5- BT H-4- R )-2- A -3-(3- AR L)
N TR (Mn): EGHREAE, R 77%.
'"HNMR (400 MHz, CDCly), d: 7.23~7.16 (m, 1H),
6.94 (d, J = 7.6 Hz, 'H), 6.87~6.83 (m, 4H), 5.10 (s,
1H), 5.03 (s, 1H), 4.15 (q, J = 7.2 Hz, 2H), 1.30 (s,
18H), 1.17 (t, J = 7.2 Hz, 3H), *CNMR (100 MHz,
CDCl3),6:166.8, 163.1 (d, J = 244.6 Hz), 153.2, 144.2
(d, J = 6.5 Hz), 136.4, 130.2 (d, J = 8.3 Hz), 130.1,
124.9, 123.9 (d, J = 2.8 Hz), 115.2 (d, J = 22.0 Hz),
114.0 (d, J = 21.0 Hz), 61.2, 45.1, 34.5, 30.3, 14.6.
FNMR (376 MHz, CDCl;), 0: —112.9, HRMS (ESI),
m/Z: [M+H]"HE1E 427.2391, SCil{H 427.2398.

3-(3,5- U T e -4-FR R IE)-2-HE AR -3-(3-
FORIHNIR TR (Mo ): ¥R\ AR AL, =%
71%., 'HNMR (400 MHz, CDCl3), &: 7.53~7.50 (m,
2H), 7.47~7.41 (m, 2H), 6.91 (s, 2H), 5.20 (s, 1H),
5.18 (s, 1H), 4.26~4.21 (m, 2H), 1.38 (s, 18H), 1.25 (t,
J=17.2Hz, 3H), *CNMR (100 MHz, CDCl3), d: 166.7,

153.3, 142.7, 136.5, 131.6, (q, J = 0.6 Hz), 131.1 (q,
J=31.9 Hz), 129.7, 129.2,125.1, 125.0 (g, J = 3.9 Hz),
124.2 (q, J = 270.6), 124.0 (q, J = 3.9 Hz), 61.3, 45.3,

34.5,30.3, "FNMR (376 MHz, CDCly), §: —62.6,
HRMS (ESI), m/Z: [M+H] B 477.2360, SZil
8 477.2366,

3-(3,5- BT H-4- R R B )-2- A -3-(3- A

YW omE (Mp): EWEEMRBIL, 775 71%,
"HNMR (400 MHz, DMSO-dy), §: 7.58~7.52 (m, 2H),
7.51~7.43 (m, 2H), 6.86 (s, 2H), 5.23 (s, 1H), 5.14 (s,
1H), 4.24 (q, J = 7.2 Hz, 2H), 1.38 (s, 18H), 1.27 (,
J=6.8 Hz, 3H), “CNMR (100 MHz, DMSO-d), &:

166.4, 153.3, 143.2, 136.5, 132.6, 131.6, 130.7, 129.4,
129.2, 124.8, 118.8, 112.6, 61.3, 45.0, 34.4, 30.2,

14.5, HRMS (ESI), m/Z: [M+H]"BEiE{H 434.2438,
S 434.2444

3-(3,5- T H-4- R -2 H A(-3-(3- A AR A
FOYNIRCHE (Mq): HEE AR, 77 73%.
'"HNMR (400 MHz, CDCl;), : 8.16~8.11 (m, 2H),
7.62~7.49 (m, 2H), 6.91 (s, 2H), 5.25 (s, 1H), 5.23 (s,
1H), 4.25 (q, J = 7.2 Hz, 2H), 1.38 (s, 18H), 1.26 (t, J =
7.2 Hz, 3H), “CNMR (100 MHz, CDCl5), J: 166.4,
153.3, 148.5, 143.9, 136.6, 134.2, 129.5, 129.1, 124.9,
122.9, 122.1, 61.3, 45.3, 34.4, 30.2, 14.4, HRMS
(ESI),m/Z: [M+H] BRI AH 454.2336, S2i(E 454.2341

3-(3,5- BT He-4- R ) 2- A -3-3,4-
FEORFL) N IR CBRC M e )z e B AR, 77 79%
"HNMR (400 MHz, CDCl;), 6: 7.06 (d, J = 8.0 Hz,
1H), 6.99~6.96 (m, 3H), 6.90 (dd, J=2.0. 7.6 Hz, 1H),
5.13 (s, 1H), 5.03 (s, 1H), 4.22 (q, J = 6.8 Hz, 2H),
2.23 (s, 6H), 1.39 (s, 18H), 1.25 (t, J = 7.2 Hz, 3H).
BCNMR (100 MHz, CDCly), d: 166.9, 152.7, 138.6,
136.7, 135.9, 135.1, 13 0.9, 129.8, 129.5, 125.3, 124.8,
60.9, 44.7, 34.4,30.3,19.9, 19.4, 14.5, HRMS (ESI),
m/Z: [M+H] FEE1H 437.2799, SEi{ 437.2805,

3-(3,5- U T B -4- R R HL)-2- A -3-(2- 55 5)
PRIR T s ): PR iR , 722K 77% . 'HNMR
(400 MHz, CDCl3),0:7.82~7.79 (m, 3H), 7.65 (s, 1H),
7.48~7.39 (m, 3H), 6.99 (s, 2H), 5.28 (s, 1H), 5.16 (s,
1H), 4.24 (q, J = 7.2 Hz, 2H), 1.38 (s, 18H), 1.25 (t,
J=17.2Hz, 3H), "CNMR (100 MHz, CDCl;), §: 166.9,
152.9, 138.8, 136.2, 133.4, 132.5, 130.5, 128.3, 127.9,
127.6, 126.7, 126.5, 126.1, 125.8, 125.0, 61.0, 45.3,
34.4,30.3, 14.5, HRMS (ESI), m/Z: [M+H] #it (4
459.2642, SZIN{E 459.2647,

3-(3,5-RUT H-4- R OR AR )-2- H R -3-(3- ML IE )
PR 2 FRC Tt ) P 8 R , 77 2R 62%. 'HNMR
(400 MHz, CDCl3), 0: 8.54~8.51 (m, 2H), 7.57~7.53
(m, 1H), 7.28~7.25 (m, 1H), 6.92 (s, 2H), 5.24 (s, 1H),
5.14 (s, 1H), 4.24 (q, J = 7.2 Hz, 2H), 1.38 (s, 18H),
1.26 (t,J=7.2 Hz, 3H), *CNMR (100 MHz, CDCl;),
5: 166.1, 153.2, 149.6, 148.3, 137.1, 136.5, 136.0,
135.6, 129.4, 125.3, 124.8, 123.4, 116.0, 61.2, 43.1,
34.4,30.2, 14.5, HRMS (ESI), m/Z: [M+H] FiE{H
410.2438, SCINAE 410.2449,

(E)-2-(3,5- 28U T He-4- 5285 -3- R NI R £
Fig (IV-a): B @E A, 722 94%, "HNMR (400 MHz,
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CDCly), d: 7.72 (s, 1H), 7.17~7.11 (s, 3H), 7.04~7.01
(m, 4H), 5.22 (s, 1H), 4.30 (q, J = 7.2 Hz, 2H), 1.46 (s,
3H), 1.35 (s, 18H), "*CNMR (100 MHz, CDCl;), 4:
168.4, 153.6, 139.1, 135.7, 135.5, 133.8, 130.3, 128.4,
127.9, 127.1, 125.9, 60.9, 34.3, 30.3, 14.4., HRMS
(ESI), m/Z: [M+H] B (8 381.2424 , SE{Y 381.2431,

(2)-2-(3,5- KU T Fe-4- 3 F)-3- K I NIHTR &
fig (IV-a'): FIEE R, 723 96%. 'THNMR (400 MHz,
CDCly), d: 7.30~7.28 (m, 2H), 7.25~7.15 (m, 5H),
6.82 (s, 1H), 5.24 (s, 1H), 4.19 (q, J = 7.1 Hz, 2H),
1.37 (s, 18H), 1.34 (t, J = 7.1 Hz, 3H), "*CNMR (100
MHz, CDClLy), J: 170.2, 154.4, 136.3, 136.1, 128.9,
128.5, 128.3, 128.2, 127.9, 123.4, 61.2, 34.5, 30.3,
14.2, HRMS (ESI), m/Z: [M+H] BliE{H 381.2424,

SR 381.2431,
2 #R5E

P 1.2.2 RN AM, DL T4%0 75 5545 p-—
FFHIA-a-FERCR TR Ma, ik — 32 &
St S | PO A ap i P BN S N 7231 D@ K
BV RN ] AT B S B0 AT A R Y i R S
Wig.

21 ERKEMEGEHRKL
2.1.1 B4R AR R E AR 8% 0R

VI p-QMs FIE R LR LERVE R N RS, 15
A SR 5 AR | XA TR) A2 ) A Ak R0 1A 7 %
RN 1,

1 AR R e

Table 1  Optimization of catalyst type and dosage
hac HEAL Ma 7=3%/%

1 DBU 74

2 NaOH 62

3 Cs,COs 58

4 K,CO; 58

5 KOH 61

6 Na,CO; 35

7 Et;:N 38

8 t-BuONa 58

9 DABCO 12

10 2,6- KL IE IR
1* DBU 62
12¢ DBU 61

W AR 158.9 mg (0.2 mmol ), 1134.2 mg (0.3 mmol ),
Ak 6.1 mg (&5 T #IRAYEAY 20%, B 0.04 mmol ), DMSO
I mL, 7F25 CHMESE&MF TRV 20 OFSEFR, FH;
@DBU 3.0 mg ({5 I ¥FEMER 10%, BT 0.02 mmol ); BDBU
9.1mg (A7 T YHMER 30%, Bl 0.06 mmol ),

H 2 1 AT, 245100 DBU R b It 2w as i
ek, DL 74%09 7 R0 Hbr = Ma, 44407
TCHLEERE, 41 NaOH. Cs,CO;. K,CO;. Na,COs il
KOH B, SR f= R I B4 m, B were
N 35%~62% (JF5 2~6 ). M HHAMA PR E:
DBU, 1l E;N. -BuONa fil DABCO, =& K
12%~58% (J¥*5 7~9 ), M 2,6-— H JENLAE/E A i
B, OGRTHREN T (J55 10), 5L, LR
Hh BT P 8 LR A T AT 1 52 1 7 2R A 81 R R B 1) 4
L B, sAUAERIE DBU,

Rt — R DBU X N AR & B2, AL
FIURE T (B 11~12), 48 AL DBU
FHEE, 4391k 61%F1 62% 1Y 7 4k 15 H bR ™= 9,
PRI AL, b, #E DBU MfEM &N
p-QMs W5 1) 1 20% o
212 BERAEERASH RN Z R0

e TR S R B e, XA R T i ik
ZERINEE 2 Fras. g 2 al A, A PEE R T
%7 MeCN. DMF #l DMAC {t# DMSO, /=% Jf
WHRE, 288 60%. 68%FH 27% (F5 1~3 ),
24 THF fEWERIR, PR EE 43% (J¥5 4); DU
HRNFEFIN, MR ENEEY (F55); U
DCM NEFH, FERAUH 45% (F5 6 ); UL EA NI
A, FEERIAE 8% (JF5 7). Hit, DMSO &%/
IR LR ZER SIS

HRAAGY (1) AEX RN ER (JF5
8~10 )25 2, MHEAI AW H =N 0.3 mmol B,
SN2 R T4%; S H 5N 0.2 mmol B, S
FEERE N 48%; M ER N 0.4 mmol B}, j=3%
K 69%. HULFTAL, HA AW G sls AR
B0 s = AL, WE A S e R

0.3 mmol,

F2 WA AEALESYHIREL

Table 2 Optimization of solvent and the amount of diazo

F5 I /mmol sl Ma ;=% /%

1 0.3 MeCN 60

2 0.3 DMF 68

3 0.3 DMAC 27

4 0.3 THF 43

5 0.3 H o SR
6 0.3 DCM 45

7 0.3 EA 8

8 0.3 DMSO 74

9 0.2 DMSO 48
10 0.4 DMSO 69

W W& T1589 mg (0.2 mmol), DBU 6.1 mg
(0.04 mmol ), ¥ 1 mL, 7£25 CHIZS %M FRM 2 h,
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2,13 SRER
NIRGE B ZR AP ZR R B AL B, X% O

WRIIT— RIS, 2558 03% 3 iR, H
2% 3 A, MR RAEEE, A  Hisrewae

B, VLA BRAEIZ S N R A BEA s W s AU
e RS, SOV IR 42%; Y I i EE
25 °CTFl 40 °CHY, JRIFEFN 70%, PHIas <R
B 25 °CoMF T By RN A8 SR T - o 24 sz o st ] 4
WM IThEIERK R 3, 51206, Hir=Y Ma iy
FEEN I L DI, 12 B A R 1 e A S B[R] R 2 e

3OS

Table 3  Controlled experiment

e i [ /h HEAEF WEEeC  Ma % /%
1 2 7 25 0
2" 2 DBU 25 42
3 2 DBU 40 70
4 1 DBU 25 57
5 3 DBU 25 70
6 5 DBU 25 72
7 12 DBU 25 73
ORAEAIHEMNT .
22 RYBHE

T ERRERGT, R p-QMs BEEME,
TG T AN TR AR FEAE 55 R 1 A [RIASE B % 2 o7 )
R, SEHE 2 R

rCOzEt DBU (0.04 mmol)
_— >
| DMSO, Air, 25 °C, 2h
R

N,
CO,Et CO,Et
N,

]]IfR 2-Me, 61% 111kR3Me 2%
M1, R=3-C, 70%

m, R=3-Br, 74%
In, R=3-F, 77%

Mo, R=3-CF;, 71%
Mp, R=3-CN, 71%
g, R=3-NO,, 73%

OH OH
Bu Bu ‘Bu
O CO.Et CO,Et | N CO,Et
NN

1(0.2 mmol) I
‘Bu O Bu
CO,Et
O N;
R 2

Ma, R=H, 74%
1M'b, R=4-Me, 74%
T c, R=4-OMe, 70%
1d, R=4-Br, 75%
IMe, R=4-CN, 72%

Mg, R=2-OMe, 60%
I h, R=2-Cl, 66%
i, R=2-Br, 61%
Tj, R=2-F, 63%

1, 79% s, 77% 1Mt, 62%
K2 p-QM Y iE HIVE R
Fig. 2 Substrate scope of p-QM

& 2 AT, CYECIEFE IR Y p-QMs 1Y 55 PR %)
i, 25873 (Me, OMe ), W T34 (CN)
PR (Br) SR b % A 1,6- 3588 i s b
HAp B = KA E5) 70%LA F (MMb~TTe ). 4HUL
FETEIRY) p-QMs (5 FRARAIRT, 453551 (Me.
OMe ) MK & (CI, Br. F) 3ZFI4B4; 45 [A] (7 BH i 5%
Wi, HARP I 50 B 7 R T FE R 60%~66% ( TE~11j ),
MR ITE IR AL, A H TR Me, W E
(Cl. Br., F) By 5P =5 & (—CF; ).
EHE (—CN). % (—NO, ) HIREMF) 1 % A= 1,6-
LRI, A 70%~77% 0 7 2245 S A0 1 (49 72 4
(Mk~Mq). Ah, —HIEBUCHTEENKY, &
R M F2RA 79%., FLHEE5H B 5L
WS 5N, RN RAEAZEEm, L 77%0
B RARFA RN IS Ws, BAh, YZRFRBC I
TS ST, 1320 B AR Mt 19775k 62%. L
WEERR, 5 AN BER BB T KKK
W B - AT RS, e S0 7 SR AT B (2 A5

SRS LR8O RS BELAROR XoF S R A R T, AR
SCR A T 5E S S0 B T30 UE , W S5 0T Y 2 1
Ib. le 5ERLMROBEIRG, fERIESR ﬁD—F AT
KR, @I PE ] (a(b) = n(lle)=2.28 : 1, i
if "THNMR 3 me%me%ﬂ%ﬁﬂ%ﬁ%ﬂ]T
AL, SR R T N AT o R AR R O s,
TEFEXT L FAR AL B A (OMe) JEW S EALS
VIR, PEUIR R n(Me) = n(Mg)=1.73 : 1, i
A 2 [ 57 BH R AR 5t 2 i A, il 3 fToms

‘Bu

u B
O™ com .
N 7+ ( DBU (0.04 mmolg n(Il b) : n(1l e)

O N, DMSO, Air, 228 i1
NC

25°C,2h
I b(0.2mmol) I e(0.2mmol)  II(0.2 mmol)
(0] (0]

‘ ‘Bu  ‘Bu ‘ Bu

. (COZEt DBU (0.04 mmol) (1l ) : (1l

O DMSO, Air, =173 : 1
OMe

25°C,2h
I g (0.2 mmol) II (0.2 mmol)

K3 eSS

Fig. 3 Competition experiments

MeO
I ¢ (0.2 mmol)

23 WmEPRMER

RARRZA WO B AE R HYE, XS T T
Wﬁ%?ﬁh TEAESRNME T, X H SRR ((4-
HEE I HE-2,6- U T BL-2,5- 30 0 - 1-B ) A
K2 255, HIBEUE AL IRIET, X Ik 44
eV A AT IR, WA "THNMR YR
A7 WS, B S LR B[R] R S by DL 75% 09 7= %45
FHAR =Y Ma, FKHIERABORA KT HE
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24 TTHEXWERDH

T REEREMAL T, A AEE T, s mk
KR, S - Ak -a- HA LR OBES 50 R
BN LN 2 D R R 1,2- 05 BT R A D R
I AT B IR TR AR ( IV ). AIRFTAT A A S50 1 d
FERRL S, 43 % R B RR 5% [ Rho(OAc), ) ]
i RO () DA BE AT AR, A5 AR LR 4,

x4 AR R
Table 4 Optimization of derivatization reaction conditions
OH

Bu ‘Bu OH
C -

Rh,(OAc),, Toluene

O CO.Et Temperature, N,, Time ” O
=
N, CO,Et

Ma v
T8 AR BfEA ERESC K% Z:E
1 5 10 100 88 1:6.4
2 10 10 100 82 1:6.4
3 15 10 100 86 1:64
4 5 12 100 94 1:6.8
5 5 8 100 93 1:57
6 5 4 100 82 1:54
7 5 2 100 93 1:3.1
8 5 2 60 85 6.0 :1
9 5 2 40 96 12.0 : 1
10 5 2 25 IR -
W W R Ma 81.7 mg (0.2 mmol ), Toluene 2 mL,
RS TR, AT E DL M a 5T Y 0 ol B

22 4 0] WL, HEAEF] Rhoy(OAc), N 5%.
M10h i, Ll 88% (Z: E=1: 6.4) M= H3545 A b
FECTT 1~3), R, i AR A A B R 5%
£27 S A h N [ w8 VA A 51D B e 8 05 - A1 S 9572
NEEFEIZR 5 12, 10, 8, 4 FI 2 h i, FEN 94%
(Z:E=1:68), 88% (Z:E=1:64), 93% (Z:
E=1:57). 82%(Z:E=1:54)f93%(Z:E=1:
3.) (5 1, 4~7), Z5RFKW, G, Z
KAGHY =B s . Rk, %= Y] fe e o)
T2 M 2 sa s il il o i, VIR 2 h,
Fo VR o AT L B S R AS T K e il 1y Z XA B =)
(J¥%5 8~10), SHUEAM AT, MR R 40 °CHY,
BERELL 96% (Z: E=12.0 : 1) WP HIRHELL Z XM
R F 7= .

25 HIESH

FRAGIT AL, FIFH "THNMR 2847 A7
Wi A, G5 FANE 4. 5 R o i AN [ i R) B
FE, WM =815 p-QMs FYIEAE H KT I b E /R, 24
JREESTE R 2 b B, HAFR ) (55.09 4b g ) 1)

LR B A o A MDA AZ R 1) 0 L EE AT L
i, MBI, R (6 7.58~7.43 Ab I )
SxiE— 25 RS B th i i LA AR Ak,
R, B R SN A B AR ] A 2 he

Ll L S
6.5h |
. :u_'l - RN
3.5h. N n N L L L
| 1 | A .
2h |
T T W
1h L
I Q,.M.‘J T !' N, .
30 min I |
| Ly | LV
10 min | |
i AW
0 min

908580757065 60 55 50 45 40 35 30 25 20 15 1005 0
5

K4 M p-QMs FY (R L Bl 8] P 22 £k
Fig. 4 Peak ratio of product to p-methylbenzoquinone
changes with time

25§

n(p-QMs)/n(F=4))
s o B

e
W

.

0Fr

0 051.01520253.0354.0455.05.56.06.5
it fEl/h

K5 n(p-QMs)/n(7 1)t 6] 242 fR i h 26
Fig. 5 Curve of molar ratio of p-QMs to products as a
function of time

BT LR S g RO SCERHGE D, R T R
f S B HLEEANTE 6 BT

OH
Bu ‘Bu
(0]
Af OEt
N,
Ma

(0}
o H\H)kOEt
Bu Bu N N,
0 I
? i
Af OEt §0
B 2 Bu Bu O
\ M OEt
* | 4/ N;
Ar A

1
K6 nlRERY SN HLER

Fig. 6 Possible reaction mechanism
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1E DBU fEfL T, HAHE LR LM TR L TIE
IERP R AE T A; 5, FHEKA ST kE
1,6-SEHE PR AR S A, A5 B B 4 0 2 1 B B
TR Adr -9 la, DBU fEiZid bk
A, SE LR i

3 #it

AL DBU MEALH], ERFAET, 4 1.6-
IHE IR N B AR SRR, AR — R Z BUR )
f-— I A -a-BR LR OB . Tk fLFI R
FHAR 0 IR B 45 R 0 RO R, TR E T %
F N AR 454 DMSO (1 mL) fE¥%#]. DBU
(0.04 mmol ) YEAEALF] . 25 °CF W 2 h, HAR™
Yrr= Rl ik 3] 60%~79%, P T 20 FORRIBUCHY
p-QMs,

5 SCHRARE" A L, AT AR 5 R A i R
AT SRR, TR AN A AL, I LSO &%
L5 AF R A i A — 30, A 7)o ) 4 R A AU
KM FFAR T BN RAS 1 LA S5 Ab B A T oA
BRUIT TR A e, oG T AR RS A AR 390 14 i Ak P 45
[, PHIE, %A B IR BT A

it — 2 UE B2 s B AV AE R SE M, R
A%t JANE S 56 R S A A s i, 43k 1 ok
SCES =Y G Se Ak, IR LRI B e R AR R T
FARE =Y %0 p-QMs 19 1,6- 2140 & 4 FF 3Lk
DAL T SRR A BRAERT R . iR S iE
R AT (3R 1

S E 3k
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