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Abstract A novel synthesis of aromatic aldehyde from arylmethyl azides has been explored via base-mediated N,-extrusion
and hydrolyzation. The effects of bases, hydrolysis conditions and the amount of base used on the reaction were also investi-
gated. Benzaldehyde was isolated in the best yield of 83%, when the reaction was carried in N,N-dimethylformamide
(DMF) and catalyzed by -BuOK. Meanwhile, a variety of azides were investigated, and it was found that substituted benzyl
azides could give the corresponding aromatic aldehydes in the yield of 38%~87%. The reaction of heteoaryl methyl azides

was less efficient. According to the controlling experiments, the mechanism has been quitted.
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KRS IR . BB SCHR B, WA T 2 B U
Rt RPN RN, I B R S
RCHT IR AR, RN, 125N PR G T I < AT AL
R, PRt FATR BRSNS 5N 07 & R %
REMRSEAL S, U Eq. 1 P,

N3 0

A 1 (1) base, solvent 1
R X

R-ghet ——— Mg "
= (2) acid, H,O =
1 2

1 ZR5TR
1.1 RMFHHK

5, DA S BN RN R REAT I B 5% A A
th, HEALEE R 2 1. 24P 1.0 equiv. -BuOK {ER&, N,N-
— B L (DMF) A, EE A KRESR AR
. 10 min 5, SHERZNTRI, FESRC TSR
SN KK, RS 43 25 21 > f K FF S (Entry 1),
2 FH S TR K A0 K SN FF iR 4568 10 min, WU A 2%
PRI BRI AL 20 B 3, F= %63k 83% (Entry 2). Fifi)E, H
TR T RS G, 448 F — H ILBR(DMSO)FI - N-
FH 5 1 1% J6 T (NMIP) A/ DR i U, s B 0% B B2 R B8
(Entries 3, 4); 24 R EE o8 DU AW (THE) I,
Rl ) DMF A FIE S B K (Entry 5); DAFROR,
CH;CN. fUT B (e-BuOH)E N e RIS, ) A A R &
(= A I B (Entry 6~8). BiJE, LLDMF AVEF], %
T AN[AIBET s S AL AT BN RTRL T AR A R A
FRESERAERN, (HREFERIER A KA, Bl
fEREK S BT[] 22 1 h HANBE 5843 ) M. (Entry 9, 10). 1M
SALENFIRER A NI, R B E LT AR N (Entry 11,
12). ATRERIJE RS ~BuOK BRcPE B o, i A Bl bk
BT ¥ -BuOK A EEKAZRE 0.5 equiv.fl 0.3
equiv.if, A8 DL = S 2645 2128 HT % (Entries 13, 14).
Bt — k> -BuOK FIFIEZE 0.2 equiv.if, ML
KR BE PR, JFORHR 584 ML (Entry 15). 1M FRAR & B
BER 0 CH, MR EA T, % FiTd, &
FE B 26442 LA DMF A7, 0.3 equiv. -BuOK 1E
MAEALF(Entry 14).
12 KRYEREEEE

TE AR R LS5, AT RN B T 42 38 B
H, ZMEENEMHHLR, GRNE 2 fos. B
KT A ZMIRENFRESEAEY. LI T
LI, O R R B (Entries 2, 3); HEURIE N KR,
NP GE RIS 87% (Entries 4, 5), [RINAIALE fE X}
SN2 [ A BHES/N(Entry 10); 24U A H AL,
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Table 1 Base-mediated the extrusion of diatomic nitrogen from

©/CHO

benzyl azide to synthesize benzaldehyde”

©/CH2N3 (1) base, solvent
_ =
(2) acid, H,0

1a 2a

Entry  Solvent Base Yield”/%
1 DMF +-BuOK (1.0 equiv.) 30°
2 DMF +-BuOK (1.0 equiv.) 83
3 DMSO +-BuOK (1.0 equiv.) 46
4 NMP +-BuOK (1.0 equiv.) 42
5 THF t-BuOK (1.0 equiv.) 80
6 t-BuOH t-BuOK (1.0 equiv.) Trace
7 CH;CN t-BuOK (1.0 equiv.) Trace
8 Toluene t-BuOK (1.0 equiv.) Trace
9 DMF t-BuONa (1.0 equiv.) 46
10 DMF t-BuOLi (1.0 equiv.) 33
11 DMF NaH (1.0 equiv.) Trace
12 DMF Cs,CO; (0.5 equiv.) Trace
13 DMF t-BuOK (0.5 equiv.) 82
14 DMF +-BuOK (0.3 equiv.) 82
15 DMF t-BuOK (0.2 equiv.) 56
16 DMF -BuOK (0.3 equiv.) 807

© 2017 Chinese Chemical Society & SIOC, CAS

¢ RS EIR R, 1a (0.266 g, 2.0 mmol), B, 74 mL, % 5 min J5,
BINESIR K IR [25%, V(HOAC) & V(H,0)=1 : 3]4 mL, #i#: 10 min; 435
P © BLHEIK AR R ¢ 7E 0 °C 4 TR

SNATIRE AR 45 3R, 72 2 BT B, 2R3 B
ik 3 5k s S B MR A /N (Entry 7). H 24U 3y = &
FEFRSIERS, ] -BuOK JUFXELL SR P24, &
FIE e BT I, U -BuONa 1R, AHR
PRI B R, AHE P RIK (Entries 8, 9). 1,4- &%
LR RE R AR RN, 19318 g, PRER, Rf
38% (Entry 11). 2-B % FIEMLIE AE R AE N, PL 56%HH
RIS o-MHE S (Entry 12). 2-S R LRI, 2-8
G FH BRIy A 2-78 50 R R MR 114 s I8t 4 A 9T (Entries
13~15), REHHRESTBRRBEIL, (HRH 2-Eyy i
BB 3. it — 0 iR R SRS R, A
BRANEGYEHEER. E¥ESEWH T A (Entry
16), BIf#H 1.0 equiv. -BuOK Wi 24 h, 54 &L= 4,
BATANGEES R L o-H BRYERS SHA K EZKR
N [FRE, FORESEWILE KA ZK N (Entry 17). 24
o-B B LW T RS I, B AR 8 B /AR
B, AR BB BIEE (Entry 18). T a-FRIEIFM,
ZALE Y 5 T 025 B R L 0 fi Y, A At
AL E ) NaOH, K,CO; AW %2 B SR, (HAL 53
BE RN EY), TEERI AR, &5, o
BOARP T, NIRRT, LL 78% M= R 522K 4
i (Entry 19).
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Table 2 The reactions of different azides under -BuOK-atalyzed
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N3 (1) t-BuOK (cat.)/DMF, r.t. ¢}
r17OR2  (2)acetic acid, H,0 R'” "R?
1 2
Entry 1 2 Yield®/% | Entry 1 2 Yield®/%
CHO CHO
v 9] v T
1 @ 83 11 Naﬂ oHe 38
2a 2k
CHO N
2 g . /©/ 2 | 12 [ L 56
HaC HsC N7 N ';I cHo
2b
H,C CHO
HsC 7\
3 \©/\N3 \©/ 81 13 @\/N3 QCHO 46
2¢c 2m
CHO
/N
N
4 /©/\ ’ /©/ 87 14 B QCHO n.d’
Br Br 2d o 2n
CHO I X
. . Lo o
> C|/©/\ cl 83 15 |N/ Ny N“>cHo  nd.
2e 20
CHO
N3
6 /©/\ /©/ 75 16 n-C7H15N3 n-C7H1sN3 (2p) nd?
H,CO H,CO of
CHO \ o
N3 3
7 /©/\ /©/ 81 17 O/ g n.d.?
H3CO,C H;CO,C 2% 29
CHO o 0
N3
8 /©/\ /©/ 73¢ | 18 Ns CcHO nd?
F4C FsC oh
2r
CHO Q
N
9 /©/\ ’ /©/ ¢ | 19 N, 78
ON O,N
2i 2
CHO
N3
10 84
Br 2% Br

¢ R REFAE: ZEIRF, 1(2.0 mmol), -BuOK(0.6 mmol), 7 4 mL, /5 5 min &, MIABSER/KIEW[25%, V(HOAC) : V(H,0)=1 : 314 mL, $i$k 10 min; * 43
B9/ %; ¢ 1-BuONa (0.6 mmol); ¢ ~BuOK(2.0 mmol), 24 h.
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MR

RSN SE T, FRATHE R B B SN BOR
I, U L, IR A S AT R R
MRCT AN E AN B R IE R, RN FUR U
R, AR ONAR R Z TR, RERERBRIE R, Bk
RiF=RE A 50%. = HEK, TR RIS TR
UM 5 R ST T, FRATSCR R SR, K
FBA M DMF BRZ& 2T B4 DMF %)
o, R BLRFIHEEEAT, [RBEE AL E] 80% (Eq. 2).

(1) t-BuOK (0.3 equiv.)/DMF, r.t.
PhCH,N;

.. PhCHO @)
1a (2) acetic acid, H,O 2a
(2.66 g, 20 mmol) (1.80g)
(added dropwisely) 85%

1.3 RMNIESH

P SCHRAROE, o- B BB ERRAE F R B H 2SO RO
BAEE T BB RS S, BT AR
BRI B U B AU B AT RE P E B L (E
AL T IA R AL R U T B TR ER. A —
T, RIS min 5 FHKBEEEKR, RN EL G
A, HUA /bR IK R A4 & R 2. @
GC-MS 7 #7, TATKIL, FESEWE KR, FRIKFEEL,
FE LAY B FibEY €. Hrb, B EoRibs
Y B G fr LA 209, &) C HISEIE N 298, T
FABSRR KIS MoK R G 2280, A AR R, (e B fl
WA CHTE k. AN, (LAY B LAY C 2T
(R 4E-E, G5AUn Scheme 1 TR, it & Bont EE,
&Y C SRR 1,3,5-=358-2,4- % 2&-1,4-
IAE AR A B R WLSCERRIE, T LAY B 1
AR RBERRT), WRELEY B Rtk E. [FR, 78
1.0 equiv. +-BuOK %M F, WA FRIM R, 2% b

PhCH,N; PhCHN; Ph A

t—BuOKq l_Nz HB:lN —

t-BuOH Ph\?N_ PH g Ph
T H*, H,0

PhCHO

B 1 RS RN UK G R R 1) s S A
Scheme 1 Reaction process of Nj-extrusion/hydrolyzing of
benzyl azide to synthesize benzaldehyde

100 http://sioc-journal.cn/

© 2017 Chinese Chemical Society & SIOC, CAS

Pk, FHESEAEII BRSNS R Scheme 1
Fion. B OB KA 12 h, BIR AP IERE
ozl 1) 2,4,5- = R FEDR IR (D) A 2,4,5- — K EEDKIEA(E),
HE— B A bk R R Al

2 i

K JEAVESL T BT BTG TR 07 F B B U )
FIREMTTER R AR TTIE. SR, JF SR
WEDRA T — R B U . 5HAN SR EY
RIS 5 5 I DT B ST, 1207 R
FPRE, SR AR A, HAS T PR A A,
AEHAREAM. @I GC-MS % s B ) A4 A7 A
AT, f87n T RSLRE, FFRH T SN ALEL

3 IS
3.1 X5

R AR 6 R 4 FH Bruker AV400 {85052, LA
CDCL; %5, '"H NMR LLTMS 8¢ CHCL; AbsiE. <
156 A A3 FH 56 [ 22 3848 A 7] 7890A/5975C-GC/MSD.

BT BEE L BUT R BCT EEEE . SN SE 01
BT H RE AT, DMF. DMSO. THF, f1 (30~
60 C)FI TR £. 18 %5 ¥ 77 35 o [l 26 5 4k 243850 R
ANFIFEE. 57 R AR S A B T R
Fo( LA BRAF]. HA R 9 i KA AR R AL 2
WA AR (200~300 H)IWE S
WITARAT. REFIE bR T 5T oK b 5
flH, HABERIR S A E A .
32 ZWHE
3.2.1. & RALLS e H &

7] 25 mL [FJE LA X847 5.0 mmol. DMSO
10 mL, #iE#E FIASEALEN 15 mmol, 7E 80 CHI#k 5
h. RMEWR G, RN R, TN B
50 mL. 7K 50 mL, #R¥E3W, 4 HKAH. A HAHHKBE
¥(15 mLX3), FHEAE KR —R, KRR
T, JEBRTARAG, AU IS e 28 kAR KA L
T, SRR IS E AT o B LG MR e A R S 2R
ZEREVE(V T V=20 : 1~10 : 1)], 155|F=4l'.
322 EAARMASWBLALE

WA REF 1) 10 mL BERBEIR T IIASE &Y
2.0 mmol, Bl IIATCAKIETR, FER-E R PR R 2SR
1, BB NP A S RN -BuOK (0.6 mmol). J%
MAEZER T 5 min, S8 I NESER KGR [25%,
V(HOAc) : V(H,0)=1 : 3] 5 mL, $#ii#: 10 min. KIES
W N R R, NN 2l 40 mL, /KPR (1S

Chin. J. Org. Chem. 2017, 37, 97~102
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mL X 3), HAUHEHEAE KPS (S mLX1), JoK
TRERAA TR, VERRTERN S, AU IE T e s 28 R A BR
FANUER, Fe R ie A 2 A 43 85 (66 W7 A i ik
5 OERIREERWV - V=100 : 1~20 : 1)], 55
Y. BT e e s &, ISR G R
W, 5 SCHERXS IR

FKHEEa)!': LA "H NMR (400 MHz,
CDCls) 8: 10.03 (s, 1H ), 7.89 (d, J=7.2 Hz, 2H), 7.64 (t,
J=172 Hz, 1H), 7.34 (t, J=7.2 Hz, 2H); *C NMR (100
MHz, CDCLy) d: 192.3, 136.4, 134.4, 129.7, 129.0.

4-H I OK RS 2b)!'T EEAR. TH NMR (400
MHz, CDCly) 6: 9.96 (s, 1H), 7.77 (d, J=8.0 Hz, 2H),
7.33 (d, J=8.0 Hz, 2H), 2.44 (s, 3H); °C NMR (100 MHz,
CDCly) 0: 191.9, 145.5, 134.2,129.8, 129.7, 21.8.

3- 5L 2 T (20)'7: B K. "H NMR (400
MHz, CDCl3) 0: 9.98 (s, 1H), 7.70~7.60 (m, 2H), 2.42
(s, 3H); *C NMR (100 MHz, CDCl;) §: 192.5, 138.8,
136.4,135.2,129.9, 128.8, 127.1, 21.1.

4-RZEHEEQA)!: [k, B 67~68 C. 'H
NMR (400 MHz, CDCl;) &: 9.98 (s, 1H), 7.74 (d, J=8.0
Hz, 2H), 7.68 (d, J=8.0 Hz, 2H); *C NMR (100 MHz,
CDCly) 0: 191.0, 135.0, 132.4, 130.9, 129.7.

4-SEEH R [k, 1t 46~48 C. 'H
NMR (400 MHz, CDCl;) d: 9.99 (s, 1H), 7.83 (d, J=8.4
Hz, 2H), 7.52 (d, J=8.4 Hz, 2H); *C NMR (100 MHz,
CDCly) 0: 190.8, 140.9, 134.7, 130.9, 129.4.

4-FAEFE RN LMWk, 'TH NMR (400
MHz, CDCls) 6: 9.88 (s, 1H), 7.84 (d, J=7.2 Hz, 2H),
7.00 (d, J=7.2 Hz, 2H), 3.89 (s, 3H); °C NMR (100 MHz,
CDCls) 0: 190.8, 164.5, 131.9, 129.9, 114.2, 55.5.

4-HEFRFE R EE ) AEEE, HA 6163
‘C. '"H NMR (400 MHz, CDCl;) d: 10.08 (s, 1H), 8.18 (d,
J=8.0 Hz, 2H), 7.93 (d, J=8.0 Hz, 2H), 3.94; *C NMR
(100 MHz, CDCl3) d: 191.5, 166.0, 139.1, 135.0, 130.1,
129.4,52.5.

4- =G REEZEREECN)!: LA "TH NMR (400
MHz, CDCl3) 6: 10.10 (s, 1H), 8.01 (d, J=8.0 Hz, 2H),
7.81 (d, J=8.0 Hz, 2H); *C NMR (100 MHz, CDCl;) o:
191.0, 138.6, 135.6 (q, J=97 Hz), 129.9.

4-T LR R DT R B AR, KBS 103~106
‘C. '"H NMR (400 MHz, CDCl;) 6: 10.17(s, 1H), 8.40 (d,
J=8.0 Hz, 2H), 8.09(d, J=8.0 Hz, 2H); *C NMR (100
MHz, CDCls) d: 190.2, 151.1, 140.0, 130.4, 124.3.

2-BRZEF RS Ttk "TH NMR (400 MHz,
CDCl;) 6: 10.36 (s, 1H), 7.95~7.90 (m, 1H), 7.70~7.65
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(m, 1H), 7.50~7.40 (m, 2H); “C NMR (100 MHz,
CDCly) 8: 191.7, 135.3, 133.8, 133.5, 129.8, 127.9, 127.0.

X R EEQK: AEEA, BA 115~116 C.
'H NMR (400 MHz, CDCl5) &: 10.14 (s, 2H), 8.06 (s, 4H);
>C NMR (100 MHz, CDCl5) J: 191.4, 140.0, 130.1.

2- Mk mE R 2017 AR, TH NMR (400
MHz, CDCl3) d: 10.10~10.02 (m, 1H), 8.80~8.70 (m,
1H), 8.00~7.81 (m, 1H), 7.53~7.45 (m, 1H); °C NMR
(100 MHz, CDCly) §: 193.3, 152.7, 150.1, 137.0, 127.8,
121.6.

2-E Wy % 2m)!' 7 R B WA, "TH NMR (400
MHz, CDCl;) §: 9.95 (s, 1H), 7.83~7.73 (m, 2H), 7.25~
7.20 (t, J=4.0 Hz, 1H); °C NMR (100 MHz, CDCl;) ¢:
182.9, 144.0, 136.3, 135.1, 128.3.

KW @s)M: LWk, '"H NMR (400 MHz,
CDCLy) ¢6: 8.01~7.93 (m, 2H), 7.61~7.50 (m, 1H),
7.50~7.42 (m, 2H), 2.60 (s, 3H); *C NMR (100 MHz,
CDCly) §: 198.1, 137.1, 133.0, 128.5, 128.3.

HBh# Rl (Supporting Information) Hirfb &%) 2a~
2s [f] 'H NMR, "C NMR FIUs IR 157 . X Leh4
AT PL A B MAS T WX 33t (http://sioc-journal.cn/) | N K.
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