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FlEA, FHA, Z5F, & #H
(L. RN R 22 W7 AR J M S S0 &, WL WM 3250275
2. BRVE R K 2 B AL = W 5E BT, BRVE J8FH 712081)

B OE. RN TIRERARETRPEEZRMAS WKL O-NMR 2B AN, 6.,(70) =
337.3+po+Am+Ap, HYE 52 FBURIEH R HEERAE WY 52 NHkIEET O-NMR fb2: 4 5%
o, o 2Rk T B A A /N Rk S 22 MH T I AR MBUNEE S, [l A4 R IR
RZAXGH SR EEEN 99.5 %, HHMAS SR MmME A6 7E 5.0 LN ~100 %.

KW TO-NMR; b0 BUREERON ; K H R H s Pkt
FE S ES, 0482.53 XEkARIRAD . A

FIA R 5T B 72 U 2R H R TR . HCFR 2R 2 A 3 AR A 3 R 45 05 3R Ll A & AT
REFEM AL AW, 9205 IR & E D REFE AR A BRI U ER I, Ay i 20 23 8] 437 BHL A
IR R RG2S 5 05 A 1Y o B 1 O B DY SR OFTE . R, RS A
AE L 1h 5 5 PR 1 19 e S FRVEFL M 0(torsion angle), 0°<CO<C90°, X PR &R B FR1E
SRR T 0 BB E M AT ERT O-NMR b0 8 AR (L T BE A —Fh G
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s H, THBEREMY O-NMR {2407 B Bt 41 f (38 hn ) i 5 88 sh . B P= 2k B /e .
W N-CBEAR A 1, 2- 15 L=, THREHAY" O-NMR Fb 408 Bt 41 £ 19 54 i a1 4% 3%
Fegh, B A kB, A BUR RS AR BRI 2 A

FESF TR, BIE O-NMR b 24 067 8% X oL 7 000 1Y) SIORR M 24 2 B a0 0 T . k3
TO-NMR 20 B S HLA B AR N 0.7, MIERE r=0.997, HHAN o C 5
0 B SCAREE N 0. 43, MR r=0. 992, Xt — R 5 BUR K B g H S 0 9 & B, U 4
[ O-NMR 12 050 B G 41 #0028 Ak S B508% . & 55 4 A 0 A DG R R 29 O B 40 5 4 f
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01 (TO) = 337.3 4+ Ao+ Am + Ap
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XA Aoy Amy Ap 73R PR W R AR R B AEAR AR AL b O AE i AR 2 B (L
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Table 1  Substituent parameters adopted when calculating " O-NMR chemical shifts

of carbonyl groups in substituted methyl benzoates

Substituent parameters/ppm

Substituents

AoV Am® Ap®
—CHj; 21.0 0.5 —2.6
—CH;Cl —® 1.1 0.9
—CF; — 3.0 5.7
—CN — 3.7 7.3
—COCH; — 1.6 4.8
—COOCH; — 1.9 5.4
—F — 2.6 —1.3
—Cl 21.6 3.2 1.0
—DBr — 3.1 1.3
—1 — 2.6 0.7
—NH; — —1.2 —14.5
—N(CH3) - —1.0 —14.7
—NHCOCH; — 1.6 —3.5
—N=NPh — 2.2 4.8
—NO, 17.0 4.2 8.5
—OCH; 17.5 0.5 —6.7
—OCH,CH; — 0.9 —7.3
—OCOCH; — 1.2 —0.6
—S0O,CH; — 3.1 6.9
—S0O,;NH; — 3.3 6.5
—SO.F — 5.7 10. 1
—S0,Cl — 5.7 10.6

(1) Ao FrRAE T F5 370 15 2= 4807 14 5 7 s U FE WIS R 280 (2) Am R AL T R7 155 185 22k 1] {3 19 J5L 7 sl B AR

NS HG (3) Ap R TRt 5T BRSS9 J5 T s BARIE 280 (b

% L G 0 AR



54 3 i AR A U R H TS AL O-NMR b2 (i B T 50 481

PL 52 Fl BO 4 R R B 9 52 N R-FET O-NMR Ab 2207 B 8 g REAS s 28 2 (D) 15
MUHR SR, HEFEEN 99.5 %, HHEHES LW M52 0. 02, iR 2 H
0. 69, THRAMH 5 SC50 1A 1Y bb e DL B . b ik B0 5 SE 00 (B i 22 A0 7F 1 LA I o i
TO-NMR 122 B A 50 (2905 96.2 %), 16 3 LAY 51 (205 98.1%), 7E 5
DA 52 A~ G 100 %), U B A 30 (1) BE % L 2 ok ) 1k 35 BOAR 2R P IR 1P R v ok 3 1
TO-NMR fb2= i #.

1 it

JUAE A D) A B i RO 58 i B 28 AR A i R EE S BUER AR 58 4, RS2 R T
AR R R R T /R &R, H 2 HARA PR i IR B SO B € . (HXT R Z
25 AR BN R E R PR 2R S W ok Ut . A2 W3 FEAG BEAR A7, BEAS [ Al if
1y sz B IR, 358 6 JROAR 2 B R R P T O-NIMIR A 2% 5 8% 52 i) 1) — fse AR A

(1) RHFREEFEREE A O-NMR fb 2% 07 830 [ BE A AE 340 2247, 53 G iy 18 o 5
TO-NMR 1b 24467 B 1 5 3 — M . U B 2R B 5 B Ik 7 A 1 ik — 25 1 S 0 B i A .

(2) TEARI BRI — ™ Az L Bk AR T, S BOR WL W R A O-NMR b2 £
R SL R WL 1) 137 5 F 0L A B iy X 67 BBOA R — 7™ A e i VR A R g BB — e A
WA 5 a0 BUAR A P 55 5 X (o7 BROAR 3 et BT R 2 Y R I B 56 917 O-NIMIR fk 22 %
oA, IR R R AR T FEAERT SR U A 5 i T2 B A (AR A 45

(3) ¥ 2 PR IE B HS Hammete #5000 Hode, nf LIS 3.

Am=5. 719, +0. 1804, r=0.91(18 NEHE ) ;

Ap=18.1875,—4. 1759, r=0.93(18 HH &5) ;

Ao=20.9854—4. 53225+ 0. 28005k, r=0.51(4 N 2 ;

Am=0.151945. 86560, +2. 51640x, r=0.93(18 NEHE ) ;

Ap=—1.3618+12. 265354 23. 08860, r=0. 97 (18 HHE 7).

M A HE T LA, o - BRI A DG MR 22 . m - L p - 50 B A8 AH G P A 4
B om0 B 7S A0 Y BT BRI KT BN L T p-for AR i S B AL 14 BTk B 5 R
TiERRN. X 5H7 AR A ZE R -5,

(D) LL Ao"O) . Am (T O) . ApCTO) 43l KR BURFE GG L ] XA OO % T iR
HER A O-NMR fL# i B 2240, Ll Ao CHY . AamCH) L ApCHD 4051 3R B
REERYAR L 18], ST AL BT S ER |35 & 1TH-NMR k22 00 8% 1 52 0 2500, Fede o & Al
PLR R .

Ao("O)=1.5194A0(' H)+19. 416, r=0. 39(4 M) ;

Am(TO)=—6.126Am(' H)+1. 9109, r=0. 4815 THH) ;

Ap(TO)=—22.409ApC"H) 40. 945, r=0. 98(13 PH ).

TR AH S TT DL Y, AL T i A DG EAR 22, XL A AH SC MRS A EL X7 AH 2¢C
PERRPR A A DI, B 3 X 7 B At e 24 R FR S rp 3 3517 O-NIMIR b 2# 00 6 1 52
i) 5 B % 2K BR B 5% & H-NMR 4k 24057 B8 1Y 5 0 5 ) AH S

(5) LL Ao O) . Am (T O) . ApCTO) 43 RN BURFE R SR L ] XL HUAR R R R
F G H k3L O-NMR 22 B S5, DL Ao (PO, Aam(PCO) L Ap(PC) 4 Bl R B
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FRILAYAR . [8) . 7 U X 3R B I5 B A C-NMR {2 B R S50, e & A
MFRR.

Ao(T0)=0.2603M0("*C)420.46, r=0.78, 4 B & ;

Am (7 0)=0. 8346 Am(*C)+1. 2261, r=0.30, 16 PEIE

Ap(TO)=1.2791Ap(PC)+1.7045, r=0.97, 15 P 5.

P T A A S T L L X BRI A 6 1 B AR T 4R L Tl BAR A oG, B
X7 BRI A R DG R R TE AL, U BH L BB 6 X A7 BB e X 2 R R Y [ ik 3T O-NMIR
R 2E B 5 0 5 B X 2RI 5k A1 C-NIMR A2 057 B8 B 52 i 5 1) AR [

T 258 5L o W BOAR 2 FP R PP PR Y O-NIMIR Ak 27 67 % 52 ) 11k — st 0 i 5 B4 Q2
H R A1) .

2 2B
1 & »—COOCH;
COOCH,
8 (7O)=1337.3 +Am(—COOCH;)=1337.3-+1.9=2339. 2 (3CHAIE 339. 2).

i 2 CH;;CONHOCO * OCH,

8.0 ('"O)=337.3+Ap(—NHCOCH,)=337.3—3.5=333. 8 (CHK{H 333.8).
CH,
%3  CH, COOCH;,
CH,
8 ("O)=337.3+2X Ao(—CH;) +Ap(—CH;)=337.3+2X21.0—2.6=2376.7
(SCHK1H 376.0).

Mk BHKERBABKRE"ONMR ULFLB
Appendix '"O-NMR chemical shifts of carbonyls in substituted Methyl Benzoates

No Compound Bexp ! Ref Seal ¥ A8
1 — COOCH 337.3%, 340.0", 356. 09, ‘1 7 ;
) “H. —4, 337.3 0.0
N\ / ’ 341. 3¢
COOCH;
2 359. 00 [1,2,4] 358.3 0.7
CH;
COOCH;
3 354. 8¢ [1,8] 354. 8 0.0
OCHj;
COOCH;
4 358.9¢ [1, 8] 358.9 0.0

Cl
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MR
Continuation of the Appendix
No Compound Oexp P Ref Sel AS®
COOCH;
5 354. 3¢ [1, 8] 354.3 0.0
NO,
COOCH:
6 N/ 3 337.1%, 339. 0P (4, 6] 337.8 —0.7
CH;
“OOCH;
7 340. 3¢ (6] 340.3 0.0
CF;
COOCH;
8 N/ 338. 4¢ (6] 338.4 0.0
CH,Cl
COOCH;
9 N S ! 338.9° [6] 338.9 0.0
COCHj;
COOCH;
10 Q i 339, 2¢ (6] 339.2 0.0
COOCH;3;
COOCH:
11 Q ’ 341. 0% (6] 341.0 0.0
CN
COOCH:
12 N A ' 339. 9 [6] 339.9 0.0
F
COOCH:
13 NS ' 340. 5%, 333. ¢ [1.6. 8] 340.5 0.0
Cl
COOCH:
14 NS ' 340, 4% (6] 340.4 0.0
Br
COOCH;:
15 N A ; 339, 9¢ (6] 339.9 0.0
1
COOCH;
16 336. 1° [6] 336. 1 0.0
NH,
COOCH.
17 N\ A ' 336. 3¢ [6] 336. 3 0.0
N(CH3),
COOCH;3;
18 N/ 338. 90 (6] 338.9 0.0
NHCOCH;
COOCH.
19 N/ i 339. 54 (6] 339.5 0.0

N = NPh
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LR
Continuation of the Appendix
No Compound Sexp Ref Seat ? AP
COOCH;
20 341. 5%, 329,94 [1,6, 8] 341.5 0.0
NO;
COOCH;
21 \ / 337.8*, 329. 14 [6, 8] 337.8 0.0
OCH;
COOCH;
22 Q ' 338. 2% [6] 338.2 0.0
OCH,CHj3
COOCH:
23 Q ; 338. 5% [6] 338.5 0.0
OCOCH;
COOCH;
24 340, 4° [6] 340. 4 0.0
SO, CH3
COOCH;
25 340. 6* [6] 340. 6 0.0
SO, NH,
COOCH;
26 343. 0% [6] 343.0 0.0
SO, F
COOCH;
27 343. 0% [6] 343.0 0.0
SO, Cl

28 CHXOC()()CH;; 334,77, 339, 0P [1.2.6] 334.7 0.0
29 cm@coocm 343,04, 346. 8¢ [1.6] 343.0 0.0
30 CICHZOC()OCH;; 338, 20 [67 338.2 0.0
31 CH;;C()—QC()()CH; 342, 10 [6] 342.1 0.0
32 (TH;A)C()—QC() * OCHy  342.7¢ [67 342.7 0.0

33 CN: X COOCH3 344. 6%, 348. 3¢ [1, 6] 344.6 0.0

34 F@C()()(?Hg 336. 0%, 340, 6¢ (1. 6] 336.0 0.0
35 CIQC()()CHg 338,34, 331, 54 (6. 8] 338.3 0.0
36 Br{%(‘,()()(ﬂ‘lg 338. 60 [6] 338.6 0.0
37 I@C()()CHS 338. 0¢ [6] 338.0 0.0
38 NHZOC()()CH;; 322, 8 (67 322.8 0.0
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SEHE R

Continuation of the Appendix
No Compound OexpV Ref Seal ? A6
39 (CH_;)zNOC()()CHx 322. 6° [6] 322.6 0.0
40 CH;CONH \_/ COOCH; 333. 8 [6] 333.8 0.0
41 PhN = N@C()OCP& 342,10 [6] 342.1 0.0
42 P-0,NCs H; COOCH;, 345. 8%, 336. 14, 350.0° 1,6, 8] 345.8 0.0
43 CHg()—QC()()CHg 330. 6%, 328. 44, 335.0° [1, 6, 8] 330. 6 0.0
44 CH;;CHZ()—QC()()CHS 330. 0 [6] 330.0 0.0
45 (IHg(I()(@(Z()()(?Hg 336.7° [6] 336.7 0.0
46 CHgS()QOC()OCHg 344, 21 [6] 344, 2 0.0
47 NHZS()ZOC()()Cﬂg 343. 8% [6] 343.8 0.0
48 FS()2©C(X)CH5 347. 41 [6] 347. 4 0.0
49 CISO, \_/ COOCH; 347.9° [6] 347.9 0.0

CH;

50 Qcoocm 377.0 (1,2, 4] 379.3 —2.3
CH;
COOCH;
51 363. 0 [1, 2, 4] 358.8 4.2

H;C CH;
CH;
52 CH;;Q—C()()CHS 376.0° (1,2, 4] 376.7 —0.7
CH;

(1) ey T FEHH B AT B R I P B 3207 O AL 24 RS A IR 5 (2) e T2 /R R B IRUAR 2 HF 1R WY 5 opr st 2207
O AR B Y BME 5 (3) A o BT U H R R i b o 3617 O Al 37 B 1) T k{1 5 3 B30 MR 1 2211
a. ZHEWWL, Fld: b, ZHEWW, 75 C; c. DMSO W, #; d. DMSO #W . 80 C; e NIV, .
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Calculation of 7O-NMR Chemical Shifts of Carbonyl Groups
in Substituted Methyl Benzoates

LI Lin-sheng"**, LI Li-dong®, LAN Yun-jun', XIONG Jing'
(1. Zhejiang Provincial Key Laboratory of Leather, Wenzhou University, Wenzhou 325027, China;
2. Institute of Applied Chemistry, Shaanxi University of Science and Technology, Xianyang 712081, China)

Abstract; An equation;: 8., ("7 O) =337. 3+ Ao+ Am+ Ap for calculating '" O chemical
shifts of carbonyl groups in substituted methyl benzoates was provided. Twenty two
substituent parameters are obtained with least-square linear regression. Experimentally
measured " O chemical shifts from fifty two substituted methyl benzoates were used as
the test set to examine the accuracy of the calculated results. The confidence limit was

found to be 99.5 % and calculating errors AS for all compounds were less than 5. 0.

Key words: '"O NMR, chemical shift, substituent effects, methyl benzoate, carbonyl
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