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Abstract; Carboxylic acids are ubiquitously present in natural products, such as rosin acid, citric acid, succinic acid,
succinic acid, acetic acid, and benzoic acid. Carboxylic acid group is one of the most attractive functional groups in
organic synthesis. Benzoic acid is an important aromatic acid among natural carboxylic acids, which naturally exists in
various plants and foods. Due to its high biological activity and significant application value, it has garnered
widespread attention and is commonly employed in various fields including fragrances, pesticides, dyes,
pharmaceuticals, and food. 17 benzyl benzoate compounds were synthesized by the electrochemical method from
benzoic acid and aryl propionic acid. The altered benzoic acid contains groups, including benzoate 1-phenyl ethyl ester
(3a), benzyl benzoate (3b—3e) with different substituents in para or ortho position and 1-phenylethylthiophene-2-
carboxylate (3f). The corresponding compounds of aryl propionic acid were synthesized, including benzyl benzoate
(3g—3m), phenyl benzyl benzoate (3n), benzoate 1-phenylpropyl benzoate (30), 1-(4-isobutylphenyl) ethyl
benzoate derived from the drug molecule ibuprofen (3p), 9H-fluorene-9-phenyl benzoate (3q). The structure of the
product was confirmed by 'H NMR. Using 2-phenylpropionic acid and benzoic acid as model substrates, the impact of
various types of electrolytes on the yield was consecutively examined, as electrolytes play a direct role in determining
the conductivity of the entire reaction system. Furthermore, this study delved into how varying dosages of the same
electrolyte affect the yield. Electrode materials, serving as both positive and negative electrodes, were also identified
as a crucial factor that influences reaction effectiveness. Additionally, this study considered the influence of different
types of bases, including inorganic and organic alkalis, on the yield. Organic alkalis notably exhibited significantly

better solubility compared to inorganic alkalis, and the quantity of base used also significantly impacts the yield.
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Furthermore, this study explored the effects of various solvents and solvent mixtures on the yield, noting that these

solvents differed in their conductivity properties. Then, the impact of varying current and voltage levels on the yield

was also investigated. Finally, the reaction was carried out under the condition of a constant current of 10 mA, with

dichloromethane (DCM, 0.05 mol/L) as the solvent. In the presence of tetrabutylammonium perchlorate ( nBu,

NCIO,, 0.9 mmol) and 2,4,6-trimethylpyridine (0.45 mmol) , the reaction was carried out for 6 h. After the reaction

was completed, the product was separated by column chromatography, and the yield of product 3a was calculated to

be 99%. A variety of benzyl benzoate compounds using benzoic acid or phenylpropionic acid as raw material could be

tolerated under the optimized reaction conditions and the yield of 3b—3q was between 56% and 94%.

Keywords : benzoic acid; aryl propionic acid; benzyl benzoate; electrochemical synthesis; structure characterization
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Fig. 1 Synthetic route of methyl benzoate esters
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2 HREM

2.1 =4 3a~3q HIEHRIE

FHR 1K L6 (3a) Y DL 2-2R LN IR (45.1
mg,0.3 mmol ) FIZEH R (111.2 mg,0.9 mmol) K it
B BCTC B A 7Y 3a, W% 99%,' H NMR
(CDC,,600 MHz) :6 8.21~8.04 (m,2H), 7.56(t,
J=7.4 Hz,1H),7.46 (dd, J=13.8,7.4 Hz,4H),
7.38(t,J=7.6 Hz,2H) ,7.32(dd, J=12.5,5.2 Hz,
1H),6.16(q,J=6.6 Hz,1H) ,1.69(d,J=6.6 Hz,
3H),

17K 2 3E-4-H 2R IR G (3b) ™. DL 2K 3%
PSR (45.1 mg,0.3 mmol ) Al 4-H FLISHI iR (124.9
mg,0.9 mmol) M JFURHE B TC W A5 7= 1) 3b, IR
94%.,"H NMR ( CDCl,,600 MHz) :5 7.98(d,J=8.1
Hz,2H),7.45(d,J=7.4 Hz,2H),7.37(t,J=17.6
Hz,2H),7.30(dd,J=8.3,6.4 Hz,2H) ,7.24(d, ] =
8.0 Hz,2H) ,6.13(q,J=6.6 Hz,1H) ,2.41(s,3H) ,
1.67(d,J=6.6 Hz,3H) .

1L HE-4- R HRR (3¢) 0, DL 2- 2R TN
12 (45.1 mg,0.3 mmol) Fl 4-5{ 4 R (143.8 mg,
0.9 mmol) >4 J5 KA B TC 8 W A 72 1 3e, MR
82%."H NMR( CDCl,,600 MHz) :8 8.01(d,J=8.6
Hz,2H),7.44(d,J=7.4 Hz,2H) ,7.41(d, ] =8.6
Hz,2H),7.38(t,J=7.6 Hz,2H) ,7.31(t,J=17.3
Hz,1H) ,6.13(q,J=6.6 Hz,1H) ,1.68(d, J=6.6
Hz,3H) .

1AL HE-2-F R R TR (3d) 0 DL 2-2K 2L TN
12 (45.1 mg,0.3 mmol) Fl 2-5 4 PR (143.8 mg,
0.9 mmol) >4 J5 B AE B TG (8 W & 7= W 3d, R
61%,"H NMR ( CDCl,,600 MHz) :6 8.09(d,J=8.2
Hz,1H),7.84~7.56(m,1H),7.48 ~7.44(m,3H) ,
7.39~7.36(m,2H) ,7.32~7.29(m,1H) ,6.18~6.11

71%,"H NMR ( CDCl,, 600 MHz) :6 7.98(d,J=7.0
Hz, 1H),7.81(d,J=6.1 Hz,1H) ,7.47(d,J=7.4
Hz,2H),7.41~7.36(m,3H), 7.31(t,J=7.3 Hz,
1H),7.14(t,J=6.8 Hz,1H) ,6.15(q,J=6.6 Hz,
1H),1.70(d,J=6.6 Hz,3H) ,

12K I HEWY -2 R R TR (36) 7. DL 2- K 36
2 (45.1 mg,0.3 mmol ) A1 2-WEM iR (117.7 mg,
0.9 mmol) > J5 Bl A= B TG 8 W A 77 ) 31, I
81%.,"H NMR ( CDCl,,600 MHz) ;86 7.85(d,J=3.7
Hz,1H),7.55(d,J=3.8 Hz,1H) ,7.46(d,J=7.6
Hz,2H),7.39(t,J=7.6 Hz,2H) ,7.32(t,J=17.3
Hz,1H),7.12~7.07(m,1H) ,6.12(q,J=6.6 Hz,
1H),1.68(d,J=6.6 Hz,3H) ,

1-(4-CRUT ) 2638 EH IR 28 (3g) < L)
2-(4-(BUT 2 ) A 5E) N2 (63.1 mg, 0.3 mmol ) Fll
HEHER(111.2 mg,0.9 mmol) Jg JFURHAE 1 JC (0, 2%
7Y 3g, W& 73%,' H NMR ( CDCl,, 600 MHz) :
58.08(d,J=7.2 Hz,2H) ,7.55(t,J=7.4 Hz,1H) ,
7.44(t,J=7.8 Hz,2H), 7.39(s,4H) ,6.14(q,J=
6.6 Hz,1H) ,1.67(d,J=6.6 Hz,3H) ,1.32(s,9H) .

1-(2,4,6-= F L83 ) K H iR 206 (3h)
Ph2-(2,4,6-—H B R H) R (58.9 mg, 0.3
mmol ) FIZEH R (111.2 mg,0.9 mmol ) A JFURH i,
T FEY) 3h, R 60% ' H NMR ( CDCl,, 600
MHz) ;6 8.08(d, J=7.1 Hz,2H) ,7.55(t,J=17.4
Hz,1H) ,7.44(t,J=7.8 Hz,2H) ,6.85(s,2H) ,6.53
(q,J=7.0 Hz,1H) ,2.53(s,6H) ,2.25(s,3H) ,1.71
(d,J=6.9 Hz,3H) ,

1-(4-FR 3 ) ZEH IR TR (31) Y L LA 2-(4-3)
HEHE) IR (51.5 mg, 0.3 mmol ) FIA R (111.2
mg,0.9 mmol) iy J5URHE B TC GRS T 9 3i, IR
68%,'H NMR ( CDCl,,600 MHz) :6 8.07(d,J=7.1
Hz, 2H),7.56(t,J=7.4 Hz,1H) ,7.47 ~7.40 (m,
4H),7.05(t,J=8.7 Hz,2H), 6.12(q,J=6.6 Hz,
1H),1.66(d,J=6.6 Hz,3H) ,

1-(4-FRFE) KRR LW (3)) 7 . DA 2-(4-
FEH) IR (57.1 mg, 0.3 mmol ) FlIZE IR (111.2
mg,0.9 mmol ) Fy JFUBHE BT GRS =) 37, R
62%,'H NMR ( CDCl,,600 MHz) :6 8.07(d,J=8.2
Hz,2H),7.59~7.54(m,1H),7.45(t,J=7.5 Hz,
2H),7.38(d,J=8.4 Hz,2H) ,7.34(d,J=7.9 Hz,
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2H),6.09(q,J=6.6 Hz,1H) ,1.66(d,J=6.6 Hz,
3H) .

1-(4-TRORFE ) ZEH R R (3k) P2 L 2-(4-T8
RFIL)NR (70.1 mg,0.3 mmol ) FIA H R (111.2
mg,0.9 mmol) A JFURA= B T € 25 7= 1) 3k, R
63%,'H NMR( CDCl,,600 MHz) :5 8.06(d,/J=7.1
Hz,2H),7.56(t,J=7.4 Hz,1H),7.49(d,J=8.4
Hz,2H) ,7.45(t,J=7.8 Hz,2H) ,7.32(d,J=8.4
Hz,2H) ,6.07(q,J=6.6 Hz,1H) ,1.65(d, J=6.6
Hz,3H) ,

1-(4-BROR3E ) K F R 2L (31) ) LA 2-(4-t
FEHE) IR (84.5 mg, 0.3 mmol ) FIZEHI R (111.2
mg,0.9 mmol ) RARMLFTTT 1Y =4 31, 0K 79% ,'H
NMR ( CDCl,, 600 MHz) ;8 8.10 ~ 8.05 (m,2H),
7.73~7.68(m,2H) ,7.56 (m, 1H) ,7.46~7.43 (m,
2H),7.19(d,J=8.3 Hz,2H), 6.06(q,J=6.6 Hz,
1H),1.65(d,J=6.6 Hz,3H) ,

1-(4-TRIE ) JE H IR 216 (3m) ) L 2-
(4-FFEARFL) NIR (53.6 mg, 0.3 mmol ) FIK H iR
(111.2 mg,0.9 mmol ) A JFRE A= 1 TC (5 A5 72 W)
3m, % 65% ,'H NMR ( CDCL,, 600 MHz) :§ 8.07
(d,J=7.4 Hz,2H) ,7.66(d,J=8.2 Hz,2H) ,7.58
(t,J=7.4 Hz,1H) ,7.54(d,J=8.2 Hz,2H) ,7.46
(t,/=7.7 Hz,2H) ,6.13(q,J=6.6 Hz,1H) ,1.67
(d,J=6.7 Hz,3H) ,

IR R RSN (3n) P LL 2, 2- 2R LR
(64.9 mg, 0.3 mmol ) A& H 2 (111.2 mg, 0.9
mmol ) 4 JFUBHA: BUTC A 72 ) 3n, R 70% ,'H
NMR ( CDCl,,600 MHz) ;8 8.20(d,J=7.2 Hz,2H) ,
7.60(t,J=7.4 Hz,1H) ,7.51~7.47(m,6H) ,7.40
(t,J]=7.6 Hz,4H) ,7.34(d,J=7.4 Hz,2H) ,7.19
(s,1H)

HIPER 1-EFEING (30) P LA 22K BT R
(50.3 mg, 0.3 mmol ) A7 H iR (111.2 mg, 0.9
mmol ) 4 JFUBHA: BTG (8 ST 1) 30, K 62% ,'H
NMR ( CDCl,,600 MHz) ;8 8.09(d,J=7.1 Hz,2H) ,
7.56(t,J=7.4 Hz,1H) ,7.47~7.40(m,4H) ,7.35
(t,/]=7.6 Hz,2H) ,7.29(d,J=7.3 Hz,1H) ,5.95~
5.89(m,1H),2.12~2.03(m,1H),2.00~1.91 (m,
1H) ,0.97(t,J=7.4 Hz,3H) ,

1-(4-5 T I FHFR MR (3p) Y 2 LA 2-
(4-5 THIEIL) NR (63.2 mg, 0.3 mmol ) FlIZK H
iR (111.2 mg,0.9 mmol) A JFURH BTG (AL 7S 7= W)
3p, % 83%,'H NMR( CDCI, 600 MHz) ;8 8.13 ~
8.05(m,2H),7.55(t,J=7.4 Hz,1H) ,7.44(t,J =

7.7 Hz,2H) ,7.36(d,J=7.9 Hz,2H) ,7.15(d, J =
7.9 Hz,2H) ,6.14(q,J=6.6 Hz,1H) ,2.47(d,J =
7.2 Hz,2H),1.86(dt, J=13.5,6.8 Hz,1H),1.67
(d,J=6.6 Hz,3H) ,0.91(d,J=6.6 Hz,7H) ,

OH-%5-9- 37 H BR K (3q) '« L 9H-%5-9-%%
2 (64.3 mg,0.3 mmol) FIA R (111.2 mg,0.9
mmol ) 2 JFUBHA: BTG LR A 72 ) 3q, IR 56% ' H
NMR ( CDCl,,600 MHz) :5 8.09(d,J=7.2 Hz,2H) ,
7.71(d,J=7.6 Hz,2H) ,7.63(d,J=7.5 Hz,2H) ,
7.57(t,J=7.4 Hz,1H) ,7.43(t,J=7.1 Hz,4H) ,
7.31(t,J=7.5 Hz,2H) ,7.05(s,1H) ,
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C(#)/C (=), I=10mA
COOH COOH nBu,NCI0,(0.9 mmol) 0
@ . 2,4,6-— HIJEMEIE(0.45 mmol) ©)k0 J\©
: AN, Bl
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B2 SHFERERI1-FZENEEZ
Fig. 2 Diagram for the synthesis of 1-phenylethyl benzoate
1 FAEEEXRYEENZM
Table 1 Effects of different conditions on the product yield
#H WU A FEE/ %

1 Bt AF 99
2 nBu,NBF, X% nBu,NCIO, 52
3 NH, PF 8% nBu,NCIO, 42
4 nBu,NCl0,(2.0 24#) 0¥ nBu,NCIO,(3.0 24#) 71
5 nBu,NClO,(4.0 &) % nBu,NClO,(3.0 &) 88
6 C(+) [ Pr(=) O C(+) [C(-) 45
7 Pr(+) [C(-)fRE C(+) [C(-) 16
8 GF(+) | GF(=) % C(+) c(-) 57
9 2,4,6-=HIEEMEIE (1.0 28) U 2,4,6-=HIEEMEIE (3.0 ) 72
10 2,4,6-=HISEMEIE (2.0 2h) U 2,4,6-=HIFEMEIE (3.0 4H) 81
1 MEREACEE 2,4, 6-= FLIERE (3.0 24 0%) 46
12 DBU 1% 2,4,6-= H ZEEE (3.0 Hi) 51
13 K,CO,f0H 2,4,6- = FLNENE (3.0 25 53
14 DCE f3# DCM 72
15 ZIEHRE DCM

16 P EEE DCM

17 ZNE/DCM (AR 1:1) {4 DCM 35
18 FRE/DCM (L 1:1) 1 DCM 43
19 5 mA U 10 mA 84
20 15 mA f8% 10 mA 81
21 fHJE(4 V) f0F 10 mA 58
22 fHE(6 V) A 10 mA 62

AR A E 2 L 10 mA,0.9 mmol K FER ,0.3 mmol 2- I, 0.3 mmol nBu,NCIO,,0.45 mmol 2,4 ,6-=F FMEEE 6 mL G H

S , AR FEARAR by 1 B2 AR 7R 3B B = UL 209 6

23 RREBREH R

AEUE T RAEIR LA PEIR WA T 450 5 1
A A T TR A 0 e, 25 R 3
B, I 3 AT I R IR L A R (LI
{yEE ), ELICHR A ) i A B i 7 51
HFRPH0, BRAEAR P TR 3a 0 R L
A4 T Y38 AR B30 15 5 3 DL
PR b, IR LA TR LB
ELARRIR 4 BRI 3, 7550 157 67 1)
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