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Study on the Effect of the Complex Reaction between Boric Acid and
Hydroxycarboxylic Acid on the Optical Rotation of Hydroxycarboxylic Acid
Meng Zhonglei, Qin Rongxiu, Li Guiging, Chen Haiyan
(Guangxi Key Laboratory of Superior Timber Trees Resource Cultivation, Guangxi Forestry Research Institute, Nanning 530002,
China.)

Abstract: From the perspective of screening and designing catalysts, this paper measured the changes in the optical rotation of
hydroxycarboxylic acids after the addition of boric acid, and analyzed the relationship between the types of complexation reaction
products and the changes in complex configurations. The polynomial fitting was used to obtain the function between the rotation and
the amount of boric acid used. The rate of change function of optical rotation is obtained by differential derivation of the fitted optical
rotation function. The results showed that when the complex was formed, the electron Polarizability and the optical rotation of the
complex increased due to the ring formation reaction; When a double ligand complex was formed, a new chiral center was formed, but
the amount of left-handed and right-handed bodies was the same, and the contribution rate of the newly formed chiral center to the
increase in optical rotation was 0. That was, for a rotation of 0 o- hydroxycarboxylic acid, after adding boric acid, the measured optical
rotation remained 0; For chirality o- hydroxycarboxylic acid, with the addition of boric acid, the optical rotation increased, and the
contribution of the added value comes from the formation of single ligand complexes. According to the relative change rate of optical

rotation,
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the order is: L (+) - Tartaric acid (267%) = D - (-) - Tartaric acid (261%)>L - (-) - Malic acid (88%)>D - Gluconic acid (66%)>(R)
- (-) - Mandelic acid (13%)>D - (-) - lactic acid (-13%), where the absolute value of optical rotation of D - (-) - lactic acid first decreased
and then increased. The molar ratio of boric acid to a-hydroxycarboxylic acid corresponding to the minimum rate of rotation change
was about 3, at which point the relative content of the single ligand complex reaches its maximum. Continue to increase the amount of
boric acid, but the change in optical rotation was not significant. There was a correlation between changes in optical rotation and
changes in pH. The more types of complexes formed after the addition of boric acid, the more anions consumed, and it was easier to
promote the positive shift of ionization equilibrium. From a thermodynamic perspective, the more types of complexes, the greater the
entropy increased, and the easier the complexation reaction to occur.

Keywords: a- Hydroxycarboxylic acid; Boric acid; Complexation reaction; Corresponding isomers; Optical rotation
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HCA Fi & )E5 40 5 AL RE (B TR . AR AT IR 78 T IR /K & I B R -HCA [ RE, R
YIRS HCA HAMEM M EMAER, R, WA, SRR, MR, AR, CERAEEHERS
5 IR A 1 52 A A TR B B AL R o T R PR B MR  T 50% , Ho b R RN 58.7%
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Rifll:  L-(H)- AR L-(+)-Tartaric acid(TA, 99.5%), D-(-)-iF A& D-(-)-Tartaric acid(TA, 99.5%), D-
(-)-FL#E D-(-)-Lactic acid(LA, 90%), (R)-(-)-Jii BkER(R)-(-)-Mandelic acid(MA, 99%), EHFR L-(-)-Malic
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WA IR AR . 2K, Hil

IR A SGW-2 Bahie i, B K 100 mm, SEIEEK 589 nm, _EiEHERL
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IEE/REE 0.5+ 1,04 151 2.04 2.5, 3.0+ 3.5, 4.0 AOABIERECHIE 9 AR, 43 7 Wl-& A0 A AN [ e Fr il
BRIBECRE, AT 3 K, IRAEERHIZE 20°C. IIATIER G HCA W6 IR A AL %A «

r(ie ) = (e — o) o 0

o v IR J5 et FERUAR RS AR AL 26, a0 AR R BEEE, o AINTHER 5 ek .

2 R

2.1 BB T HCA et BE FIRY il &

HRLE AN FBIER . HCA BE/RECRIBRIGRE, WL AF 1 HCA 70 7 S H X Il ER-HCA BE & Y52
. 2 HCA MIKEZ N 0.2 molkg, 1A FMIER. HCA FIEE/R ELINATIES, D52 et FE A tk, WL
1. 7£25CH, BHERTE/K B HIIEMAE N 5.74 g, B S=5.74 /100 g /K, tHE] 0.928 mol/kg. % TN 0.2
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Figure 1 Effect of boric acid on the optical rotation of the following chiral HCA at 0.2 mol/kg
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Figure 2 The change rate of optical rotation of chiral HCA with the amount of boric acid

22 5 HCA ERESYHARSIELEEN
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Figure 3 The 1:1(5) ligands formed by boric acid and HCA
T: Ry ARy AIERAE HCA ) o i LAVFER], Ri<R,
Note: R; and R, were groups linked by HCA on the o carbon

M HCA 1 B ik FEHAA RN, o Bk BRREA B Bk B LS IR PR oS ok, Wil AR
IR ETFERR . 24 HCA [ B Bt DIEEATFRIEN, o B LRI B Bl G RE IR SE T LS IR T /S oG
W, W RBAFTER . 4 o BB L ERE A FNEER, % R0 RS s R s, W 40 AR
IR %7 R R 5 R B /S 03 B A AR R, 43 5047 RR. RS+ SS. SR %5 4 R ml il fh . dntt B ik 13z
PINEL WA R, S IR R, ZNTCH SRR OE J7 175 HCA fREF—5, Bl RR MR H) HCA JERL RR
HIELRC A, SS AT HCA JER SS IS BCHA . VH HERT HCA, FTLASEEIE R RS A1 SR PART B AA . T JiE
SRR E IR, TR RR R Al S Bt R ik, T2 FnR b 2N A SRR, $08 e F i )
Wi, HCA SRR AIN G, MRN8, B rIR SN, e, % T e i e
HCA, SRS T AN ek, ST 0.

4 RS HCA TR 1:1(6) 8 AL
Figure 4 The 1:1(6) ligands formed by boric acid and HCA
WE: Ry~Ry NEHEAE HCA 1 o B iR MR . 4 Ri<R,, Rs;<R,if, DSS;@SRBRS;@RR
Note: R;~R, were groups linked by HCA on the o and B carbon.R; <R,,R3;<R,,(DSS;@SR;@RS;@DRR
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LIRS HCA TERE 12 B TCH RUECAARRC &4, 500 5128 AN T 7o PR T s A 52 X THT
W 5. [F]—F HCA, LW'E =& EH T, £ 5MIRIEBOSHECARRS, DU R 5~ A58 R AN &R TR R,
S PiFiig Y . WL RO S LR WA TE B PRI B, 56 TR FHEmk i HCA, "8 5 IR T 1 i) XU A4 (1)
AN R S X THAUN R ) HCA, & 5L i X A& A4 8y RR'R. RS’R: X T4 S (1)
HCA, ‘BES5MRRIYE SECARIFI B SRS, SS°Ss X T-AME e HCA, & S5HIER I B 1) BURC 4 i #4 B ik
045 RR’S M1 RS’S, 3L 6 Fofuxof B 7 A4 445 XS24 ¥ e 1Y) HC A, & S5 IR T e (R W BCAA [ 44 L 04 R(S)RPR(S)
R(S)S’R(S)~ R(S)R’S(R)~ S(R)R’S(R)~ S(R)S’S(R)~ S(R)S’R(S)FL7/SFfist Wefhk . i igfig s it, M5 HCA
TERC 12 SIS, BT RIRRTERG, BCEP05r 1 R m 28 in, B Al tiAu PN, J5it5 HCA i&
se FELARAH L, TEOGEEERIG N . H i TR S HCA JER 1:2 1 XUECAR B LRI REATL I, AR s 3 6 %of LA [ B
FHEE, WRTXUA R S W8 SAHAE, R 1 B B e 6 RS o IX REOIMAIR 5, Toheatir HCA
PTHEEHE, A e HCA Hig b s e e R4z

R
0 0 1
O\B.:\Ohhi’// 0 0\ _xpr'”.LIRE
Rj /N - B, :
o o’ng R, ™0 \0&0
Rg R1 F‘-;z
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Kl 5 RS HCA TE R 1:2(5,5) % BLid
Figure 5 The 1:2(5,5) ligands formed by boric acid and HCA
FE: Ry Ry AHERE(E HCA [ o T ERIIER], Ri<R,
Note: R; and R, were groups linked by HCA on chiral carbon, R; <R,

MR 5 HCA TR 1:2 H7STCH IR BCARBC &, DA 738 SR AN S TG T Ry S 1 i
B, WK 6. X4 HCA M o B IRJE T IEEMEBAFR, &AN7S6HF RR. RS, SR, SS TUF4 R, i
LA RAT S’ SRR XA TE B AR AL, b T 4428 RR (1 HCA, & -5 IR T R BUC 44 (1144 2 (RR)R (RR)
(RR)S’(RR): *T-FH%5N S (¥ HCA, & S5HFRIE AL BRI BL R (SS)R’(SS) (SS)S*(SS): Xif T Py i ik
() HCA, &5 BER I B K WU A4 I LR (RS)R(RS)  (RS)R’(SR)~ (SR)R’(SR)~ (SR)R’(RS)+ (RS)S’(RS)-
(RS)S’(SR)~ (SR)S’(SR). (SR)S’(RS)Z& 3 )\ Ffxsf itk . S+ FHHER 5 HCA T /S JCIA IR EC A, FH BRI i
B @' P M I 55 T 7o A 2R ABL, A BT 45 800 e S ) 4% 1) A= BT ELAH 1K
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Figure 6 The 1:1(6,6) ligands formed by boric acid and HCA
1 Ri~Ry NEFAE HCA 7 o BBk ERIZEHE] 4 RI<R,, Ry<R4HF, D(SS)R(SS);@(SS)S(SS)
Note: R;~R, were groups linked by HCA on the o and p carbon.R;<<R,,R3<<R4,(DSRS;2SSS

HH TR 5 HCA R LA A 1:1 A1 1:2 PRS2, IR e -1 1) HCA ZE NI R 5 B2 18 bl e E 3G A
(ELZE WU 52 0 R 0 LR e EE I S IR, i LB 5 IR 5 LR B /K LL Ry 0, e B8 e /N R 5 SRS AR«
H T SLER (0 FVERR 8210 Ry A Ry 23 5~ H AT CH5, T RRIC &> B FLIR M R wT e e 2k T R, 1E
N FFLER I TN, X SR 12 A, AT E SO >, LR 2-10 FE] 2-12. {HEEE B
T2 5 FUBRBE R LE3G i, B TSR AR e e B R, T AR EETE Y 2 I SUA Bl F-

2.3 FEIFEHL 3 HCA HELEH RN

MR BERR S5 FIRAT HCA e R Ak A semd, LI 7. AL 7 ATk, BRERAINN D-il A VA TR
Ja» WESEREREAR, TR BRI NN IS e BE S 3N 5 A o SX T RE R TE SRR 54, e T8 xR Mk 1,
FEFPERRI AL KA T R . BERR MG RESEFE MG N, PR RBEIR S HCA RAETHERMEMR T
FCE. BRI 3N, VAP [H G0, BRI BRI TR AR T BRI A B o AR T R, §
BUE I BE S/ o
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-0.6+ EN H.PO,
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R TFRR5SD-E AR BE/REL

Molar ratio of protonic acid to D-tartaric acid

B 7 5T DB AR e L S
Figure 7 Effect of proton acids on the rotation of D-tartaric acid
VE: D-ARRIVREEA 0.2molkg, WIELE 20°C
Note: The concentration of D-tartaric acid was 0.2 mol/kg, the measurement temperature was 20°C

R S AR S50 i T IR AN, IR S T4k HCA TR L &40, BEFIIIR S HCA BE/R LIS, et
FE 2 HE G 0 . X T HCA FECEEIIRZ M, # R IARX B MR BN R L(H)- AR
(267%)=D(-)- 15 £1 2 (26 1%)>L-(-)- 3 F 2 (88%)>D- i %] i 2 (66%)>(R)-(-)- It Bk B2 (13%)>D-(-)- FLIR (- 13%) ,
JLE 1o L(+)-BA FRAN D(-)-0 A7 R A X AR I G BE, BEIIRR 5 18 A R B /K L 38 I g 3 m, % e B R
SRR W24 2%, R IAIRR 5 HCA T RRIC &4 i of i A 3 AL ) (0 0 o MR PR B 6 JEE M AR A R HE
WAEH, SFEBAERN IR S ERE. BRENANME, FOLEMHE R R,

ML RS, BEEMIR'S HCA BER LA, & R e 6 B AR (R B s LR (¥ e
SCFEAR RSN G s AR SRR BRI e B ) AR A BB Wk /N T 0, W 2. T B IR
HT &0 2R, BT RES SR AW, e 4 MR RS ST Y BUEC &7 JF4 e s i .
TESEII & AOYE I Y, TR RR M e FE — B, OB e BE A R — B, (R R ME .

[FIFE 0.2 molkg WL HCA, HBEHEEARMARMEM pH R MBHLL, B MEX RIHR S
HCA [MEE/REEAE R . X FERF AR S HCA B 12 WBECEY), Xhe 6B & 5 A TTik, EXTHTR
FERINAEHBY . XM UBABEE TR 5 HCA BE/R LU, SRECR & RrE 3N, e e i A8k R e N bkt
IS 1 PTG A 5 s B s K AE

24 B0 HCA 5§ FHBHE ST R

ARICEIOBERR . AR PR, WEMER. FRR. WARMERSE I 7 o BRI, ¥
CATE A E A T B m AR K A B S S AR AT S TR T AT R e S A 2 P 8 B 18,
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boraspiro[4.4]nonan-5-uide -boraspira[4. 4Jnonan-5-uide
Kl 8 LMWK SIRIY IS & )
Figure 8 The complexes formed by glycolic acid and boric acid
8]
OH
CH
D-7L% ,
(5)-2, 2-dihydroxy-4-methyl-5-oxo-
{5)-2-hydroxypropancic acid 1,3,2-dioxaborolan-2-uide

(25,558,75)-2, 7T-dimethyl-3 B-dioxo- (25,5R,75)-2,7-dimethyl-3,8-dioxo-
1,4,6,9-tetraoxa-5-boraspiro[4.4]nonan-5-uide 1.4,6,9-tetraoxa-5-boraspiro[4.4]nonan-5-uide

9 D-FLE 5 MR LI I &4
Figure 9 The complexes formed by D-lactic acid and boric acid
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Figure 10 The complexes formed by R-mandelic acid and boric acid
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H
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D-3 % P

(2R, 354R 5R)-2,3 4,5 6-pentahydroxyhexanoic acid

(35,58,85)-2,7-dioxo-3,8-bis((15,2R 3R)-1,2,3 4-

tetrahydroxybutyl)-1,4,6,9-tetraoxa-5-boraspiro[4.4]nonan-5-

uide

(S)-2,2-dihydroxy-4-ox0-5-(15,2R 3R)-1,2,3 4-
tetrahydroxybutyl)=1,3, 2-dioxaborolan-2-vide

OH

OH

(3R,5R . 85)-2 7-dioxo-3,8-bis((15.2R,3R)-1,2,3.4-
tetrahydroxybutyl)-1.4,6,9-tetraoxa-5-boraspiro[4.4]nonan-

5-uide

K 11 D-HI4FEIRR SR i TeHA I e A4

Figure 11 Complexes of D-gluconic acid with boric acid forming the S-membered rings
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(3R.45,65.9R,105)-3,9-dihydroxy-2,8- (3R.45 6R 9R,105)-3,9-dihydroxy-2 8-
dioxo-4,10-bis{{1R,2R)-1,2 3-trihydroxypropyl - dioxo-4,10-bis((1R,2R)-1,2 3-trinydroxypropyl)-
1.5.7.11-tetraoxa-6-horaspiro[5.5)undecan-6-uide 1,5,7.114etraoxa-6-boraspiro[5.5lundecan-6-uide
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Figure 12 Complexes of D-gluconic acid with boric acid forming the 6-membered rings
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(28,58,75)-2,7T-bis|carboxymathyl)-3,8- (25,5R 7 5)-2,7-bis({carboxymethyl )-3,8-
dioxo-1,4,6 9-tetraoxa-5-boraspiro[4.4)nonan-5-uide dioxo-1,4,6 9-tetraoxa-5-boraspiro[4.4]nonan-5-uide
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Figure 13 Complexes of L-malic acid with boric acid forming the S-membered rings
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L-77 B (S)-4-carboxy-2,2-dihydroxy-
( S)-2-hydroxysuccinic acid B-ox0-1,3.2-dioxaborinan-2-uide
0
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(25,65,85)-2 B-dicarboxy-4,10-dioxo- {25 6R 85)-2 B-dicarboxy-4,10-dioxo-
1,5,7,11-tetraoxa-6-boraspiro[5.5)undecan-G-uide 1,5.7,11-tetraoxa-6-boraspiro[5.5jundecan-6-uide
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Figure 14 Complexes of L-malic acid with boric acid forming the 6-membered rings
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L-374 {R)-4-((R)-carboxy(hydroxy)methyl)-
(2R,3R)-2,3-dihydroxysuccinic acid 2,2-dihydroxy-5-oxo-1,3,2-dioxaborolan-2-uide
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(2R 58,7R)-2,7-bis((R)}-carboxy(hydroxy)methyl)- (2R,5R,7R)-2,7-bis{{ R)-carboxy(hydroxy)methyl)-

3,8-dioxo-1,4,6,9-tetraoxa-5-boraspiro[4.4]nonan-5-uide 3,8-dioxo-1,4,6,9-tetraoxa-5-boraspiro[4.4]nonan-5-uide
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Figure 15 Complexes of L-tartaric acid with boric acid forming the 5-membered rings
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LT (4R 5R)-4-carboxy-2,2,5-
(2R, 3R)-2,3-dihydroxysuccinic acid trihydroxy-6-o0xo-1,3,2-dioxaborinan-2-uide

(2R, 3R ,65,85,95)-2, 8-dicarboxy-3,9-dihydroxy-4,10- (2R, 3R BR.8R.9R)-2 B-dicarboxy-3,9-dihydroxy-4,10
dioxo-1,5.7,11-tetraoxa-6-boraspiro[5.5]undecan-6-uide -dioxo-1,5,7,114etraoxa-6-boraspiro[5.5)undecan-6-uide
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Figure 16 Complexes of L-tartaric acid with boric acid forming the 6-membered rings
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2-hydroxypropane-1,2, 3-tricarboxylic acid dihydroxy-5-oxo-1,3,2-dioxaborolan-2-uide
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(S)-2,2,7,7-tetrakis(carboxymethyl)-3,8-dioxo- (R)-2,2,7,7-tetrakis(carboxymethyl)-3,8-dioxo-
1,46 9-tetraoxa-5-boraspiro[4.4)nonan-5-uide 1,4,6,9-tetraoxa-5-boraspiro[4.4]nonan-5-uide
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Figure 17 Complexes of citric acid with boric acid forming the 5-membered rings
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{S)-4-carboxy-4-(carboxymethyl)-

2,2-dihydroxy-6-0x0-1,3,2-dioxaborinan-2-uide
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(25,65,85)-2.8-dicarboxy-2,8-
bis(carboxymethyl)-4,10-dioxo-1,5,7,11-
tetraoxa-6-boraspiro[5.5]undecan-6-uide
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(2R,65,85)-2 8-dicarboxy-2,8-
bis(carboxymethyl}-4,10-dioxo=1,57,11-
tetraoxa-G-boraspiro[S.5Jundecan-G-uide
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(R)-4-carboxy-4-[carboxymethyl)-
2.2-dihydroxy-6-ox0-1,3,2-dioxaborinan-2-uide

(25,6R,B5)-2 8-dicarboxy-2-
(carboxymethyl)-8-(2-hydroxyethyl)-4, 10-dioxo-
1.5,7.11-tetraoxa-G-boraspiro[5.5]undecan-g-uide

(25 BR 8R)-2,8-dicarboxy-2-
{carboxymethyl)-8-(2-hydroxyethyl -4, 10-dioxo-
1,57 11-tetraoxa-6-boraspiro[5.5]undecan-6-uide

{2R,65 8R)-2,8-dicarboxy-2,8-
bis{carboxymethyl}-4,10-dioxo-1,5,7,11-
tetraoxa-6-boraspiro[5.5]undecan-6-uide

(2R BR,BR)-2 8-dicarboxy-2-
{carboxymethyl)-8-(2-hydroxyethyl}-4,10-dioxo-
1,5,7,11-tetraoxa-6-boraspiro[5.5lundecan-6G-uide
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Figure 18 Complexes of citric acid with boric acid forming the 6-membered rings

MK 8 EI& 10 /IR, LFFRR. FLRR A BRIRSE, B SIIRRIE BRI ST I &Y. BB R A,
BB AT R ) T PR rp e s 410 RSOUUC S IS A XU PR 52 S FE B R T A e, BB i ) 5
Lo LFRFRRSPNIR L BOREL AR, B TR T e, Hl T RNAIBEHUE, AR 2 e AT A i
EAAMER, HIFSEZ SN ek,

1703



EANE RN e SN S20 ML AN Ty 434

ME 11 EE 16 A, HE R SERBAE AR, BRI Y A e & Pt RE T S TG
WHECEY . FFE, 4TE AR, FCAPIATE BB F b s T8 OREC AR 7E SR 138 XA B
BTG, RE T ARGTE RO BEE. WARSEHE 4 U RN, LSRRI R4
PIFRERBRINZ, AR ERRS 5T &S 5126 H .

M 17 W LLVE W, ATER IR SR TE B T e IR, SO ECAR BETE BT, BDZERN IR 7~ A0 T8 il — >
(TP b0 o AH AT R SRR TE BN JOIRIT , T8 2 B TC (A A2 XU AR T B 1 T T oL, LI 18
T RSO N AEAT IR BRI o BRI B 7= A2 7 by, TP BOOURCAR S, 43 I B R T TR R 1) o BRI
P E A TR F O ATERIR ST TY BN TR, JEFRAE 8 AN MUR A, 3 2 AN SRR Ak B
FRIAFT 6 AN MR R . KT AE IR SR & A28 A IR BN, TR IBC S W)= BEALIG , /e e R A e i
XTSRRI AR S, RIS B AME IR . e FE I 45 A E I T X — s, RO IR I AT AR IR /K VA TR
Ja, WA [E AR SRR AR LU G BE, 45 AR 0.

BRI S HCA I &G BLEAT A0t ATk B RAECEPIT, BT R, ARt
BN, ARG RN T ORI B GRS, TR T BTG, (BSR4 A A 7,
HH BRI T4 Lo R e BE S N TR 0. BAAREK BN ST HOGEE AN 0 19 HCA, IIANBRER)E, D1l
FEEETS A 05 X T FHE HCA, IINTHER G e BER N, 3N MEL ¥ sk ok B T 70 U S A &40 o

WL XA PR T, 25ETIR S HCA M &N T2, A 4T HCA FE/K R i H B ok
P, IMNHRR IS TE I SR 2, T FER ORI B Tl 2, A 5 (R k F B ST 4l 1) 1E 7 1) A8 3
M5 Lok, BCAMIIMAIRIRE , IR, G RONIRES 5 HEAT o )00 5] g — JeHR R 18 4
W, HTEAEZMRE, ARG, BEEWR S8 EERR B R Lrgin, 3 pH EFEEEHERT 2
MR LR A AR o

3 &1

ARV SCIE I I AN S BT 5 HCA 48 & NI HCA HLES PR e e BE AR Ak [R50, 4R R AL
MR S50 S AP RERI S RARIE T 5% . HCA SHIRRIE AR S0, EtAE /1858, (8 b 0 ik 4%
EVITRL T SRR R 1A, e FE RN STk 0, (R FECIR L SR HE 1 T 1% HCA Jedt FE)
B MRS HCA MR Ly 3 B, HCA HIBEGRE I AR 3 R B ig /)y, BUR B SR AOAR K & b 3
K. IR IS I e e R4 5 pH AR A A, AT 5T B &R 3 %, T FEs (1 1Y
BTt S O (ke B ST ) IE DT RS Bl . AR ORI, T AR R, R S e K
A RN BT . TIRRS HCA HIBE/R LLEL 2~3 B, KIERP[HA R R . BT HCA SRR 41
B A AT, TR S HCA B R HLEL 2~3 &8 .
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