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Conformational analysis of stereoisomers of styrene trimers by
NMR spectroscopy
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Conformational analysis of stereoisomers of 1-phenyl-4-(1'-phenylethyl)-tetralin (1,4~
PPET) and 1,3,5-triphenylcyclohexane (1,3,5-TPCH) were investigated using 'H and "°C
nuclear magnetic resonance (NMR) spectroscopy, among several styrene trimers that
remained in polystyrene products for food containers. Four stereoisomers of 1,4-PPET
were isolated from a mixture of styrene oligomers formed during the thermal polymeriza-
tion of styrene by employing a recycling method of preparative high-performance liquid
chromatography (preparative HPLC). As for 1,3,5-TPCH, two kinds of stereoisomers
were obtained by means of two kinds of synthetic methods with different steroselectivities.
We confirmed that the four stereoisomers of 1,4-PPET are (l-eq, 4-eq), (1-ax, 4-eq), (1-ax,
4-ax) and (l-eq, 4-ax) conformers (ax: axial, eq: equtorial), in order of their gas-chro-
matographic (GC) elutions, respectively, based on the relationships of the vicinal cou-
pling constants of tetralin protons. This result was also supported by the 'H and *C
NMR chemical shifts (0u, d¢c) of 1', 2'(CHs) protons and 2'(CHs) carbon. As for 1,3,5-
TPCH, we obtained (#rans, cis) and (cis, cis) isomers as two kinds of stereoisomers in
order of their GC elutions using two kinds of synthetic methods with different stereoselec-
tivities, and concluded that they were (1-ax, 3-eq, 5-eq) and (l-eq, 3-eq, b-eq) conformers,
respectively, based on the relationship among the typical coupling constants of cyclohexa-
ne protons and the corresponding 'H and *C NMR chemical shifts of the cyclohexane
rings. The characterization of the conformation of styrene trimers secems to be signifi-
cant for future investigations of endocrine-disrupting mechanisms.

Keywords : conformational analysis; stereoisomers; styrene trimers; enodcrine disrupting
chemicals; 'H and *C-NMR.
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Fig. 1 Chemical structures of styrene trimers
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SR T AT AT I Fid Aldrich #%, ZofioR
IR SRS Z AW, 72, LCHRBEMET
R PYNVRADEMERILC L — FEHWZ,

22 & B
M L7z HPLC {8, GC/MS &, MS &, NMR

KAGAKU Vol. 48 (1999)
BEEEFADOEBYTHAS. HPLC EE: Waters H
PrepL.C2000 HE)ZHL Y A7 & (VI A 7 VT A F A4+

&), GC/MS %E: BEHEIEHHE QP-1000 2 % TF QP-
5000 I A7 u< ™75 7HESHTE, MSEE: HA
BFH SX-102 B E =5 HraEt, NMRZE{E: Bruker
DPX300 T B ' H A BT GX-500 % FT-NMR #iE.

23 SRR BIESMG

2¢3+1 1,4PPET D3 1,4-PPET D 4HL 4
HiERDEBY THS. 5T 5: SUMIPAX ODS JP-06-
50025 (% 50 mm, & 25 cm, HA6um), 7T A4
BEE: SR, BEM: 7 b=FY -k (90:10), ¥t
B: 40ml, BAE: AFL V4 Y T —EEW 100
mg/lHl. HLEZ % —I3 UV 254 nm T, T-8HE
K ST-2, ST-8 DHHULY ¥4 7 Ve W TEIGL 7.

2+3+2 1,4PPET ® GC/MS BIEF4 1,4-PPET
D GC/MS BRI RDEBY TH D, ITAh: &
W # DB-WAX (HE 053 mm, £& 30 mm, KE&E 1
pm), #9 A#EE: 100C— 20C/min — 250C (10
min), RACEBEE: 280C, ¥ v VXY —FX: He, i
&: 20 ml/min, FEAR: 1, WEE— F: SCAN, EI
A4 VALEE: 70 eV.

233 1,3,5-TPCH ® GC/MS BIFE &4 1,3,5-
TPCH ® GC/MSIEHRMFIZRDEBYTHL. F T
L] & WE DB-1 (N 0.25 mm, &S 30m, K&
lum), %9 Ai#HE: 100C— 10C/min — 300C (10
min), S LEEE: 280C, F¥ VXY —FR: He, i
B: 52 ml/min, EA&E: 1ul, A7U v FH: 1:10,
HIEE— F: SCAN, EI A # VMLEE: 70eV.

2:3:.4 FD-MS BIEHRM  BHEME (FD)-Ms #llE
SMIRDEBYTHL. B RIT47, =Iv¥
—: A=K, IMEBEE: 8kV.

2-3-5 NMRBEFRH NMREEEFEROLE
D Thsb. BHAEWEE: "H; 300 XU 500 MHz, “C; 75
MHz, HIEE—F: 'HRUPC—KTTLARZ bV, 'H
RAEAE YTy S 2 (HOMSD), 'H RfEK%Y 7
M ZKITTANRY bV (H-H COSY), “C'H B
37 FHEBIZXIC NMR A7 MV (CGH COSY), #ll
ERE: E7uukib s (CDC), #®E: 20 mg/ml,
fbFY 7 VNERPWE: 7 b AF VYT Y (TMS),
IR : =R,

2.4 HPFER
241 1,4PPET M{AERMAEOHERE  KHZFL
HEAE 120C ICC 1 BEREALITWV, 2F¥ /-

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

BT B, AR, A, B NMR ARZ MVICE B AF L ¥ = Bk R R R O R T 625

X
hﬁ o
a:TP-1
130
104
115
i 193207 R
85 :
8t 143 178 | 2D8 54
244 271285 331 372 389 405419 43645) 47
50 100 150 200 250 300 250 a0 450
17
1o4 b : TP-2
18 312

50 100 150 200 250

300 350 400 450

Fig. 2 -Mass spectra of 1,3,5-triphenylcyclohexanes (a: TP-1,b: TP-2)
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Bl L MEFVTELD GCHEESFICZTIB% M
+TH o7 )

24-2 1,3,5-TPCH MARMMFEDORE XUy L7
b7/ vEMBERLT L BYOEREICT2
D 1,3,5-TPCH AR TP-1, TP2 %#572%. ¥4
bHEFREEELCT185- M) 721V o u~F Ly
ERHLTESNS 1,3,5-TPCH D EHKS GLAREMEA
W# 80%) % TP-1, —HHMEEELT1L85-F) 7
I3 unFF I UARBLTELNS 1,3,5-
TPCH D ER5 CLARRMEMALK 85%) % TP-2 &7 5.
WTNOARBEICBOTH BN BEA 2 EEHO
ATHB I &% GC/MS MR THRRL .

3 MRKUEE

31 GC/MS, FD-MS IC& B SHfIE, 9FEHESD

14PPET @ 4 SARREARD LCHEY (ST-1~4) (2
DWT GC BB L TN IZ MS A7 b V& GC/MS i
WKTHANRREZ S, ENENEEHRYD peak, peakTa,
peak7b, peak8 I[CHBTHEATHSH Z L 2R L 72,
GC/MS A7 MV TRATFAA V-2 2T E2
LT ELRDP 12D, FIEFD-MS ARZ MLl L
TeRER, 4 BEAETRTIEBVT /231200 T4 4
ZHERL 7.

—7, TP-1, TP2IZ2W Tk GC/MS A7 dIViZ
TFig. 2, a, bIZRTIHIXWTNHHAY &9 LH5+FA4
T Y m/z 312 BHERTH I LATTE, BHRPD MS AR
JMNEEPEVREZoTWAEEEDN IR ZE.
B GC HBHIERL I TP-1, TP2 DIETH o 7.

3+2 NMR AN RIVIC & BT EBR AR

3+2:1 ST-1, 2, 3, 4 DIAKECEMEHR "H RO
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Table 1 Assignment of NMR spectra of 1,4PPET (&, &: ppm from TMS)
(a) For ST-1 isomer: (l-eq, 4-eq)

IBC IH
C positioin & . H position Ou multi. Ji ]1 4 Jre
1 46.1 lax 4.01 dd 9,7
2 29.5 2a (1.8)" m
2b (1.9) m
3 24.2 3a (1.6) m
3b (1.7) m
4 44.6 4ax 3.02 m 9,4.5 8
1 44.3 1 3.21 quint. 8 7
2'(CHs) 21.2 2'(CHs) 1.38 d 7
(b) For ST-2 isomer: (l-ax, 4-eq)
'H
C positioin O H position O muli. Jil Jins Joe
1 44.3 leq 3.90 t 6
28.8 2a (1.6)" m
2b (2.1) m
3 21.9 3a (1.5) m
3b (1.8) m
4 44.4 4ax 3.12 overlap — 8
1 44.1 1 3.15 quint. 8 7
2'(CHs) 20.7 2'(CHs) 1.33 d 7
(c) For ST-3 isomer: (1-ax, 4-ax)
'H
C positioin S H position S multi. Jid Jia j1 9
1 45.5 leq 4.15 t 6.5
30.1 2a 2.00” m
2b (2.0) m
3 21.0 3a (1.5) m
3b (1.8) m
4 44.8 deq 3.06 quart. 6.5 7
1 43.2 1 3.48 quint. 7 7
2'(CHs) 15.4 2'(CHs) 1.24 d 7
(d) For ST-4 isomer: (l-eq, 4-ax)
'H
C positioin 8 H position 8u multi. Jac Joa Jioz
1 46.9 lax 4.04 dd 9,5
2 32.2 2a (1.6) m -
2b (2.0) m
3 22.6 3a (1.5) m
3b (1.6) m
4 45.0 4eq 3.26 quart. 6.5 7
1 43.2 1' 3.58 quint. 7 7
2'(CHs) 14.1 2'(CHs) 1.16 d 7

a) Jvalues(Hz) were determined by "H HOMSD measurements using 500 MHz FT-NMR. b) Parenthesized values

are approximate chemical shifts.
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Bofb® 7 PRI HH COSY, C-H COSY X 0

WL, £ H1, H4 70 by ORAE VEEEHR JHED
EFT13 500 MHz NMR B2 X 5 HOMSD BIEIZ X
To7z. ZORE%E Table 1(a) (b) (¢) (d) CFE D
THRT. ALFEY 7+, A UEE/SY — ¥ RO HE
XY, Fr5UVERE, 172 VvERT 417 2 =
NIF V) BEOERERZ D, 4 BYEEOFHEAEREIT T
TFig. 1OWBETHH I LA LL. RBOEET
B B NN, ThbbT FS Y VBT s unk
EUEICHT S -7 2 2 VERT 417 = 2V IF )
EOT7XTT7IV (ax), T2 T7 M) TN (eq) FREEDOFE
Ei, H1 RO H4 70 M IZERL, ChbET T
YyERYsund e viTa P BRI Y 1
VFINVAE VAR (Ju) DRESIPHITH LD
T&5LH., Yr7unybrHoREEBIILEF 2 THTDH
LI LBHONTEDY, ZEEEGEELRZVI 77U~
VYRECORBY L LAERIPFETCELZVIODY,
REW L HEEETHKRER ax BUE, MV L fEE2AE
THKER eqEBIFETED EEZ LN, TOMR
R LU CLBBERBN z 7o/, T 1-7=20E
DEERBET S H1 70 b ViS5 L, Table 1
R & 91T Jo AT 9 Hz £ K &\ ST-1, ST-4 D H-1
% ax BLEELZ, Ju fE7S6 Hz &/M S\ ST-2, ST-3 @ H-1
ZeqBEBIZRETAILENTESL., Lzl TIMIK
BERELTWS 1.7 = = VEOE L, BiHO ST-1, ST-
4 Tid eq FLkE, $RED ST2, ST-3 Tld ax WL T 5
ZENTEL, —FF4(1-7 22 VLT )V) OB % 5
ETHHATHE I VOARTZ PVIZHI L DAY Vi
BRIV EMEE AN, B1' 70 s Y2 BHET A
HOMSD il Z VT HI' L DA VA EHET S
LiZXy, yrunkkriru o L fEEHR
HEBHZEHTE]. 2O HOMSD A7 VT 6.5
RO THz D i fE%R 5 2 5 ST-3, ST-4 O H4KFE I eq
HEEHBIcERZ EhD, MAERKD 41-7 220
ITFNV)EiG ax L TR LWTES. T/, ST
DH4TA b YD L AESFERIC L THRARS Z &25T
&, OHz L REWHEZRT I ELH D H-4KEIX ax
BELEZEZONL., KRHREEST2 D HA V7T Vi
H1l' =2 L ER D720 L EERAND I LHFTE
§, TOEPOEERELZFET LI LIETE R o7
DODHRBEWIC ax BE L THZ LA TES. L72dF
2T ST-1, ST-2 D 4 I 4.(1-7 == V=T N) %
DEHEL eq LHETHI LN TEL. DEDXIITA
YU BEEBOEGRD S ST-1, ST-2, ST-3, ST-4 DIF
BB, TNER (leq, 4eq)ff, (lax, 4eq)fk,

RO, SEE, WA, BE, PENMRARY FUIZE S AT Ly ERETAREAORE SR 627

(lax, 4ax) BB (leq 4a)fhEF 5 EHTE .
KIZZ ONAAREEENRERZ 'H RO PC{LEY 7 M
BHT 2L —EOMBERRIRD LN H-1' R H-
2(CHs) @ 'HALZEY 7 VZEHETHE, 4D 1-7 =
ZNVEFIVED eq BUEEZE Y B ST-1, ST-2 & ax Bk
ZHY B ST-3, ST-4 TREBHICRL-oTwE. Tk
bbb HIZT b Y TIRAEIERY, H2 (CH) Tk
BEVEESEY 7 VERL. 72, G1, G2(CH) @

- PCAEE Y 7 MIZBWTIE ST-3, ST4 &b ST-1, ST-2

LOEREY 7 P LT, BEREORELFEINICRK
BLLTWAEEEZLIEDNTEL, FFICC2(CHs) TH
DHNT5~7ppm DDORELEESEY 7 ME, 1-7
L2 WVEFNED ax BEIZ X KRR Y 7 VIR T
BRTESL. T/, CLOPCALFEY 7 FIZHBNTD ax
FLEE % A $ % ST-2, ST-3 DIF ) 2% eq BLHETH 5 ST-1,
ST4 L0 b 1~2ppm E DO TP TRBHLVEHEY 7
PERL, BEEY 7 oAFY BT A HAEINERT
EHLXH9THBY. INLOMHBBERIIEDAE VS
EBICED N REZ IR TLHDEEZ NG,
3-2-2 TP-1, 2 DIAFEERFT  TP-1, TP2 DL
PEMEAMEEIL GC THREE 3R T 80~ 85% BET
BHolh, BLXHHNHTEIBDTEL, 'HRET°C
NMR ARZ MVHPEMTHoZ ehb, F—sE%
SELLLCOBRSLCERTOACER L -2 DRE
BATH) T LHTE, ZOMKEL Table 2(a) (b) ITRL
7z, ALY 7 P ROHIRT 5 ¥ — 2 B X ) mEE AR
Fig. 1 12R9 1,8,5-TPCH OFHEEZEHT 5 2 L 2
Bl COWMAENKOIBEEOREIZ, Y runt
FUBRD 1,35 MICERT S 7 2 = VEOBE, b
5 H-1, HS, Hb 77U N VvOEREZEEYT LI L1213
MLV, INHOTT YD ax, eq WX, V7
UANFHVERTT MY LAERERE B 2 fE 12
EOB8Hz 25252 bBBIIRBTEBY. TP
TIRH17H Y70~ F22EHR (bm) 257U,
SHzBBED/IE W LEEXHTLHI L9 0 H1 KR
eq BEE, H-3, Hb5 710 b ¥ TlE 125 Hz DR E W J
BEAETAHAILPOMAR I axRELRBBEESNS. L
7270 T TP1 O 7 = = VEDOVARERZ (1-ax, S-eq,
5-eq) HKEFTHZLATESL. —F TP2 ® H-1, H-3,
H-5 78 b Y0 Je fEIETRT 122 Hz & KX WEZ R
TIEDL, INLOKBETRNC axEELIFETE
. L72hoTTP2 D7 = = VEDIFEEIT (1-eq,
3-eq, beq) MBI SNL. VFRECERT S LH
EZ (trans, cis) Bk, BEZ (s, cs)k& b, 7277,
FAREE L LTl FEO S ODERE L FNENFEE OB
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Table 2 Assignment of NMR spectra of 1,3,5-TPCH (dy, dc: ppm from TMS)

(a) For TP-1 isomer: (l-ax, 3-eq, 5-eq) conformer

ISC

'H

C position dc No. of C

H position and conformation  u No.of H Jen” Hz  Ju” Hz

1 37.7 1 leq 3.47 1 — bm (3.0)
2,6 87.4 2 9ax, bax (2.0)¥ 2 14.8 4 overlap
2eq, beq  2.57 2 14.8 d? ~ bt?
3,5 39.5 ) 3ax, 5ax 9.94 9 —  125¢
3.0 t9
4 42.6 1 4ax 1.7% 1 12.4d° 12.3 t°
4eq (2.0)? 1 12.4d° overlap
(b) For TP-2 isomer: (1-eq, 3-eq, b-eq) conformer
IBC ]H
C position & No. of C H position and conformation Su No. of H jgemb) Hz ],icb) Hz
1,35 45.0 3 lax, 3ax, 5ax 2.94 3 — 12.2 t9
3.2tY
2,4,6 41.7 3 2ax, 4ax, 6ax 1.73 3 12.8 d° 12.4 ¢
2eq, 4eq, beq 2.19 3 12.8 d” bt

a) Parenthesized values are approximate chemical shifts.

b)‘ Jeem and fiic are geminal and vicinal spin coupling

constants, respectively. c¢) d: doublet, bm: broad multiplet, bt: broad triplet, t: triplet

RiZH 5 (l-ax, 3ax, beq) RV (lax, 3ax, 5ax)
BEZONDA, 1,35-F U AF Ny 7unth ol
HLEBED LARFRUEICTABENIREL LD
FHELRIBD THRVWEEZ BN LY. RIC Table 2
D PCALEY 7 MZERTHE, BICHEEATVS
1,35- MU AF IV 7 anFHrOYE L FERO R
b, TP2 2T TP-1 DRINT 5 REDERS
V7 MiaxT o VEONEEMI 7 ML DL
Zz26n5"". —H'HIZBVTE, ax-7 = = VEPE
BL72TP-1 D leq 70 + ¥ DL 7 b 8.47 ppm
THoh, eq-7 = ZVHEOBEHR L 2T RMELRD 3-ax,
bax DZNITVWINSEHY L 7 2R L 2.94 ppm
12, Floeq7 a2 vEE) LTHRINZCH, 70 ¥
Wb 1.78 RO 2.0 ppm D TR —H L2
BATRDLN, INET = = VEOSAREE % R L T
Wb EEZSNEEKEN, DL efbEY 7 MO
B AR EARIE, A Y VEAERIC X 5 S0 LRE R
DIFEEXFTHLDLEZONS.

500 MHz FT-NMR #E2 & 2 'H HOMSD #8125\ T
KREBWFHIC %Y F LBk T3 () R LR
FigiH BRICESHELLTET.
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YAV TAT Ly FEBIEBVT, RAOWBIAEWE L LTERINTVWERAFLYEEEDH b,
1722417 2= VEFV)F S Y Y (1L4PPET) RUT1,35-bY 7oy runddy
(1,3,5-TPCH) & ARBMARDOBEEN 2 "H RO *C-NMR ZAX% bV X YV4Fo7:. 1,4PPET I22WT
REEARICERTHAFL Y3 ) IT—956 HPLC BEIC L ) 4 FBORMKZHEEL, 1-7 ==V
ERCT4Q-7 2=V FV)EOTF ) VBRIIETHETHF TN (ax) REZZ 7 MY TV (eq) B
BE& BT LR, GCMNEIL, (leq, 4eq), (lax, 4eq), (lax, 4ax) R (leq, 4ax) TH
HTLEER L. £/, 1,35 TPCH ICOWTIEVAARIREOR L2 ) OAREICL ) GCHEH
B (irams, cis) BOF (eis, cis) 2 BEARZH/BAZLITE, Y 7u~"FHUrRISHTE T o= VED
BEIEZNZN (lax, S-eq, beq) KU (leq, 3eq 5eq ThdEMHMHIFLILTEL Bk
DEHCUFEELFSPICTEZI LIX, SBRNTWBEEDE L L CoEHBELZI%T 5 LT
BERBEVDIOLEZOND. B, 4HEEONI 1,3,5-TPCH ® GC/MS AR b IVIZEEHO MS A
ZINWERPRYVRRBEI LG0Tz,
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