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M, W& KGR, BiJG, @ BRI b, PR e AR - D e 7 [
At (Green tea flower) FEEU)Pliar tHIS),  SALM Ak & W AE PG A L (1 53 et i U AR )
(Hypericum perforatum L) PV, FERZEICLR (Ficus nota and Ficus ulmifolia) IHFFAEEL
PUolh A HOE . BR TR R ORI R I ARIE 2 b, Midiirisepp et al'TE 1994 4 ¥ AR IE
TURWIR CRD RIS HAAEIRR R BRI ke, el AR &5
A s % R+ ke (eyclododecane) FI¥A+75%¢ (cyclohexadecane). J&4E7E
P E F ARSI R ARIE T Crs~Con I BEUI KINBE R B (R R
W BT RBRE RIR e, 30 —SBRECE S 1 K I et 7E — b SR o5t v A e 224
. Audino et al"FIH N TARBIIFF+FbE (cyclopentadecane) FrbE5HF LI IpE,
A5 % B B 1) 0B A0 L, #E 5% 2% Torbane Hill [ torbanite (g 42 AR K1 TAR Jih T
) FES, B TIREGESIRIAER A (Cis~Csa) I EIURY (Cii~Cao)-
TP 25 (1) K IR 2 S5 78 MR BE SRR P b S RE R R A3 T i — 2D IR 4R « SR
5 b AR K AR AU, B 7 T 7 Ji e ORI R Al BB R A0S, BRI T2 A
AR AR (bR B VA S 02160 SRITTZ A BRINEDCRR A DT . A i A T 25
b 5T RE T R H 2 SR UM il — T (GC-MS) BEFH ToE M4 LA AE B TR m/z 111
FHeiEnTERIMT S e, KMITIERE S5 BEES (mono-olefins) FIFEHEIR (Ll %%
WAEVIARIE, BRI AMEAFTERS T R0 i LA 5 B A 0 . 205 SOk 2Rk 1
77 A EL L5 1N SR IR BE R A A P T S8, %o R 3A Joe e A & W B AR AT 465 A R A
Ybs A AP SGHAT B S5 U

PRI KR e A A W AR DR S EAT T IR 5 45, 456 0K T torbanite
ORI E I A% RE (NMR). 458 %52 TAE, WIH 7 KIFFERBRA G E5m, MR 4 g5 /s
MEFR Y T Z AP SRR WL . FE MRV BRIEE -, S A 5 & B AT
TEBLRRE, DIHEENZR G M — 0 RGER S AR, DLRCTE I 2 Hh i) S 5
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B ORI e AL SV SR AT DL A AE R DO A IR SR AN R 46 B X, A
PRRE i B R SE0), P UORITE RIS . SR A, RIA B SRAL S WAL R AR 211
TERNAFMIEALE (SR BAR BRI A FEEAUEE T GRS UKL B
D 1) torbanite F b FESIAT G Y 0121516, ) WU HER A7 A B AR, B
5 R 3t

BTN BIRIE TE AR R W R e ke 2R A S W0 2 B 98 S AR DA b oA im0 T 50 20 A7 Y S A
Al (R D fEm S T AR g . Cam 22 RSN CoaCaos SRAE
FARBIH N Ciav Cras TTAERM I CoanCaod 8100 TAIAE TR LT R I o U A
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BRI 210, BB AT (Cis~Caa),  HAFAEAHRLE) FEE[R] R U2-14tel, By
sz Ah, DU E A AR MR T, R REEE Bk — 3RS R A A R K
fel, HATALT N Ciss Coov Coos W5 351 R BRI FERE A (N KD,
{ESRFE IR AR = MU ST F B[R 24, X S5 TR HUSR A R Bk (1 i AR AR
L, BN RS IR BRI T T S 45 3L
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Table 1 Occurrences and identification of macrocyclic alkanes

FEdh RIS Fefe i oA eIk SR
E. nigrum L. BB Cos~Ca2 IR. NMR. GC-MS 7
Green tea flower Ci2v Cua GC-MS [8]
Seed oil of Ficus BB Coa~Cio GC-MS [10]
Torbanite Ci5~Cas GC-MS [12]
Torbanite Ci6~Cas GC-MS [15]
Oil and sediment Ci5~Ca4 GC-MS [13]
Duri oil and Minas oil Ci5~C34 GC-MS-MRM [14]
Modern soils of China Ciss Caov C22 GC-MS [4]
Torbanite Ci6~Cas GC-MS [16]

KIRBERE A AW o3 AT AERE A IR M R RR 4150 b, v T L7 SR A TR Pk 3R 4 v
VERBUR, ARG E AR, R R R 3R S R SRS T i 2 A A Pk
ATAEN & B o AR FIE R JE 75 Hh torbanite i T 1, A KA MER R EMIFEE B B &
TEBRE IER bR (B 1), XMILG DA HGE . AR o 34T R 32 4% & S A 22 Bk
IEMgE IR (B 1b), 255 BoR RIS E M A TE Cra~Car, EUERRN Caoo REE
TR U B ] PR DG 06 2R DA B BV RAIE , 38 R 5 5 H RS PR S K FRBE R, BB o3 A £ Cre~Cas
CRPFR IR R 2 R Bk, FRERGENZFER . i, ERERa s
TUE (TIC, B la) Ha, SRECEERE ) 2 90 S5 18] 2E 70 A0 IRRAE, AH AT I IEAG e R A K B Jt
FRBRBAHZE R 1, RINGERRR] R R R R R R e e i (I 1b) o IR Hh I 5 D,
MIBEIEIR Ot bR IR AA I A R I 22 57 KB R 5 ot B A Lot 157 5 B AH DB 9 T A4
Kt o DR Bk ], RN E AR : IER ke (n-Cip), IE+-GM (heptadecene),
IE+—ke 33 2t (undecyleyclohexane), 1ER+ J\%E (n-Cig), #-1-Lk5E (cycloheptadecane),
FIEIA Lkt (methyleycloheptadecane). FRitZ 4k, TIC Hid B niEHE RN AV FEE R A,
VOHIRE S AT REACAE T I “UCM” SrBLIRAE IR, 3 BUE MG A e I I e
BF WA, #hEbE (drimanes) JA0APIVE AT P R 1) 7= 400 e Skt o 11 =
[15,19-20]

7E GC-MS S M HilEd m/z 111 348 37 & (SIMD 7] LU I 3R B KIR el ik &4
LR R YY), #id GC-FIMS (filk—i i B i) IR45 SEHERA I K Le ke o 1815 B
BB ORI B R AW S R IR RO A B — ML S RFIERE F BT miz
69+ 83, 97, 111, 125, 139..., JH L m/z 97 111, 125 BE N ERE, 7T B 7% CoHow
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HEBEHEIR O CIDL K KB R PSS 1 S e FHE R 2 IR . DA A — ket —++
B, HpiEE (K 2a, b) HRl L FEAREREG b LA BORFE RS TR (m/z 97, 111
125) N, TMAE mBREE v Ry T3 T ARHIE B T M™-28 24k, B H BT B2 1S H
BT (3R bR LT miz 222, 2364 250, & 2b). XELHHRE B TERT AL
ETAER A B, W3+ —%e N m/z 182, 222, 208, 236012, A=+ "% N m/z 336.
364, 39200, fHJZ, ZABEHE 8 1 SERr b BARBOY PRI ) = fR0E, 7y TR TR
RBUE 25 F ([M-CoHan] “FH[M-CiHansa] **) 15 B P8 B8 73 55 1 W (R AR 00T 1y 5 1 5
B, X PR R RGO B TR B T TR T R
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Fig.1 TIC chromatograms of the saturated hydrocarbon before and after urea-excluded of torbanite extracts
(a) TIC of original fraction; (b) TIC of branched/cyclic alkanes fraction after urea-excluded
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Fig.2 Mass spectra of macrocyclic alkanes
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RIS A A W0 B AR AT ST 7100 2R HE i i iy i L B E AT AT 1 ) . 8 TR
BRI GYIRFRIG S5 8, AT IR LB AT, AR S WM EA b . 3R e 5
e SR ) B IR PR e e ) o 1 ey LSS FLEAT T o XX e L BRI ek (n<10)
M, BT RS A E LA F R —R, FHERiEh A2 s hrRt)E
AT A B 1) T BT 2125271, (B Jo A il T AT R L RO P B 1 o X ER AR AE P 1
e (D) HIFRE, 5T E T RAEo- W RCE E [ b (Displacement Reaction, RD) 12311,
o2 [M-CoHa IR B T L [M-CoHan] ** (n=3,4,...) HHETE TR () FHEEE
HEH, HHERERD KN, FEAEM-CiHaa]™ (=1, 2. 3...) fHHETETRHIB,

ST H BT RD SR — M H TR 4~7 Jodh it A7 2% S A4 F 1 B8 7 1 Bt o BR 5 1 14
R (s 7o) B, B3 & KA R4 (larger cyclic intermediates) B>, [H]i,
XA R A T2 B (CD BUgmEE 7 B B (ED BORE R LR g R 20300,
Kk, RD SR FEANE F T R e ke A0 5 1 o 1% b 24T 20

FHECT RD JOBE, 3 R o B -T2 75 2T fi S PN A Joe J6 1) o i 2L B 43
UNTERR e B TR (& 4a) Pl DURRE N 3R CRR M 20 1 B T 20 o- W L P8I /-
WrEBL38 Y 5, C—C BT PP AR R 88 71 1 [M-CoHa]™ (m/z 56, R 25—~ CoHy itk
DT, ZIEEIEE T RE-ANPURE (- H) S EBE TET (B) CH 29, %
ZUBLA AT DUR 2 Z) M AR 30 CUbe ot il v = BRI M™-28 ([M-CoHa]™ ) RHIES 1o RS
HBREI AW, M T O S EEON (n<10) W EER, ek i o il M*-28
FRAEE T8 AR IR FRAON O AL S, MR 70 73 7 m T M™-28 & T, X
IR AT RE R I THE B 1 R AL ZIREZ IR S, oo T8 7 A R A o- PR T 445 DL
IR R, ST B E
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Fig.4 Fragmentation pathways of macrocyclic alkanes
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PA_FSRFR e 14 o7 i W 2 sOA Al 45 SEBRRE it FORFR e e A W ) S B ey
TFAIXTERE (B 2D, W) DAHEDN % A0 S I 220 (8] 4b): Kb 32 il & i 5 o
BV At Wi, =AM N MR S FET (M7 ), ZJE0 T B R ARyl
2 Co-E MR R AEIM-CoHa "I B 1 (MF-28) 126361, 2 J5, M*'-28 B J7 B 1 B4
RAEFEHR, HikEa-ok -k (& 4b-1, 1D ERM-CoHonn OB BT (m/z 69-
83. 97. 111, 125...). U 4b-IIF7R, M*-28 (IR E T (BE EERBAR I M*-42 B 55
T BEKEa-WE GZEM-CaHa]™). 388, JE&E (D WALk — B (Kl 4b-1V)
N [M-CoHon] "B Fr B8 7 200 S HE 25 82 1) o W7 24 110 7= 25 [M-CoHono] 1 50RE H 85
(mlz 68 82. 96. 110. 124...).

g5 b, [M-CoHonn I R B il =M G 36 —Fh (& 4b-1D, M*-28 i F
FRAYH G, - -k 72 4 M-CoHana " (n=51 7+ 9.0 IR BT 38 —Fh (&
4b-11) , M*-28 IR B FREZ—ABRE ¢ H) J5, 4 i-Wr s =A% B [M-CoaHonn ]
(n=4. 6. 8...0; FE=F (K&l 4b-I) 55 —Fhlbr 2B AL, AFFR HEAEHS K%
TABRE e B B2, (I CH2CH3), XA R AT LI AR IM-GrHonn ] (n=4 6. 8...) 1Y
PR B IX =ik 2 T DUR I M R K e e RS I S B IE W B 7 Gz
69. 83. 97. 111. 125...).

FEACEEA b, PT DUSE G B AR 23 55 U B AR A0 7 Bl 1C I m/z 208, 222,
236) MH =G, v E 4b- IR AR T anEl 4b-IL s, M™-28 I &
R Ea- Wi, FPAEM-CaHanl™ (n=4. 6. 8...) FIRH ST, XL ETFHLT a3
il Je K 77 A X R [M-CoHonea] ™ (n=4+ 6. 8...) BB T H4b, 015 T Halfese
Z— A>T (CHsCH=CHY) & , iR A5 4B-1L AL 2N, AT 72 A2 [M-CyHan] ™
(n=5+ 7~ 9...) MW B Ay aREe i J B8 33— 0 e AR o= 34 7= A 5058 B I [M-CnHane2] * (n=5
77 9.0 KRB Fo B, " [M-CoHonl " K [M-CoHono] SR P FHRE B 1, AT DUR A iR
RIRE S i 1% vt B AR AR BT

23t R PR R AR IR TR, IR R BORI R T T I =R B T, O
X EUE AN [M-CoHone]5,[M-CaHans2] ", [M-CoHan] o FeH1, [M-CoHonu J* 724
HEEHZEN WA MEEEBHE ([M-CaHawa] "M [M-CoHazn] ™) MR KA 57
BT o-WIR KRN o B WU TG BT BRATHEAR H ILE RIR B A &9 P I 88 T
TEHBEAT HAL SRR E .

3 KRGl S AR SR A & gz

AR AR SR Z R 2N, EHE LR T BN R, ALK
CRI AR5 I 020 A i) R IR B vk R AR i, HAVRe 1 258 CBRLIA, BT,
FEER R LB M R A B s A LR AT RS
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Rif \AE 7544 % Torbane Hill 13 KTV Sydney 7 #2510 [X 1) torbanite F & T 38 ) Kk
Whike (KHELFEEFRRYD, R ESRE M0, FEE RS o [F—F
A REIZIS10, BIRTE R TR T ORI R A AU, (HGR T e S A
RIRGEIEFAA P HIRREL 3 A 2 AN TF], UEBH torbanite 9 1K FR ot 8 I AF i S A A R TR
Audino et al. U35 [ 7E MR A HUTUER N TIUTRY) (L JEMKLEE) RIEH (B J8 AR
ORI T BB R R IR BE IR R AL A, A R IR B R+ AR . R B AT BT 4544
5 R IR AR AL IR AR D BT A RO BT, (B S8 5 KFA e 4 AR B B3 23 A LA R i m 43 A F K
B R IOAREIE , RIR G 28 Ak G MR A 2 T SR U T MK T8 1) AE ok A L A g
(Botryals) Hs& MKLEESR ZU R [ 7 PG AR A I 45 R0 R akmtyirh, BrA AL R A N
BRE— =W HB: RARAE T W SEEHE : Grice er al SWE MK 5 4210 torbanite BE 5T, RIS
B K IR B A A 0 1 B A Bk 1R A7 35 1B 5 I M e R TR Ao, R B AR 7 fm L (T
-20%0131,  H5e i AT -16%010)), TE B IX BRI L &) B G M FAEYIRIE . Horb, IEM S RE
Tk MR FE IR I R AR 5> T (algaenan) 7EIEUYY B2 Il —ic B W 240041, a4t i I 1
g, BERRMATAD RABRRNPE A, A0 S SERGG R 1 T B R ANE T
KIRGe e &1

FEAE AR R FAR TS (AT S (biota-precursor) 1] LU KR A0 S W W)
B R E N HE A AR . IR, I RAIRR R R R & (B 5) fEA
TIREMARE (B EALJE RO I NMR F BT 745N, #iarsh
braunicetals 01, %2 K FLAY (braunicetals, 7> T EREEA, Hem Ak 966) 1R BLLL
TR RIS RS- AL T B AR, BE T A 78 73 1 A ) BRIE— A 40 B0 5 W0E 9 SCRE I 4 ST
WRLFEANRIA B A E Y Z B R : 2K braunicetals [FIR AT KRS 46 43 LA K 3R it
K, FE T IR v A R SRR VA B TR BRI bR (& IR S5, SR I
Kt /2 B J& ) botryocaceene/botryococcane, BE A& L J& H ) Cuo lycopene/lycopane. SR
BT Metzger et al B8R I I L K IR =450 E %) (macrocyclic aldehydes, braunicetals [
RIRERSY) PIFRBREM AT (R I Car 1 Cs 1), RSB B 4t KR ke i 2t &40
(RO o0 B KRR A, Toidi & B AR R KRB 2 & R I S AT (Cis~Caa) L HLH
SEEURY) (Ci7~Cae)o {H /2 Braunicetals (1) & 517 B WAL A2 9004 A A SIE A7 A2 3 — FhdE I A
U 52 1) 1T T2 PR AN T 388 K PR AR T 1A R Tk AN it A5 AT AARRE torbanite 5 & K R3F
FAE PR
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HAER (cyclization) & e 81 5L (T ORI KA A DD I A OB, FLAE KL EEA:
KA FRTT B K R AR, (FR BREUE S 1) R IR ot e ) AR TE K 22 B30 AR A vt 3401,
IXERAE KL R AE VIR F AN & KR e S A0 A W T B LA« TEBIE 7% torbanite #4f#
FEMIRE, A5 NN AR RS (polyaldehyde, FH i R A5 T R A58 R 2 AT A Ak & 4142430
ZLfA IS T LASE Ik A TR R T B L IS R R AGAE F,  BE  TE BK B o R A O e RO BE O e 0
(221, KT, SREEFMUAE FH BAR W] UTE R OB 175 e 3R, A 2 500 AR K IR b Js S 3
FA 5 ) R PR B 90 AT A — FRRFAE o PR LG b T ] 5 A3 RIS b i 2R A & P (0 A2 & i i
1y AH AN RS B A8 S RIRBE R A B VR SEAF R v] Be e o ARAEIXFIHLA] : Audino et
al M\ TE A T T R K A R R R A P A I 07 6 B #R SR Colefin methathesis
reaction) FJ DAJE BB/ A0 B IR IR IS B o IX PR I8 52 93 T2 IR B Joe e FD ik
FETEN T4 B0 13 51 7 HIE SE445-46) SR AT 3R o B 70 AL 77 [(=Si0)W(Me)s] 1 Fl i
H—RHFFRE 5 iERE (ROMP). FIIFRE 3 (RCM) RN T Cia~Cao [ KFE
Fedes o Forb N LA st ir it B 380 1 K XU S I 0 B2 00 A RO IR e S (T A D AR
B EAE R AR A T LB AT AT

BT BB M RARSE SORRSZ S, 7T LUR & B A H KB Bt 03 T RE 1 ZE ) & g 45
(B 6): ML A= > Coleic acid) FALTZ BRI Cis R (n-Cigdiacid), FHIEJE
JiR SR Can KBEXUA I FIIG IR (Csz diunsaturated fatty diacids). AR — BRRTAE 19 1%
KA (n-Cs dialdehyde) I8 It 5rF A 4 ST i Ca R R 1L-E 4 (31- membered
macrocyclic aldehydes) LK BEANEAIEEEE (polyaldehydes). b, KEENEAIRESL s
BE4 A &&<mwnmmm>%mk%#m%<mmmmmww,ﬁ%m%%&m\%%ﬁf
PR IS B J A 5 R St L P R IR I — T 8 L R A M e B2 A IS 9 R A D S 7 U T
INAII RSN 7N o O Y s 0 o1 SN Y8 Y col) RSl A E @) 1 S At SRR NI NS RIS
FEAMAIRBE4G 6 i /KL B 2= (algaenan), FIE I ¥ 02 Hik—an s W T2 Bl . IX P Fh
T RAER Bk 77 0 R B AR Wi i 5 R Ibe e — 3, BRI, ) LA R Grice ef al'SI7ESK
3 b R I E A BB R R 5 K bt B B %
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Abstract: [Significance] Macrocyclic alkanes are a type of saturated fatty hydrocarbons that have a single ring
structure and large ring carbon numbers, which have been identified in oil shales, petroleum, soils, and higher
plants. Because of the exact biota-precursor information, the identification\of macrocyclic alkanes can be used to
identify the original sedimentary environment. [Progress] However, the\carbon number of macrocyclic alkanes
with different samples exhibits significant differences, and the equidistant relative retention time is the same as
those of the long chain alkyl olefin and alkyl cyclohexane in chromatograms, and the molecular ion (CyHa2n) is
same as that of olefin, which has a characteristic ion at m/z 97, 111, 125 in the mass spectra, and other compounds
were similar. Therefore, confusion and misunderstanding” often appear in actual identification. Thus, further
clarification of the structure is necessary. [Conclusions and Prospects] On this basis, we reviewed the
identification, biosynthetic pathways, and bio-precursors of macrocyclic alkanes and confirmed the structure of
those compounds through nuclear magnetic resonance (NMR) analysis of purified monomer compounds in
torbanite from Sydney BasingAwusttalia based on the fragmentation mechanism of cyclohexane doped from the
fragmentation pathways of maerocyclic alkanes. Finally, using the different research results provided by
predecessors, the possible biochemical synthesis pathway of macrocyclic alkanes was summarized to better further
systematic identify macrocyclic alkanes and understand their parent material and bio-predecessor.

Key words: macrocyclic alkanes; torbanite; nuclear magnetic resonance (NMR) structure identification;

mass spectrum (MS) fragmentation; biochemical synthesis pathway
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