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Abstract: To circumvent the supervision of law, illicit manufacturers turn to produce drug related
precursors. Among them, fert-butoxycarbonyl (-Boc) substituted drug precursors are the most
common type recently. The ~-Boc moiety is a common protecting group in organic synthesis. It can
prevent a chemical reaction at one specific group in a molecule, while other functional groups are
transformed, and then can be easily chemically removed through a simple carbamate hydrolysis. Due
to the lack of control, the readily availability from chemical suppliers, and easy conversion to an
immediate, these -Boc substituted precursors are attractive to illicit manufacturers. The identification
of these newly emerging precursors has posed great challenges to forensic science laboratories
worldwide. In this study, four types of #-Boc substituted drug precursors, including tert-butyl
4-(phenylamino)piperidine- 1 -carboxylate(-Boc-4-AP),tert-butyl4-((4-fluorophenyl)amino)piperidine-
1-carboxylate (-Boc-4F-AP), tert-butyl 4-((4-bromophenyl)amino)piperidine-1-carboxylate (z-Boc-
4Br-AP), and tert-butyl (1-(2-chlorophenyl)-2-oxocyclohexyl)carbamate (-Boc-norketamine), were
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analyzed by using gas chromatography-mass spectrometry (GC-MS) and ultra-high performance
liquid chromatography-quadrupole time of flight-mass spectrometry (UPLC-QTOF MS). After
analyzing the characteristic fragment ions under electron impact (EI) mode and electrospray
ionization collision-induced dissociation (ESI-CID) mode, the possible fragmentation pathways of #-
Boc substituted drug precursors were deduced. The main product ions of #-Boc substituted drug
precursors are tert butyl ion (C4H,"), and product ions of [M—C,H;]", [M—C,H,O'T", and [M—C;sH;0,]"
under EI mode. Under ESI-CID mode, product ions are mainly formed by the loss of C,Hg and the
further loss of CO,. The study of the fragmentation pathways of ~-Boc substituted drug precursors in
mass spectrometry benefits the structure elucidation of unknown compounds, and provides reference
for forensic science laboratories to identify such substances.

Key words: gas chromatography-mass spectrometry (GC-MS); ultra-high performance liquid
chromatography-quadrupole time of flight-mass spectrometry (UPLC-QTOF MS); drug precursor;

tert-butoxycarbonyl (-Boc); fragmentation pathway
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Fig.1 Chemical structures of four #~Boc substituted drug precursors and their respective drug precursors



42

B e 4R Hae

t-Boc-4-AP F1| A 1A LA 1k A 1k MRz JBR 1 24
ARG #H2 A ) E 2R 1 7 LUl . -Boc-4-AP
FIFERRYE S5 T K 25 +-Boc PRI A il 4-CF
FEE ) WRIE (4-AP)Y, J& A BZF R e R Ik
A 55 D R SRR A5 B N-RUT R SR - R OR G HEOF
K JE (t-Boc-norfentanyl) ¥, F7E B M 5% 14 F B 2%
TR 5L, — 28 5 28 SN A5 3 55 K e B
i I #E | £-Boc-4F-AP #il -Boc-4Br-AP 1] L) 7F
ARAHAL ST B i AR A (DA F R e . itk
4b, t-Boc-4-AP. t-Boc-4F-AP. t-Boc-4Br-AP & &
TR B 2 A, T A s Fh 2 s

AR 3 - T 1 (GC-MS) 5 1 AH 033 - 5
T (LC-MS) i 7F 5 2 16 i B} 2% 52 56 = 19 g H
BONTZ P ARBESEAUCR H GC-MS 2 A1 =
B80T A € 3% - DU A AT AT B[R] 5 3% (UPLC-QTOF
MS) i 53 BT Z Flt --Boe WU EE alt B A4, 2R AE
HL - HL 25 (ED) IR 85 55 25 1 Ak - Blf 488 175 3 1 25
(ESI-CID) #58 :C F 1y & 2 2 fft ik 12, B M B Al
R HNE5H t-Boe B 5 & T 44 19 45 4 4k iy $2 {3t
5%,

1 SEIEHERS
11 FEUREERE

GC MS-QP2010 “TAH (- ik e FHAX: HA
5N | 2 b, BoA ELJR; Acquity UPLC I-Class
R R ASOHRE (8 35 (X . 95 [ Waters /23 F] 7™ s Triple
TOF™7600 DU A #F & A7 i ] 57 3% 4% - 5% [&] AB
Sciex 23 A 77 i, BCA ESI
1.2 FEMB S

t-Boc-4-AP.  t-Boc-4F-AP. t-Boc-4Br-AP.
t-Boc-norketamine, 4-AP. 4-[ (4-57K 45 ) & 2 IR
WE (4F-AP). 4-[ (4-% 3k ) 54 K JUR IE (4Br-AP)
BE e b SR A S 5 A 4R 25 Y GG
(norketamine) Xf At i : 3¢ [ Ceriliant 23 7] 7 & ;
HEE, O WK ¥R @ik 4l 78 E Merck 22 F
72 s B 4l K . 3 B MilliporeA ®] AR 77 1)
Advantage A10 #B4l7K R G145 .
13 KE&H
131 FRARIE O 1.0 /L HASY H I,
HEAT GC-MS 43 #7; T H 0.1%H W2 /K i WA B &2
1 mg/L t-Boc-norketamine &%, 0.1 mg/L -Boc-4-AP,
t-Boc-4F-AP. t-Boc-4Br-AP, #17 UPLC-QTOF MS
3T

132 GC-MS %41}  Agilent DB-5 MS 47 3% E 4
0, 313% K (30 mx0.25 mm, 0.25 pm); JH i FE ¥
140 °C {#4F 3 min, 1 10 °C/min T} & 320 °C; #/<
(He) yit # 1 mL/min; #EAF F1 i 280 °C; #E A &
1 uL; 433kt 40 = 1. EI Mg i Figdt 70 eV,
BT YRR 230 °C, 4% TR 250 °C, £
7\ (Full scan MS), it 34 v [l m/z 35~500.
1.3.3 UPLC-QTOFMS 4/t Phenomenex Kinetex
Biphenyl {2 % £ (100 mmx3.0 mm, 2.6 pm); A &
40 °C; FshAH: A R 0.05%H BR/KIE, B 4 0.05%
HH R TV T 6 B R AR 7 : 0~20.0 min( 0%~
100%B), 20.0~22.0 min(100%B), 22.0~22.1 min
(0%B), 22.1~25.0 min(0%B); it # 0.8 mL/min;
HEAE & 5 pL. ESI'HL B W55 B 5000 V,
W5 %5 % B 500 °C, 25 163 E 5% 379.2 kPa, I %5 5
RS 379.2 kPa, AU R 5R 241.3 kPa; 244
B K R 50V, Rif 1 AE & 10 V, BT A A
[l m/z 30~500; F B F 3 #5455 3 (product ion
scan): K HL K 50 V, fif {175 5 fif 25 (CID) fig it
(35+15) V, ot & {343 Fl m/z 30~500,

2 FEREHSW
2.1 tBoc MR B MAETMAM EI R 7L E4FE

K GC-MS 3 #7 4 F +-Boc BUIR 3 & /i 4

i, HOBVE T 0 B BTG E 5y s T

K2, 3. EBIEERF, +-Boc BUfR B &b i 14 AT E B9
gz s TE 4. B E 3a, 3¢ 1T L, ~Boc-4-
AP I -Boc-4F-AP 14 EI Jit i 15 & w5 B AH L, 1
FEAE A~T 10 PR AE AR 88 7, HoRUT SL 8 7
(CHy', B F 1 5 B e e, M 5E0E . -Boc-
4-AP F1 +-Boc-4F-AP [1) 43 F 5 ¥ il iF 27 [C 5 HE
FRF T (CH) ERE BT A, sk ERT
AL A EE(CHoO ) JE LR F 85 F B, sl & 27 [G
HAHEE R 25 T M (CHy) Al A6k (CO,) A2 i
WERBT CGHAET ChRah TR, fkE
i (CHNH,) A= iU 2§+ D, s e & 1 4%
8 5 7E R WE P4 & 2E W R iU 25+ E

5 t-Boc-4-AP Fll t-Boc-4F-AP # I , t-Boc-
4Br-AP [ EI JJ 3% &1 (8] 3e) 9 {15 o &2 %5 oy []
FEFE miz 41, 57, 68, 83, {H = Jit 2 440ty O ok v 5
FAHBEKRER, ELLETE m/z 298/300(A) . m/z
254/256(C). m/z 209/211(D). m/z 171/173(F)%
J i B 25 O 2 BB IR L R R R T



UM XUSRMESE . BUT SR IR i AU A B R AE AT

\

~

X 9.77 N 9.80
S 1002 S 100 b
& &
Q [}
= =
S 50} S 50f
=z Z
= 7.:)0 k| 7‘05
m 0 T T T T M 0 T T T T
5.0 75 10.0 12,5 5.0 75 10.0 12.5
tx/min tx/min
% 100k ¢ 8.79 % 1ol d 9.64
5 11.09 |5
=] =]
S 50t /‘ S 501
= Z
5 = 8.07
S & t
0 ~ I‘ T T T 0 T T * } T
5.0 75 10.0 12.5 5.0 75 10.0 12.5
tp/min te/min
7E: a. t-Boc-4-AP; b. t-Boc-4F-AP; c. t-Boc-4Br-AP; d. t-Boc-norketamine
El2 4% +Boc IXERIEHERNEBEFREILEE
Fig.2 Total ion chromatograms of four -Boc substituted drug precursor samples
xX X
2100} 0?8
g £=9.77 min g £=7.00 min
E z
=50 A [M*] = 50F 57
2 C .20 276 2 08103 11 176
b 176 2%31 = ” | |0 \
2 0 l : & obblllldadin . 1
200 250 50 100 150 200 250
m/z mlz
X xX
2100t L Si00pd 8
g G 2 ,=9.80 min g (=705 min
E solt 83 E sol
_g 41 H HlE 238 [12\3;] E 111136 194
s l 93 lj 54 221\ | £ L | las I
£ 0 S ENV E TN £ 0 . .
50 150 200 250 150 200 250
mlz m/z
X xX
1005 G83 EST SRS
£ £;=11.09 min £ £,=8.79 min
=1 =1
S s =50t
e 68 1307 320921155298300324356 2 k J .
= = 1 256
= O J“ lL.YS“)r A I J 1y 30*/ i
50 100 150 200 250 300 350 50 100 150 200 250 300 350
mlz mlz
S S
2100t | 166 S100 1" 166
£ 504 =9:64min £ £,=8.07 min
E sold E ol
24 168 | ¢ 2 131|168
£ 102131138 223p° A = 102 |138
z Ollu.lm.u.u 1991 1250267 s ooyt L
SO 100 150 200 250 300 SO 100 150 200 250 300
mlz mlz

7E: a. t-Boc-4-AP; b. 4-AP; c. t-Boc-4F-AP; d. 4F-AP; e. --Boc-4Br-AP; f. 4Br-AP ; g. t-Boc-norketamine; h. norketamine
B3 rBoc BUKFNARIRFZRAETER EI FiLE

Fig. 3 Mass spectra of the ~-Boc substituted and unsubstituted drug precursors under EI mode
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Table 1 Main product ions of four #-Boc substituted drug precursors under ESI-CID mode
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