Studies in Synthetic Chemistry & L2 TT, 2014, 2, 28-40 Hans X
Published Online March 2014 in Hans. http://www.hanspub.org/journal/ssc

http://dx.doi.org/10.12677/ssc.2014.21004

Research Advances on the Applications of
Triphenylmethyl (Trityl) Protecting Groups
in Organic Synthesis

Panpan Zhang!, Tucai Zheng!*, Renjiang TaoZ?, Haibin GuoZ?, Sheng Chen?2

ICollege of Chemistry and Materials Engineering, Quzhou University, Quzhou
2Leping Safely Pharmchemicals Co., Ltd., Leping
Email: tczheng2004@aliyun.com

Received: Feb. 7™, 2014; revised: Feb. 28", 2014; accepted: Mar. 3", 2014

Copyright © 2014 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

The applications of triphenylmethyl (trityl), as protecting groups in organic synthesis, especially
the reagents and main reaction conditions on tritylation and detritylation, have been reviewed
and some recent developments have been introduced.
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1. 518

EZ ERHMEY . RRFIEL ARG, B R CR R 2 R d 2 F I B RS 2
—[1]-[3]. FREE(EAEBAR IR 25 M B i W Z R B R, 2R Gk s Ry
FERTEREAG S A AL R b 2 S5 AT LA W L B B 3 S [1]-[3]0 = 2K F R S LU S A ol T A
5y b5 R BN FeE MmO PR SERE i, DR RO FH R R P R 2 —, RlfE 2
PR A VIR B RS J7 T R BAR B (4] B 9 AME SRR AP B 1) 3 Rt = 2R R R L 2R ALl fR g ik
3 BTt K [1]-[3], (BE TR 45 =K SR SE SRR AR £, AR ST A [ N A1 S FH 12 2 R4 5 1 s 1
o = IR AR = 2K A 7 v R AT 4, B R R S B 5 R (1 s B A A

B FH ) = e = 25 L SRR JE O = S H L (Tr) . o P A0 = 2 H B (MIMIT) AT — R A3 = 2 R 3
(DMT), [ 1. BATEBH TR R, TN T 2RENEY), AR B Ry 3R 5
W E R TR G R AR E A BGIFEd, Tr 20 DMT &4 ik R 573 . TEm
&M R RE, JBRE NREGN 2. RIS =R GE(TrCl) ok — F 442t = FR L& F HE(DMTCI)
ZaRE - I T D P RS S5 % S YA O P S [

2. ZXHEARERIPTFHINR

KA E[S] LA(R)-1,2- T8 —EE k), SARRER) =R PR L P 5 D R A0 A0 o = 2R R e B
T (R)-2-5 RSN EE . Zorh{HEE 5 TrCl 7€ Et;N/CH,Cl, FH N, R 86.7%. it = 2K Fi 3£ #E CF3COOQH/
Et;SiH/CH,Cl, 13347, Uit# 87.0%.

W B SR EE 61 UL D-H B RN FRL, DU N il 15 3-53E-(S)-Hil, B HEEN = 2K FIE ARy R
(T A 55 S VAT 3] 31 JHk-2- (8- T Bk R B i A R T Ak ) - 1- = R k- (S)-H o, Scheme 1o oA =R Ak
TRy TrCl ke dEfbsil, 78 DMAP/Py Hhidt47, R 97%.

VLY [T IE (R)-4 /K H 565 TrCl 78 DMAP/EL;N/CH,CI, 153 = 2 FRIE(R)-4i /K H b, i
71%. TE5HUMERE 4R G . AR b 5 0] FE ORI S F R IR — BRI 4E A RIS i =
FH B AN G OR A ik e R R /K AR AR 2T i P 2R 2P 2485, Scheme 2, JHrp it = 2K FRRR AN G L (R 47 ik
£ 80% HOAC HidhtT, M E:LRI i =2 il 61%.

AR ETAE[8] DA L-3E N R, 42 FRAL . DI BRI SR | (AT = 2K FR R OR Y | S SEARTRAA &
SEAREBEVEIR IR AEEA ORI RS A T R IR 2 DL AR A Y T % H R 44 (3R, 5S)-3,5- — 4 J-6- 4K
-3,5-0-1F. 5 5 2 TR AU T 18, Scheme 3. HiH1(39)-3,4- — 325 T B2 WG 5 TrCl 45 & 7 PY/CH,CL, Thi#k 4T,
P L-(-)-SE SRR RS THI R N 72%. B =ZKHFELL 10% Pd/C HEALINE, #£ MeOH/EtOAC Fik4T, UK

89%.
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SREFEE9ILL 1,3- T RN R, B S T456 . AR =R B R o Badeal, =28
SR T 3-3-FRHE-1- AN A 5L )-1- TR 3-3-FR 2 T & 58)-1- T g, — K H B 1E
TrCI/DMAP/Et;N/CH,Cl, FRE4T, it = 2K FIELE HCY N3k T, R 508 91.7%F1 47.2%.

X6 U2 [10] LA(S)-2,3- 48 57 A XCH VB N IR RE, S BEEIEJR . HEEIifL . 484 WL SO3E . AEET)
SRR ERAC M. SRS T £ AE T, Scheme 4. FHA(S)-N-[2,3- R F RN
F it fmEnE 5 TrCl /£ DMAP/PYICH,Cl, Hi b, % 81.3%. FEAC /5 LA CFCOOH/CHCI i fi = 2K F
JE, FiLL MesSiBr/CH,Cly 7K fif 2.1, - ML =2 B 017 25 i 26 68%.

AN ET R [114RE g-HaH 5 TrCl 42 DMF/Py H s RER A FdE , iR 93%. 7€ 27, 3 ik [A] 5| NI/

OMe
® @ ®
& MeO<D Me0-
g ¢ <
Tr MMT DMT

Figure 1. Structures of Tr, MMT, and DMT as protecting groups
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Scheme 1. Functionalization of 3-benzyl-(S)-glycerol with tritylation
Scheme 1. 3-3E-(S)-Hih& i = FRELTIEEWL
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Scheme 2. Conversion of chiral tritylated C3 synthon to cidofovir
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Scheme 3. Hydroxyl tritylation and detritylation in pitavastatin intermediate synthesis

Scheme 3. ILikfthST shiEF &R P EEN = RPREUME=FRBENL
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Scheme 4. Hydroxyl tritylation and detritylation in a synthesis of cidofovir

Scheme 4. S BEARPEEN=FREELCME=KFEENL
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A 80% HOAC Mtk =K H1EE, it# 90%.

LRREFN2EF 2 RENA R, KA THUIRTE, g-MH S TrCl 18 Py o R NAS BMH R ELLR

HIF=8, WK 75.5%. 7F 35| NB %I, LL 80% HOAC iR =ZK 3L, 20 itk 95%, Scheme 5.
X EE[1314RIE -t 5 TrCl £E Py/DMF Hi e b2, 3 BMAFEREORIP 7, W 93%. 1E 3 fL5I ASR
B, L 95% MeOH/ik SRR it b — R AL, U3 89%.

IRFERE[14]30E UL BT AN RE, e i N & =K R ARE &k 1 8 M 57-O- =K i 2k
EATAY, U 67%~87%.

LFARES| LIE RN R, NI SRS L RAEAS B 3,5- M 4H-6-0- = K H JE-1,2-0- 7 4
N H-o-D-WRIRF A BE, Scheme 6, HH 3-Jii4-1,2-0- 5314 X-a-D HiZ&i¥E 5 TrCl ££ Py FFR N, #25iik
R 62%.

T PEE[16] 0L p-D-FEME IR A R, =K. 5 T B R 3E, 2k
FHEF KA T 6-0-Z1H-2,3,4-=-0-55 T BE3-p-D-Mt e 2k . b -D-H SLntk i) 2 v 5
TrCl 76 Py N, WO 65%. fit =K HIFEAE 90% HOAC hidk T, 55 T LML SliiE 58%.

FERE[L7ILL D-ERFER-1,5-NEE AR RL, & =K ERY . WERTTHA. L3R fh. = 2K L4545
F 2,3,4,5-0-PU 2. 3-D-#i % BER-1,6- P9 FE, Scheme 7. Hith D-#iZBEER-1,5-M s 5 TrCl 1€ Py H M,
REUARELRY P20, WEETTIA G5 NaH/EtBr i, =B RICR 40%. Bl =2k FHFEETE HOAC kT, I
 80%.

TGI8 LARERE A J5kE, & =R HBLORIARE . A EE Sk . =R dE . BT 19 3
2,3,6,3" 4" -H LB FEERE, Scheme 8, HAENES TrCl /£ DMAP/DMF/N-MMO N5, fE 2,3,4,3",4°
RGN CIEAE, P03 81.9%. i = 2K FHBLA/EHR HCI/CH,Cl/MeOH HilffT, Sl 72.4%.

RBRFE[L| LA R R, & KRR ARE . (P EE B4R 2] = SURERE P R4k 6,17,67- =4 -—

(@] (6] 0 o
HNﬂjMe HN Yy Me nyMe HNJ‘TMe
O*N° TrCl O>N~ DMAP o'y’ () LiNgPPhs N

HO LN M) ——— 110 HO
o Py o PPh, w (2) HOAG o
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Scheme 5. Hydroxyl tritylation and detritylation in a synthesis of zidovudine

Scheme 5. FEREGHPREN=FREUME=FFEL
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Scheme 6. Hydroxy!| tritylation and detritylation in carbohydrate chemistry
Scheme 6. Rk &MU EREEN=FRENFIE=FFEWL
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Scheme 7. Hydroxyl tritylation and detritylation in carbohydrate chemistry
Scheme 7. Bk EMUEREEN=FREUME=FRENL
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R I OB TGRS o AW RHAC LU RRR FE X S5 B R MR 1R 2% 5245 H B B 25 A2 n(BERR):n(TrCl):n(EBT) =
1:3.3:10.5. 7£ 55°C~60°C Fif4T = H %4k 3.5 h, 7E 100°C~105°C FiE47 ZHE1L 3 h, UK 67.5%.

JE A ZE[20]4R0E T 241 4 &K -[2,3-(4-BUR 2K 3E)-6-(3,5- A A F) | E I HEREE . HPLC T & e A1 &
o HALF4EER S TrCl /£ DMAC/LICIPY H R, 133 6-Mi R AFLERATAD, 705 2K 5 R SRR e
4-HIHR I H RS . 4- 5K R AR A )5, UL HCI/MeOH Jiifk = H I, Y5 3,5- /A RR
RER4E G, HEIH b=

WS 21 H% SRR T 0K S IR N-ARR AL 6-O- = RIS H b . BRARK —H Bk, 3%1H
H RIS SIS RRIER 6-O- = B H kb 5T 8 0E, Rt —2Pik T T BRI BB 72 .

AR EE R [22]40 38 T A P 58 SR I e v 58 SR AR IR A A3 31 N1 2K — Ik 5 0,
5 TrCl 7E Py W BRI AFREE, WK 93.2%. 7E 3 5| N LEEHE 5, UL CHCI,COOH fliifk = 2K H %,
KK 96.7%.

Bernini SE[231K I, TEMERARIIERIE, W EERAL, MARIRINZES, WEMN SN &E S
VIAEAE R AR T IR R SE I =R B . OSSR AR H IR AT, BE2E . Fmoc S REHAIIASZ e, A
SEEFERRATEM N L. 11 FIKCE 67%~92%, WY 1-4 =K HF 4k, 4 2,

Reddy %5[24]3 18 = (FL UK ZE) IR 15 =2k F R EAT — 2K FREL B RN . e B PR AL 70, 9
BB 87%~95%, PIHIIFIEEIL 2 48%FH 56%. M. 5441, THP. TBDMS. TBDPS. MOM. PMB.
OTs 253 B A2 50

Zhang %5 [25] 1 UCARIE T IS IL IR B IR BT 6 SRR =K 3L, a-v B-FH p-BRRIRE 23 31381
T 62%. 55%7I1 35%HH 6 £ dk 4 = R H AL )

Khalafi-Nezhad %5261 IE £ - @m@a—ﬁ’ﬁ'ﬂ%%ﬁ% PEMGRR 5 A7 = LR ORGP FL R 3P A% E I T 1
IE AR, =R W SR AR IR AT =R SRR, AR RER-BIRR . 2~17 min, 11 4%
# 82%~95%, VA RS Il SN, Eﬂmﬁ@ﬁ@@ﬂ@%lﬂﬁu PMB. TIPS. TBDMS. &3k, I
FLEEAAEY

Rawal £ [ 2741 = 4 W L BELE 4 R IR T 1% Nafion-H 8 4k T J50 i g = 5 3L, 10 ] s B 72 MeOH
AR TREAT, F 75%~92%, 5 HEE, Rk N ERE. BEEEAHZY.

Lumpi Z£[28] DA = 2% F SR i — 2 sk I 2, i 5 — 2, R ek DY 2, UG R R R TG A S
Bl 45 FIE =28 AR U E 4 E(F 6+ 8. 10, 12 N2 FEHIT), =4 HEAE 80%
HOACc/40 1817, Y 96%~99%.

OH
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Scheme 8. Hydroxyl tritylation and detrltylatlon in a synthesis of pentaacetylsucrose

Scheme 8. AZFEREARPREN=FKBEWME=FKBEL
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Figure 2. Structures of substrates 1-4 for tritylation
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Yang Z5[29)K1E Lewis FRUNTRALEE . =&AL ZBRREIEE N-= A A LWL . S EUREE . IREHIR
*ngﬁkﬁiﬁﬁzﬁEp%’ %mﬁﬁﬂ:(')'CObaCtln T E‘J%E}Zo ‘{%{'K%’%/CH2C|2\ Eﬁ'f'tﬁﬂﬁl%/CHzClz/MeOH /—%‘Eﬁﬁ
T2 HIBARY, IR —AE 80%LL 1, Ff5 N-Fmoc. N-Boc. NCbz. OTBS Z5HH% .

3. ZFXRREEREMRIFFHMA

FRERHE[30] L IR R R, SEEEM =R IR OB O OB EUR . 52346 Michael
IR =K F R L ik S B B T B S R R £, Scheme 9. Hort 2R TrCl 48 7 I REH R,
FE 95%. 3-FFE-4-[2-(Z K H IR CERIB G AEES 2-2-40EZ W H IE)- 2.8t 2.8 F s kA&
Michael MG, A MeOH JBiFk = 2K FJE, FRAMARAEERR, — PRI 55%.

PRARERSE[31]LL L-BREIRNERL, S PRSIl . BB =R 5 ik B
SRS T L-REAR. Kb AR CBEEENE, 5 Trel fER I R, 1523 BRI =4
L-A 2 F S WIRBEAL JS , 5 TrCl 78 HCUSO/MERE HR N, fR47 T 285 o i — 2 B 37 7E 36% HOAC
T, 1FEIHARTE.

AR JE 25 [32] PA(R)-2-( =5 F e ) R s N LR, 28 Wittig-Horner e . AL NS Bt =K. 1)
W JFEE T (R)-2- BRI RE 5t o (R)-p- = H & Js-0- IR R WIS FH Ho/PAIC 3 JiR ¥ R B LA i bk =
R, FERAT AN, WU 78%.

FEDLRAE[33)4RE T M Hi s T (0 & k. vk 4,5,6,7-DU S MEME[3,2-c]it i £h R 25 5 TrCl #£ Et;N/CH,CI,
WL, BRI, U 93.8%. MEMy IS, DL HCI SUABEBR =28 B, Ui LT e &,
Scheme 10,

RBHTEE[3A1RIE T HRiAk T I — 8B . b 4,5,6,7-DUSMEM FE[3,2-c]itnE 2hik #h 5 TrCl 7E
EtsN/CH,Cl, H 87, 133] N-=2KH1JE-4,5,6,7-VUSWEW; H[3,2-c]ibhE, YF 95%. MEMIEILfE, DLk
SRR bR =K H I, R 95%. fhid EE[35]4RkiE 4,5,6,7- VY S MEM H[3,2-c] ML e 2R 2k 5 TrCl 1E
EtsN/CH,Cl, T 25, 15 B AR (74, UL 97%. ey B 484K IS, DAV R TR b = 2K FR L, ISt 97%.
JE 2 KA G5 [36] 4 TE T ey FE DU AL nE AT AEM I & . Hrb 4,5,6,7- DY A MEmy FE[3,2-c]itiE 5 TrCl 7
EtsN/CH,Cl, R B, 152 N-— 2K F %:-4,5,6,7- VU S WEW; F£[3,2-c]itb e, W2 98.5%. MEWYIR4E AL )5, LAk
AR =R, R 99%.

(o0}

NH,
~OH — Tr-N"OH O COOEL
HoN i-PrOH ' H (@) NHy; MeOH . " N
00
| OMe o cl
Cl i glo Et _,PhSO3H CO,Et
= 5, MeO | | 2 MeOH MeO I | 2 PhSO3H
MeOH N O~ NHTY N O~ "NH,

Scheme 9. Amine tritylation and detritylation in a synthesis of amlodipine
Scheme 9. M FERPEREN=ZFRENFIE=ZFKRENL

Tr Tr
NH _ Trcl N nBuLi N NH
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0 [ oo™ LS4
s S 0" s 0" s

Scheme 10. Amine tritylation and detritylation in a synthesis of prasugrel

Scheme 10. ZRIREERPFEEN=FFEMNMME=RFAENL
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SREB7ILL LA ANER, SEEAY SREMRL . KRN, BRERY . KRR
By A RN R —FOE T AR A B R S, P RICE 43%. Hb L-EIRS TrCl 18
CHCIy/Et;N 1 s )97 153 21 N- =8 Jk U -(L)- MR, 155 (S)-2-( = 2R 5L 52 2k )- DU S ik i /£ DMAP/
DCCICH.Cl, 45 & 132 Hhrr=4, F¢H T4 B IR A FRR AR -

e [H S5 [38] 4R LA(LR)- H H-5- - 1H- 5 15| Rmph Ay J5URE, 22 Sk 0 =R LR . TRRAG. 465
i =R A R T NI R . HA(1R)- FE AE-5-JR-1H- W ik 5 TrCl 72 B 2R iR B, R 92%. 4
MRAG, 5 7-IR-1-PR T 2E-8- i 1 AE k- 1,4- 5 -4-5-3-ME Mk R R 2 M4 519 6, 141 3, DAEhRRMLRR =K
F LA [RI BEAT B KR, ISR 89.8%.

FRARTE[39]3RIE TP R W IE N & . Horp 5- 8B PY S5 TrCl 7E EtsN/CH,Cl, 1 R,
BRNFIERY TP 6, 3, WK 81%. 5 N-JRHEEE-N-[(4-11)-2K 1 35 )-L- 40 R B4 & J5 , LA
Tt o = 2R R R (9 [ B R T TR KR, Wi 80% .

Wang 25 [40]4R3E 5-(4’- 1 FEBEAEHE-2-) DU &M 5 TrCl 76 NaOH/H %8 h [ i, 75 8@ 3L 74 7, 1]
3, W% 92.6%.

MIRISE[A14RIE TSP A B Foh 5-(47- H - OR 2R -2-) U e 55 TrCl 7E A B/NaOH/ 1E CUbe i
N, A3 BRI I, R 96%. it = 2K FIETE SR IR/MeOH HHiEAT, YK 88.5%.

SEMUZE SR [A2]HRIE T 5 35 = MR 8T LI OR DU M AT AR 01K A o S rp 5-(4- R IE DR -2-38)-1H- U M 5
TrCl EFZK/NaOH e, 13 B ERI =4, W& 91%. 7£ 4k E5INR. 5 4-753-5-(4-ntng
5)-1,2,4-=W-3-TREE N J5, A 10%Eh BRI PR = A H 2L, 182 HAR=Y), 14 BIUCE 39.3%-80.3%.

AV [43]4R0E T R E LR Fmoc-His(Trt)-OH K4 . LIRS LA Me,SiCly/Et;N/CH,Cl, 4 FE,
5 TrCl #£ EtsN/CH,Cl, 1 52 % 4351 H-His(Trt)-OH, 25 B[R 2K 2 SR [ [ T 25 52 56 ¥ i 49 H de tE 41
N NRE 30 I NEE] 4h, YiE 83.2%.

A5 [44)4R38E D-4 208 £: 2 21 55 TrCl 7E Me,SiClL/Et;N/CH,Cl, 71 52 8 45 31 N™- = 3¢ H1 3:-D-H & 12,
R 92.9%.

Andaloussi 55 [45143E TrCl 5l R HR S AT 2 (a1 44, B2 0] 5 AT T R4 & 45 N =25 B R R
PR IRSEA A, Scheme 11, HAMAICER 65%, S7KE A KR 76%, 5T RN YR 45%. HH
15 = 2R S AR R4 1 AR 5 = I — 2.

Kaila S5 [46]418 1-PkE-3- = % B LA IR 5 i U oR IR SR AR TR, 5 a-IRAREHIA G A3 31 2- =K
FR gk mkme, B (R4 8 —BUR B =R AG 2-Z JEmkme, Scheme 12. Frh —HIIEH BRILAIR S TrCl 78
EtsN/CH,Cl, HF R 843 2] 3- = 2K FUERRMR, Mt =K H FE/E CF3COOH/CH,Cl, AT -

4. ZXBPEAERERIFFHNA

F B ATIPARAR LR R N ERL 2 a-R I Chz (147, WL, BN ERIL. BERMEZ
AR BomEse . U, = REHBREEZICE T S-2-(R R AE) 2 J-6-(= R H L) B k- IE R
figo JH S-2-(FFRIE) ZHL-6-T IE CURR H R 5 = R B R BEAE EtoN/DMF N, 15 BRI (174,
% 84%.

B IE 25 [48]-[50] 73 MR T °TC™-MAG,-Ade 1 ®"Tc-MAAG, iR T A% 7, iR 545 7 iic 4
Tr-MAVG-Ade 1 Tr-MAA,-Ade & . FLH3iEE 4IRS TrCl 7£ CH,Cl/BF3-EtLO HH v, 159 EIHR AR
IF=8, WK 95%, Ml = 2K FETE CF,COOH/ELSiH HHidhfT.

Ma &5 [S17EWF FURH SLARIS, K Cu(MeCN) PR fiE AL =K LR S-C W%, Bt — 25T
T HE Cu EhIETE, 45 5 Cul.CuBr. Ti/K CuSO, £ T M, {H CuCl Zor T B4 H03% 12 4 CuCl/CH.LCl,/
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Figure 3. Structures of tritylation products 5-7
3. ZFBFEAY) 5-7 BLEH

HNNH, e se
PhiCN=C=Se — == Ph3C\N)LN/R or PhiC, A
or Et,NH H H 2

Scheme 11. Conversion of tritylated selenocyanate to tritylated selenourea
Scheme 11. =FRFREW MR SERASH: 4 A =28 B &L pOfTi AR
\ \
| N— 0
TrCl N=
r R2-NH, oh

N _ TrCl
e Et;N/CH,Cl, PhXN\'\< HgCl,,DMF Phhp/h \<NH H
/

RZ

B N
r\)L 3 Ph)( /L R® CFyCOOH _ /Q’\>\\<R3
"K,CO/MeCN HoNT >N

K, 3 | (@]

T ChCl e

Scheme 12. Tritylation and detrltylatlon on an amino group
Scheme 12. & EMN=FKBPENME=FFENK

KRR R T 11 6 = 2K ERRAE =3 NIRRT, R 57%~90%, MK, #EAEHBRN, &
MNEUNEFERR, 8 IR 83%~94% .

5. 4-FEEZKREM 44 - —HEE=KFEAEERBEARIP PN

P EE[52] LAR)-Z K Hd oM kL, SAABE ) = 2K AR . S0 & IR SRR G
i = 2 B | B R AR S A R T P 2 AR T - H P (R)-4i 7K H il 5 DMTCI £ DMAP/Et;N/CH,C, H1 3,
SR 60%. (S)-N'-[(2-FJk-3-— FH AR ik = 2k R AUk T S a8 U (R 5, 50 FR et T A P B A
B2 LBE4i 4, LA 80% HOAC/ICHClL/7K it bk = 2k FRE A B R4 5, =20 IR 45%. 5N (2)
FAdo

50 R AR [53] LA N JEURE S R R I B 2 A AR AR = R 27-OH 1) = 5 A Rk ke
SRS 37-OH [IBSMEAL A R T 0 T804 RNA K88 RO M E AT AR B4 N- 28k RE-5c-0- 0 4 e =
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Scheme 13. DMT protection for hydroxyl group in the synthesis of a cytosine derivative
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