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FALERSCE B

On the basis of the concept that formal trimerization of the smallest unit of imidate,
we have developed new triazine-based acid-catalyzed benzylating, allylating, and
p-methoxybenzylating reagents (TriBOT, TriAOT-allyl, and TriBOT-PM, respectively).
These reagents have advantages over widely-used imidate-based reagents in terms of
atom economy, usability, and cost. The reaction of various alcohols with these
triazine-based reagents in the presence of an acid catalyst afforded the corresponding
alkyl ethers in good yields. Study of the reaction mechanisms and intermediates of
TriBOT revealed the effect on the reactivity of acid-catalyzed O-benzylation caused by
the isomeric core triazine structures of the reaction intermediates; triazinedione
skeleton was found to be a promising core structure for acid-catalyzed alkylating
reagents. In addition, we found triazine-based benzylating reagents react very fast in
the presence of an excess amount of trifluoromethanesulfonic acid. Kinetic study
suggested that the reaction proceeds via new mechanisms. On the basis of this result,
we demonstrated that EWG-substituted-benzylation of an alcohol with a triazine-based

acid-catalyzed alkylating reagent provides the corresponding ether in a high yield.

NRUUNVHE, TN RORT A RF RV (PMB) 7R EOT VXL —T L%
RERIL, AAR EAR T Vva— L ORERE LTSN TS, 2T OR#EES
AT HREN R FEO DI, BAMEAFIE T CA 4 — MIKSHIZHNT T v a— L%
OTNHXMMET HFENRD Y, FRHEEMESMFICHT L a— L OR#EICE L TWD, L
ML, A X — MIKISENESFHIC R Zaa A FALEEET A 2 L bREE FOBEN
%<, RINRICO TEORE oG ~a r U FEEY = BT 57D, 7V =27 I AN
—DBLENOAFE L 72, AT, BRBRUTTI W DBV 5 <, KISAIDOE K3 A
EREWEWSEA G H D, £ TEHIL, 141X — M/hMEEoAm =81t v
YAt M, #E O —YOMERNE il N U T U TUERfRIEE T L2 AL &
xat L7z (Figure 1) .
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R U T BRI T 2 AL R O BBEIE ORI T A LK HT- V£ CNO TH Y,
ZTOREIL 42.0 A I X — MUISHIORKI 4 55D 1 TH DD, KGEDT hbhxa ) I —

IZENTWD, B, ZRFARRETTLEETHD, Gl A MR, KISIEAERY TH D
4 VT INMBEEFRE LT W EEH LOREEZRG L TEBY, (koA I 4 — MNMUESH
ORISR Z TRk LRt 7 L UALBICTH D L 25,

U T DU RT R MMEBIOG AR PO DD, U T YRR U AL
(TriBOT), 7 YV /Ab#Al (TriAOT-allyl), % O PMB {k#41 (TriBOT-PM) % FWC7 L =—/L
DOEEfREE O-7 VX WALBOG %2 Fhi L7= (Table 1), el L Cix, X7 Vil
DOEEIZIE TfOH %, PMB {LO5E121E TfOH LIFMZ BFs Et:0O X° CSA L W=, =D
HE L ERME SO M E S IC T W R e T L a— L B SIS T A T VX L — T LR B

SEWTDHZ ENTET,

OR
)\ TriBOT: R =Bn
TriAOT-allyl: R = allyl

AN
| TrBOT-PM: R=PMB | * R—OH R—O-R
~ . A
RO)\N)\OR 1,4-dioxane, MS5A, rt

Triazine-based alkylating reagents

acid catalyst

reagent acid catalyst time yield
entry product? (R, eq.) (mol%) (h) (%)P
1 P~ >""OR Bn, 0.4 TfOH (20) 5 quant.
2 allyl, 0.45 TfOH (35) 43 82
3¢ PMB, 0.37  TfOH (0.3) 15 94
4 @\ Bn, 0.4 TfOH (20) 5 86
5 OR allyl, 0.65 TfOH (35) 29 87
6 o> O"0r Bn, 0.4 TfOH (20) 7 quant.
7 Br\/\o R Bn, 0.6 TfOH (20) 5 98
8 Br 7 OR allyl, 0.45 TfOH (35) 32 79
od ™S _~or PMB, 0.6 BF;-Et,0 (0.3) 0.75 92
108 TBso/\(\%j\OR PMB, 0.7 CSA (15) 12 84

Table 1



reagent acid catalyst time yield
entry product? (R, eq.) (mol%) (h) (%)P
117 ) Bn, 0.4 TfOH (20) 6 92
126f MeoJ\ﬁoR PMB, 0.6 CSA (15) 11 92
Me
13f Me Bn, 0.8 TfOH (20) 7 86
1481 Etomﬂ' PMB, 1.1 CSA (15) 13 87
OR ,
o)
15 OR Bn, 2.4 TfOH (80) 2 74
16° RO O PMB, 4.8 CSA (60) 30 69
RO
ROoMe
17¢ PMB, 0.65  CSA (15) 9 94

aThe R groups introduced in the reaction are indicated in bold and italic face. °lsolated
yield. °EtOAc was used as the solvent. 9The reaction was conducted in THF at 0 °C.

®Reactions were conducted in THF at reflux. No racemization was observed.

FOSHFERRBRIZ 7 1) T30 L 72 80O EBROFER )G, TriBOT % FW 7o ERfiliiE 7 1 =
— D OISR, R VN F A U A ROGTEMRE, DiBOT %Y MonoBOT
ZEOSHFEEE LT, Figure 2 O L) IZEITT D B2 605, [FAERIZ, TriAOT-allyl X°
TriBOT-PM % H\-figfibli O- 7 VX ALEISIZEB W TS, 7 U VKN PMB I F 4 U Ffi 4

Table 1 (continued)
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TriBOT Ot A TEH 5 DiBOT X MonoBOT 1%, FVU 7 U2 EEERIMERBRICH
HENVTV )RR NI TV EmENENOREMEE L THET D, £2TC, Zhb
DTG OB WA O~ DAL D ROGCEIZ 5 2 2 5B %572, TriBOT &
DiBOT €7 /WAbE#), %O MonoBOT % Fv CHlHERMINIIE 21T > 7= (Table 2), & ®
FER, MU T U U B E AT D MonoBOT DO NSIEE NIk KEWZ RN hoT,
B2, D DISEDFFNL, B 3L X — 250 D HER S 4 5 BSOS O BRE) 1) 0 72 5
(CHASWTHERNCHEIRT 2 Z LB ARETh o 1o,

benzylating reagent (100 mM)

WOH TfOH (95 mM) Wosn

(100 mM) 1,4-dioxane, MS5A, 25 °C

hiy hiy

benzylating reagent NI >N NI NH HN™ "NH
~ ~ ~
MeO)\NJ\OMe Meo)\NJ\OBn o)\N)\osn
MonoBOT
core structure triazine triazinone triazinedione
relative rate 1.0 0.90 > 20
Table 2

F£ 72, TriBOT OISHEZ GRS 2T, BEIED TfOH 77 FIZEBiT 5 TriBOT Dl
RGN RE M IND Z EHHA LT, 22T, ZOBRREFHMIBRFT 72012 T
MEEME AW EROMEEZEE L= 25, P T VUV OAALANCRT 5
TIOH DY &N 1 Y EA B T HE I SEERBIIZm B35 2 & & L U7, 3w
FEHT OFRER D B1Z, TIOH 28 1 Y &L FOGE LITER R DS EZ KRBT X UL F
FUREOAERPRE SN, IS, ZOX D74 NY 7V AIEREE T L S A ALE O BTG
AR IC L DSOS 2 BRE A LIS L, BRI E2FE T L EE T L
— N SEDCERICE AT D Z BB LT,

PLED X HICFEF L, #ekDA I ¥ — MUKICHIOMER Z 3wk T 5 Y 7 2 R fidii
TNAXMMEFIDOa v NE, XUDALAL T U B, KON PMBLAIOBR 2@ LT
FEE LTz, HIT, OSHEZIBIET 2T, BRI L WALAI O L e RS K OMLER
TRV SRR 2 L9 2 LT LT,



BEMEEOEE

RV =TV, EDOREN L IR MARESED DK EORER L L THEHT
Hb, TOEAFEDH L, B O b ThH LUV ) Zaa T b I 4 —
N & 2 05T, R SIRICE ISR E R L S DX D IABIZRRCE R TH 223, Kk
F D22 e, BB TR RRFEFE OB RN S EAMIZB W THRED WL D EIEFE 220,
HEEB L, T VN A 24— F OB = EREE L2 AT 25 & 0ol E oFHICE SN
T, TOX VIV AT )V TH D 2,4,6-tris(benzyloxy)-1,3,5-triazine (TriBOT)23, Z L5 D
RE 2 R C X DT IR BRI ALK e b bR R L, O AN EFERELTZ, £
7o, TOIAREE LT, p-A FFIR_UTIEA] (TrBOT-PM) TN T U LAbAl

(TriAT-allyl) OBRFEIZ BB LTz, HFEFEITHEIZ, A2 BRI KRS W BUR 2 ik %
FEABERTZFER, TriBOT 72 b N —EOREERMER OIS EL A L, XDV B FF
FEA R O SO AERE 2 42" E D ICE D BN AN S FITH 7222 5USHI O BRTR 2N A RE T
HDZ L ER LT, B SNIISEIO—ERIZBE S iR &, oiFEE I bR STy
5206, LEOBEIZ, IR AmEHF kO EIC 'R IR SN D, 5o T, K
i, i GER) ARETDICET DL 0 & H L,




