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1. Background

Another internationally well-known Delft student, with almost the same Christian names as Van ‘t
Hoff, was Hendrik Jacobus Prins, who discovered two new organic reactions, both nowadays
carrying the name Prins reaction. The first one, the addition of polyhalogen compounds to
olefins, was found during the doctoral research (1911-1912) of Prins, the second one, on the
acid-catalyzed addition of aldehydes to olefinic compounds, became of much industrial
relevance. New examples of this Prins reaction are still regularly reported.

OH
@/\ (CH;0), _ WOH
NF H,SO, (aq)

Prins Reaction:

H. ., R? R Rz R | : R R
R e i . R R*
| \ : - _ = “ H
R1 H R3 RS O OH RS ] H OH REO
R'J\H/ JNuc- \ elimination /1‘3{1“3l

R? R3

0.0 N N Y
5 = NUC

\'!:. OHR* R* H OH R® OH R*

1,3-dioxane 3-substituted alcohol allylic alcohol

R? 2 3 3
Rt\% ’ R? R . s R? R? R?
]L R - R lYXX O\\/ R‘ R ’\%\ R‘1 R 1 RA

. The Prins reaction mechanism and possible reaction pathways. Nuc=nucleophile.

P. C. Bloys van Treslong Prins, Chem. Weekbl. 1919, 1510.
P. C. Bloys van Treslong Prins, Chem. Weekbl. 1919, 1072.



Synthesis of Tetrahydropyran Rings

In 1955, Hanschke was the first to report the selective synthesis of tetrahydropyran
(THP) rings through a Prins reaction by combining 3-buten-1-ol with a variety of alde-

hydes or ketones in the presence of acid
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Scheme 3. The first report and mechanism of the synthesis of THP
rings by the Prins reaction. [a] When H,SO, was used. [b] When HCI

was used.

E. Hanschke, Chem. Ber. 1955, 88, 1053 — 1061.



2. The Prins Reaction

Cyclization of acetals

I 2 oquiv BF3.Et20 /ki/g )
§ benzene,25 °C © M
26%, 2.1 o

Table 1. Prins Cyclization of 4-Allyl-1,3-Dioxanes Promoted by Lewis Acids.

Entry # SM Conditions® Yield Product Selectivity®
1 oJ*o 7 A 81% (X = Cl, )\)\)\J/\L 93:7
)\*)\/\ Y = OH)
2 B 86% (X, Y = OAc) 91:7:2

r \/
3 oo 5 [ ¢ 84% (X = OAc) wg 16 Q46
)\/‘\/‘\/\

54% (X = OAc)
33% (X =F)

l ~CeHa- ﬂ
5 o 9 A 71% 98:2
X CeHian

(a) Conditions. A: 2 equiv. TiCls, CH,Cl,, -78 °C, 2 h. B: i. 4 equiv. BF;OEt;, 10equiv. HOAc, cyclohexane,
25 °C: ii. Ac,0, Et 2N, DMAP. C: i. 49quuv BF, -OEt,, 10 equiv. HOAc, 2equ|v "TMSOACc, cyclohexane, 25 °C;
ii. AcO, EiN, DMAP D: i. 2 equiv. BF5: 2AcOH 6%0!2, -10-0° C; ii. Ac,O, Et;N.DMAP. E: i. 10 equiv.
BF,;'OEt, 10 equiv. HOAc, cyclohexane, 25°C; ii. Ac,0,Et 3N, DMAP. F: 2 equiv. TiCl, CH,Cl,, -98 °C, 2 h.
(b) The major isomer is shown andthe second isomer results from axialtrapping at the 4-position of the
tetrahydropyran ring. The configurations of other minor isomers were not determined.




Cyclization of homoallylic acetals

CH
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70% overall yieki
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Y. Hu, D. J. Skalitzky, S. D. Rychnovsky, Tetrahedron Letters, 1996, 37(48), 8679-8682.
E. H. Al-Mutairi, S. R. Crosby, J. Darzi, J. R. Harding, R. A. Hughes, C. D. King, T. J. Simpson, R. W. Smith,
C. L. Willis, Chem. Commun., 2001, 835-836.



Cyclization of homoallylic alcohols

R O. L Et
o E8
——
1 AcOH
TMSOAC OAc
2 2
entry R = 2(%) 3(%) 4(%) 5(%) 1(%)
i la; 3.4-OCH»0O 20 21 26 17
i1 1b; 4-OMe 15 21 21 18
iii Ic:H 54 24 23
v 1d; 3-F 46 9 9 23
v le: 2-Cl 57 36
vi 1f; 4-NO,* 36 43

vii 1g: 3.4.-diOAc 67

4 7% of the 4-F analogue was isolated due to extended reaction time
(16 h).

54
RCHO R OSra/

)\/\ “Lewis H ’?\lu
Acid
/ “ Oxonia-Cope
Rl + R'
0 7o
R\(/#Nu — R/
H \(VH X
H H H

Figure 1. Oxonia-Cope rearrangement.

Table 1. Reaction of Homoallylic Alcohol 10 with a Range of
Aldehydes”

OH O__R OVR
ab
+ RCHO ; +
Z N

MeO” ok Lorme OH  Nome
10 13 14
9:1 E:Z ca.93.7

(a) TFA, CH.Cl; (b) K,CO,, MeOH

entry R yields 13 + 14 (%)
i 13a H>C=CHCH:CH: 97
i 13b CH;CH=CH 47
iii 13c H>C=CH 65
iv 13d Ph 63
v 13e 2-BrCgH,4 65
vi 13f 4-(OMe)CeHy 396
vii 13g PhCH>CH; 84
viii 13h : 73

Scheme 6. Cyclization of Enantioenriched Homoallylic

Alcohols
~_ .OH a) TFA |/O\ \R
+ RCHO - .
» b) K,CO34 o
OH |
MeO “oMe
(S)-10 >99% ee R=PhCH,CH,  (-)-13f >99% ee

R=4-(OMe)CgH, (-)-13g >99% ee

S. R. Crosbhy, J. R. Harding, C. D. King, G. D. Parker, C. L. Willis, Org, Lett, 2002, 4, 577-580.
C. St. J. Barry, S. R. Crosby, J. R. Harding, R. A. Hughes, C. D. King, G. D. Parker, C. L. Willis

Org, Lett, 2003, 5, 2429-2432.



Axial-Selective Prins Cyclizations

CHCI,O’C 0

80-85%
C.J 1(x=H) 2(X=H) ci 3(x H)
1-d (X=D) 2-d (X=D)
R = CH,CH,Ph only compound 2 observed (NMR)

Table 1. Prins Cyclizations of a-Acetoxy Ether 4 Lead to Axial or
Equatorial Products

Ph Z
\//\1/,\V/ Conditions

o\( 0t023°C
OAc

LB EY

4
entry? Lewis acid additive solvent yield 5 (%) yield 6 (%)
| SnBry lutidine CH,Cl, 9 79
2¢ TMSBr none CH)Cl, 71 7
3 TMSBr lutidine CH)Cl, 98 0
4 TMSBr lutidine hexanes 0 0
sb HBr none CH>Cl, 60 27
6 AcBr lutidine CHCl, 96 0

@ Reactions used 100 mg of 4, 0.2 equiv of lutidine (when present), 2.5
equiv of Lewis acid in 2 mL of solvent, and were run at 0 °C (1 h) to 23
°C. Isolated yields are reported. ” Excess HBr was used in the reaction.
¢ GC analysis of the crude reaction mixture showed a 13:1 mixture of 5
and 6. ¢ GC analysis of the crude reaction mixture showed a 41:1 mixture
of 5 and 6.
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Figure 2. Mechanism for the formation of axial bromide 5 with TMSBr

and the equatorial bromide 6 with SnBry catalysis.

R. Jasti, J. Vitale, S. D. Rychnovsky, J. Am. Chem. Soc. 2004, 126, 9904-9905.



Prins Cyclizations of Enecarbamates

Scheme 2

Ot-Bu
CBHW\N 0

=z

HO

1 equiv.
PhCHO,
0.5 equiv.

InClj,
—_— -
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K. N. Cossey, R. L. Funk,

J. Am. Chem. Soc. 2004, 126, 12216-12217.

Table 1. Prins Cyclizations of Enecarbamates

aldehyde (2 equiv.)

entry enamide temperature, time product® yield
Ot-Bu &
(o]
CBHW\ N Ao /\)k
1 /| Ph H 80%
HO
OrBu
5 CSH"‘N/&O \i (o}
’/‘\ H 70%
0°tort, 13h
4 O Ph
HO™ Ph
Ot-Bu o
CSH"‘N’KO )OL
0°Ctort,25h A "O” “Ph
HO™ "Ph Ar = p-tolyl
Ot-Bu
(o]
A C8H17~N o) 0
= /\)L H 91%
0°Cton,45h Y0
HO
Ot-Bu
CaH17\N/j§O o % H
s 6 X
= Ph H | 84%
n2h Ph" O :
< d H
HO a
Ot-Bu
CgHi7e /g (o] o
6 1 ° M
Ph™ "H 83%
0°Ctont,5h Ph® "O
HO
Ot-Bu
(o] o]
CBH”‘N/&O 1
7 Ph” H 60%
1.TMSCL t, 21 h
HO 2. TMSOTf, CH3CN e
-78°C, 40 min %
OtBu o /?\\’B"
CHizey A 0 PN
N "0
8 P A 49%
z
(10 equiv.) 250
HO n.24n s




Prins Cyclizations of Cyclopropyl Carbinols

Table 1. Prins Cyclization of 1 with Aldehydes
Entry Acid Aldehyde Product (Yield %)
n-Pr,, O W\
1 TFA CHO TBDPS
Scheme 1 e S
i . o R Ph OH
N\ o Acd | | +< R Y T meoes 3(72)
WA Nmors 22| ) gmons| B0 | B2p) | B0 )
1 o e S ‘_H‘J " ‘(m n-Pre., O n-Pro,, O \TBDI"S‘
2 +OEL. g TBDPS s
TBOPS = tert-butyldphenylsiyl 2 2 BE#OEL; -~ -CHO ks . /
Ph Ph
4a (52) 4b (26)
CHO Phu, O\
: : z TBDPS
Table 2. Reaction of 1 with Ketones in the Presence of BF;-OEt,
- - 3 TFA
Entry Ketone Products (yield) Ph OH
5(78)
0 5} , ) i ¢ i
B @A'rmws . KJ/\ TBDPS e 'h"["j" Stuops [‘rj “TBDPS
™ = = x + Z
1 /U\ 4 BFy*OEt | =
Ph Ph l’lf Ph
10 a (38) 10b(27) 6a (48) 6b (32)
0 o TBDPS s TBDPS Ph A PN TBDPS
i . CHO
© - - s 5 TRA |
Ph OH
Ph Ph 7(65)
11 a (45) 11 b (30)
CHO P-MeO -CgHyo,, O,
N, O \ N SO\ i " TBDPS
0 TBDPS TBDPS . _— ‘
)k/\ . - = Ph OH
Ph Ph OMe 8(61)
12 a (36) 12 b (24)
CHO PNO; Celr, O o o
7 TFA
Ph OH
NO, 9 (60)

V. K. Yaday, N. V. Kumar, J. Am. Chem. Soc. 2004, 126, 8652-8653.



Prins Cyclizations of y, d-Unsaturated Alcohols

OHC\/\OP

R’ OH
(/\/ R

Lewis acid

, +‘)
T

2

R'<_O
-+

3R

Scheme 2. Proposed cyclization of y,d-unsaturated alcohol 1.

P = protecting group

OH X
T T

8X=H
12X =ClI
15X =Br

OHC\/\OBH
9

TMSOTY, CH,Cl,

10X =H,77% 11X

17 X = OMe (Decomposition)

18 X = OSO,Ph
20 X = CF4

=H,
13 X =Cl, 75% 14 X =Cl,
16 X = Br, 78%

19 X = OSO,Ph, 83%
21 X = CF3, 73%

Scheme 4. Reaction of alkenols with 3-benzyloxypropanal. Bn=benzyl

Me._ _OH B + HH_ Ph— $
LwPh e
8
" TMSOTS Ph
- R :
OHC CH2C|2 M O-.\/" : H
e
~"0Bn
9

"~ R=CH,CH,0Bn

Scheme 5. Formation of the two diastereomers 10 and 11.

A. J. Bunt, C. D. Bailey, B. D. Cons, S. J. Edwards, J. D. Elsworth, T. Pheko, C. L. Willis,
Angew. Chem. Int. Ed. 2012, 51, 3901 -3904.



Cascada Reaction using Prins Cyclizations

Mukaiyama Aldol-Prins Cyclization
Table 1. Aldol—Prins Cyclizations with Simple Aldehydes”

I Al Yielge Bpimer P
Eno dehyde ield Ratio® roduct
otk (A 6 YCHO 98% Ll $
o o H O H'o Z —_— Ph fo}
+ v mers
H A R.o B askan e 8
1 2 K
‘Q 6  PhCHO 8% 12
NUH A eyciization " 2 "
H O %_. Nu OH
and work-up
a 5 Ph 0 Ph
Figure 1. Conceptualization of the aldol—Prins reaction to avoid 10

oligomerization in the reaction of electrophiles with alkyl enol ethers. CHO
6 TBSO ™ 87% 181 H
Ph OoTBS

1
CHO
™S 6 O’ 7% 171
Ph
12
Ph (RN
6 21 \rCHO 7% 1Ll
TIPSO O

@ Aldol-Prins cyclizations were run using 2.5 equiv of BF;+OEt,,
2.5 equiv of aldehyde and 1.5 equiv of 2.6-di-tert-butylpyridine.
b Product yields are after chromatography. ¢ Diastereomeric ratios were
based on isolated yields or 'H NMR analysis. ¢ 2.0 equiv of BF:+OEt,,
1.2 equiv of isobutyraldehyde and 1.2 equiv of 2.6-di-rert-butylpyridine
were used.

D. J. Kopecky, S. D. Rychnovsky, J. Am. Chem. Soc. 2001, 123, 8420-8421.



Oxonia-Cope Prins Cyclization

-l ARG ATES Lewis o R 2-oxonia
Bn OM( R1 —. Bn o Z . H1 e
acid + Cope
1 R 2 2
= OTBS
Bn\/§o S
+ R,

Figure 1. 2-Oxonia-Cope rearrangement of the oxocarbenium ion 2 sets
up the intramolecular cyclization reaction of 4.

J. E. Dalgard, S. D. Rychnovsky, J. Am. Chem.

Table 2. Oxonia-Cope Prins Cyclization of Silyl Enol Ether

Substrates
O\ OAc OTBS Lewis acid & R.O
27,
B o}\)\( &) 2,6-DTBMP -
1 R, CH,Cl,, 78 ° ol A
Lewis acid
Entry R, R, (product ratio) Product Yield (%)
(o]
1 H H TMSOTY vﬁj\/\ 99
Bn
A
i oH
0 17
TMSOTf
2 Et H (1.6:1 eg/ax) Bfirj\/\ 99
AN
O H
(o] 18
Z
TMSOTf
¥ CHZ:CH H (2.1:1 eq/ax) B"m/\ 84
o AN
H H
0 19
4 Me Me TMSOTS \rj\/\ 92
Bn o x
H™H 5
o
5 (CH,)s TMSOTf (\h\/\ a3
Bn o x
H H
Pho 21
Me.,
6 Ph Me TMSOTf 88
Bn 0 N
H™H oo
TBDPSO, o
CH,O- TMSOTf Me 77

7 tpps Me

(1.2:1)

g
:
/é

Soc. 2004, 126, 15662-15663.



Mukaiyama-Michael Cascade Reaction

Table 1. Mukaiyama—Michael Cascade Reaction with

3-Butene-2-one (MVK)

9 H
/(\ 0 TiBr,, DTBMP
+
R0 A~ CH,Cl,, 78 °C B
60 min Ra0g
4 5 6
Entry® Enol Ether Product® Yield (%)
9 H
g
| N h o
Ph 07 Ph N0
1 HH
0 H
X
B0 N o ™o
8 9
0 H
N
2 X m/\ 2
TIPSO (0 TIPSO H o H S
10 1"
' H
S
4 )\/(\/\ &j\/\ 7
0T FPr ,§| oa N
13
(e}

H
CH 0= S

c)H
)‘Ij\/\ »
Ph" 20"z e
H™H 17
OH
74
(s it N
H o 19

Scheme 1. Mukaiyama—Michael Cascade Reaction with Ethyl
Acrylate

. o]
/\/(\ /?K/ e Eto)l
Ph o’ EO 781023°C  pp R gt
1 20 21
o 75%, 66:34 dr
A, 3 i
Et/o\Ij\/\ Etojj\/\
: = S s = N
TIPSO a (o) A a () i
22 23 24
68%, 65:35 dr 42%, 64:36 dr 62%, 58:42 dr

M. L. Bolla, B. Patterson, S. D. Rychnovsky,
J. Am. Chem. Soc. 2005, 127, 16044-16045.



Sakurai-Prins-Ritter multicomponent Reaction

Table 1. Sequential Sakurai—Prins—Ritter Reactions

R! OAc ) TMSOTf g1 R?
Y i) TIOH :
OYO + R3 *+ MeCN OH 6 NHAc
iify H,0 T
1a-d R? THS e R2 3aa-ca
Entry  1,3-Dioxane Allyl silane Product, yield (%) (dr)

RH/\rOAC . R! “.NHAC
TMS :
v ° il ohc ©

R? 2a ,:;2
1 1a: R'=c-CgHyy: R%=t-Bu 3aa 79(97:3)
2 1b: R'=c-CgHyy; R%=n-Pr 3ba 80 (97:3)
3 1c: R'= Ph(CH,),; R%=t-Bu 3ca 77(97:3)
4 1d:R'= Ph(CH,),; R?=n-Pr 3da 75 (98:2)
5 1e:R'= PivO(CH,); RZ=(CH,):Cl 3ea 59(90:10)
R Me
2 : NHAc
/I\/TMS OH ©
2b R2
6 1a 3ab 88 (97:3)
7 1b 3bb 71 (97:3)
8 1c 3cb 80 (96:4)
9 1d 3db 72 (96:4) OAc
> c-CgHyy
OAc :
OH 0 NHAC
™S :
t-Bu
10 1a 2c 3ac 61(99.1)°

@ Procedure A: (i) TMSOTTY (1 equiv), —45 °C; (ii) TfOH (2 equiv),
—45 to —15 °C; (iii) Ac20, —15to 0 °C, CH>Cl»/MeCN (1:1). ? Procedure
B: (i) TMSOTI (1 equiv), —45 °C; (ii) TfOH (2 equiv), —45 to 0 °C;(iii)
NaHCOs3, MeCN: see Supporting Information for details. © Tertiary alcohol

Scheme 1. [3+3] Cyclocondensation Strategy

RZ2 1 (o} 3 =
l i R ’ \f I "
Rh 2 SiRs R1\|/\-/\[rR3 LA2 R! R3
08 — 0.9 —sd &
- \
. - &)

Scheme 2. Stereochemical Rationale Based on Alder’s Model
R3

R%1@ RCN 5
—7 ﬁ
"g‘:‘-w"% Oﬁ\ \\

7 4 ®=HorCH0Ac R

R
jwhen R? = Me |||
Me M N&
@ RCN @, RCN
7 Ve — gﬁ —_ Me
6 R 5 7
kinetic thermodynamic

O. L. Epstein, T. Rovis, J. Am. Chem. Soc. 2006, 128, 16480-16481.



2-2. Synthesis of Tetrahydrofurans via Prins Cyclizations

Table 2. Prins-Type Cyclization of Substrate 1 and Various

Scheme 1
OH OH
P T™MS P
phM\ +’ ph/‘\J\r h
1 Lewis acid 5 OH
PhCHO
R4COR;
Lewis acid
Ph+ Ph.
(o) (o)
/</R2 R:>R; ILoR
- - “3 \
\Q_R1 - R
2; Rz =H
™S ™S 3Ry, Ry#H
4a 4b

Table 1. Prins-Type Cyclization of Substrate 1 and
Benzaldehyde under Various Conditions”

OH
Az "™ PhCHO
Ph

Lewis acid, solvent
1 2a

Phe O _LPh

entry Lewis acid solvent time (h) yield 2a (%) -cis/trans®

1 InCl3 CH»Cly 17 22 40:1
2 BF3;.Et30 CH:Cl 17 69 8:1
3 SnCly CH:Cl; 17 80 40:1
4 SnCly Et20 15 80 40:1
5 TMSOTf CHCly -4 33 3:1
6 TMSOTf Et:0 4 91 40:1

@ All reactions were carried out on a 0.35 mmol scale at —78 °C to room
temperature in the presence of 1.1 equiv of Lewis acid. ” Isolated yields.
¢ Ratio based on 'H NMR spectra.

C. Shin, S. N. Chavre, A. N. Pae, J. H.
Cha, H. Y. Koh, M. H. Chang, J. H. Choi,
Y. S. Cho, Org. Lett. 2005, 7, 3283-3285.

Aldehydes®
entry aldehyde product No yield® cis/trans®
Pha O\ ~Ph
1 Ph-CHO K& 2a 91 40:1
p Ph
2 O/*H *i{ O b 8  cisonly
Ph Q.
3 CH3(CH;)sCHO T—<“\ 2c 71 cis only
Phas On Al P
4 Ph(CH:):CHO ~<—<‘v 24 63 cisonly
Phia O Ph
5 Ph(CH»),CHO \(—<V 2e 73 cis only
Pha O
6 (CH;,CHCHO ¢ 2f 83 cis only
° 2 (n8:23) cis only
Q N o s6
7 )J\O‘HFCHO (n=a) i only
A 38 cis only
(n=5)
~-CHO O \/Q
8 - | "L& ‘ 2j 93 cis only
CcHO N Q)
9 S B \ Lo 2k 58 cis only
n &2 cis only
(n=1)
hCHO Orth 2m 78 ;
10 (:CT L{;D (n=2) cis only
2 " cis only
(n=3)
11 7@ "“C( " 20 85 cis only
CHO

@ All reactions were carried out on a 0.35—0.55 mmol scale. ? Isolated
yields. < Ratio based on 'H NMR spectra.



2-2. Synthesis of Tetrahydrofurans via Prins Cyclizations

Scheme 1. Synthesis of 2,3 5-Trisubstituted Tetrahydrofurans

Pheme O N=R;
OH R (0] 3.0 equiv TMSOTf
Al T Gl T
Ph Rz H Etzo. -78 OC“ﬁ R1
(e]
1a Ry = phenyl 2a Ry = 4-nitrophenyl 3a R, = phenyl, R; = 4-nitrophenyl (35%)
1b Ry = CH, 2b R; = phenyl 3b Ry = methyl, R, = 4-nitrophenyl (41%) - R
2¢ R; = methyl 3¢ Ry = methyl, R; = phenyl (38%) )\/ ! -
2d R; = isopropyl 3d Ry = methyl, R; = methyl (30%) Ph 4 TMSOTI 5'(53‘/ R,
3e Ry = methyl, R, = isopropy! (18%) —| Ph /ED)
+ \?H\ ;
H
o & A
Table 1. Synthesis of 3-Furanylidene Derivatives Rz)LH
Pha O~ 4R,
OH Ry o) 3.0 equiv TMSOTf
= + ‘
Ph/‘\/ RZAH CH,Cl,, -78 °C~rt \ R4 o Re
Ti0 X R,
1 H ®~
4a~4k Ho  omy,
& J
entry R Rs no. yield“ (%) 1;420
1 methyl 4-nitrophenyl 4a 77
2 methyl phenyl 4b 68 . Rz
3 methyl  2-naphthyl 4c 68 FasyR
4 methyl 4-chlorophenyl 4d 76b H 5 OH
5 methyl 2-nitrophenyl 4e 35
6 methyl methyl 4f 68 . i
7 methyl ethyl 4g 69¢ I“‘igure‘ 1. Proposed mechanism for the two different solvent
8 methyl isopropyl 4h 60 Systets;
9 methyl n-pentyl 4i 65
10 methyl 2-phenylethyl 4j 61¢
11 phenyl 4-nitrophenyl 4k 64

@ Isolated yields. Two stereoisomers (cis/trans) were obtained in ratios
of 8:1° and 5:1° respectively, which were determined by 'H NMR
spectroscopy.

S. N. Chavre, H. Choo, J. H. Cha, A. N. Pae, K. I. Choi, Y. S. Cho, Org. Lett. 2006, 8, 3617-3619.



2-2. Synthesis of Tetrahydrofurans via Prins Cyclizations

Q 5

H \ :

0. R i

+ < RCHO HO i

HOH & ——— K/\,Ph 5

Ph Br Ph Br SnBry4, TMSBr SnCl, 3 i

trans cis CH.Clp, -78 °C CHyCly, -78 °C i

. 55-92% 88% |
4 examples frans-selective (dr > 88:12) ! 3
4 exampples cis-selective (dr >72:28) E ool HO

Scheme 1. Type 111 y.()-yns‘aluraled Oxonium-Prins Table 2. Oxonium Prins Cyclizations: Exploration of the Scope
Cyclizations with Respect to the Aldehyde Component

Dy ¥

via ﬁi?/; " -~ RCHO (1 equiv) R ;
R TS @ 2z THP OH ?&g; ((11 11equ1y))
A-trans 3 % - roducts -1 equiv
) )\ R — 6-membered ® R P K/\,Ph HT H H‘
07 i ring TS A CH,Cl, Ph H Ph Br ph Br
) . 5-membered -78°C 2-8b 2-8c
ring TS 02 R THE (2, 3-lrans) (2,3-trans) (2,3-cis) (2 3-cts)
via 81 R gl(R g ~" products 3 : b
bﬁf‘/\ or L\D g &R entry R prod. time (h) yield” (%) dr (a/b/c/d”)
R I
TSgeis  TSparans R 1 Me 2 1.5 55 0:0:60:40
2 i-Pr 3 3 92 8:0:80:12
3 Ph 4 1.5 60 77:12:11:0
Scheme 4. Molecular Structure of 10 and a Probably Pathway 4 0-BrCgH, 5 2 71° 28:0:72:0
for Its Formation 5 oNO.CeHy 6 2.5 83 0:0:100:0
6  0-MeOC¢H; 7 4 587 87:13:0:0
Op ® 7 p-BrCgH, 8 2 55 68:20:12:0
?:/\/Ph (1 equiv) oy OQ/\/Q P ® “ The yield is that of the inseparable mixture of isomers unless otherwise
TR n 8 o W 2 e Ph indicated. ” Ratios by integration of 'H NMRs of the crude reaction mixtures;
CHz‘Clzl t4h H assignment of 2 3-stereochemistry is via NOESY (see the Supporting

Information); the configuration at C1” in the major 2,3-rrans and 2,3-cis

l isomers is assumed to be that of a/e by analogy with that determined by
X-ray for 6¢ (Scheme 2). “ 5¢ 44%, 5d 27%, separable. ¢ 5a 58%, 5b not
C%Q isolated, separable.
H -0
PR
10

A. C. Spivey, L. Laraia, A. R. Bayly, H. S. Rzepa, A. J. P. White, Org. Lett. 2010, 12, 900-903.




2-3. Prins-pinacol reaction
Synthesis of Tetrahydropyrans

Scheme 1
1
OH . HOOH
R R°CHO Prins
R? acid R2 Table 1. Synthesis of all-cis-4-Acetyl-2 6-disubstituted
OH +05\F‘3 Tetrahydropyrans 7¢
1 2 cmpd RCHO acid  stereosel” Yield of 7¢ (%)
2 1 7a  PhCH,CH,CHO TfOH 18:1 814
H R R 0 SnCly 10:1 65
(-OH _ e 7b  MeCHO TfOH 11:1 734
R2 9 pinacol : SnCls 10:1 66
o} 3 O Te PhCH>CHO TfOH* 6:1 61
R s s SnCl; 8:1 56
3 4 7d  i-PrCHO TfOH* 14:1 65
SnCly 12:1 68
“ Te -BuCHO TfOH 9:1 76
Seheme2 SnCly  10:1 50
Me. _OH 7t (E)-PhCH=CHCHO TfOH 6:1 68¢
SnCl, 8:1 59¢
CF3S03H or SnCly Tg PhCHO TfOH* 8:1 61
{ + RCHO SnCl; 6:1 76/
Ph” """0OH 6 MeNO,, -25 °C
rac-5 “ Reactions were conducted in MeNO, and employed 75 or 150 mg
of rac-5 (0.25 M), andlunlcss otherwise noted, 0.50 equiv of acid. All
products are racemic. ” Ratio of 7:8 in the crude reaction product by
(E:OMe e capillary GLC analysis. © Yield of stereoisomerically pure 7 after silica
(\/I " gel chromatography. ¢ Stereoisomers 7 and 8 were not separated, and
“ . - the yield refers to this mixture. ¢ 0.25 equiv of TfOH was employed.
Ph7"N07 R PR NTN0T R This product contained a trace of the minor diastereomer 8. ¢ This
7 (ds=6-18:1) 8 9a X=ClorF product contained a small amount of an acetal impurity.

(in CHoCl, only)

a R=CHyCH,Ph; b R=Me; c R=CHyPh;d R =FKPr;
e R=tBu; f R=(F)-CH=CHPh; g R=Ph

M. J. Cloninger, L. E. Overman, J. Am. Chem. Soc. 1999, 121, 1092-1093.



2-3. Prins-pinacol reaction

Synthesis of Tetrahydrofurans

Table 1. Rearrangements of Syn Acetals 6s—10s¢

1 RZRS
R\/)j:C))__P Table 1 R®
Pr ——
[0}

13
6s R'=RZ=H,R3=Me a a
7s R'=H RZ=R%=Me b b
8s R'—R%=(CHgs R*=Me ¢ c
9s R'=R%=H,R%=iPr d d
10s R'—R?=(CHp)s, R®=iPr e e
entry acetal acid time, h % conv 12:13%
1 6s SnCly 14 31¢ >99:1
2 6s TfOH 14 904 >99:1
3 7s SnCl, 14 94 97:3
4 7s TfOH 14 88 97:3
5 8s SnCly 6 80 >99:1
6 9s SnCly 17 67¢ >99:1
7 9s TfOH 16 98 96:4
8 10s TfOH 14 82d 90:10

“ Reactions were conducted in CH>Cl, at —78 °C in the presence of 1.1
equiv of SnCls or 3 equiv of TFOH with acetals of =97% diastereomeric
purity. The acetal concentration was 0.01 M.’ Product ratios were
determined by capillary GLC analysis. © 6s was recovered in 65% yield.
4 Isolated yield. € 9s was recovered in 28% yield.

F. Cohen, D. W. C. MacMillan,

Scheme 3. Model for Stereoselection in the Syn Diol Series

2t
1 R“R
Fou RPN
Me 0 Pr
MeHC 2 R® 12a-e
pinacol
I —H*
OH
1 Prins 3 R’
j?” b LN g
R? H2
. g} tHyz G H
R'\A4.0
>—;~Pr ﬂ
Me” O +H®
6s-108 N Me B2 Me R?
OH , 0 ¥
A gr Pring y
0T N epr ola iPr
R? R
| J
||| pinacol
2 -+
MeHC A o R2 '
OH i J RR
R ‘121 Me//fog "iiPr
13a—e
Scheme 1
Rl
Hi BF3'OE!2 -23°C
R%,]_OH JL
RS RSO4H, 1t %
R4 TOH
1 0
l cat. RSO3H, rt R? R’
RPN
RG
R' R4 ‘05
R%_~ g
3 SnCly, =23 °C 3
ﬁnﬁ

R4 O .
pinacol
2 rearrangement
EO G
5 cycllzatlon Rt o
H R? Rs

A [E = H or Lewis acid] B

A. Romero, L. E. Overman, Org. Lett. 2001, 3, 1225-1228.



2-3. Prins-pinacol reaction

Application — Total synthesis of (-)-7-Deacetoxyalcynonin Acetate

(\-)-ﬁdoacetoxydcyonln acetate (2)

H
ogee ) S
- 8°
: <3 - &
A —_ A
\é/\ms (2) PPTS, MeOH OH ™S
\|(om (64%)
10 11 (ds = 9:1)
J\/\ 13 R' = CHO,
OHC 12 OTIPS R =TIPS (1) AcOH,
H,0
BF3Et,0, CHaCly @ h
-557;":20% i Il 14Rr'=R2=H (2%
(79%) R T™S
H
R' acid
+ RCHO e H CHO
-H
© R N0” R
3 4
I Me &
0
RI
0= i
+ N\ A2 M
Me
L g

Figure 1. Stereochemical analysis of the Prins-pinacol reaction.

D. W. C. MacMillan, L. E. Overman, J. Am. Chem. Soc. 1995, 117, 10391-10392.



3-1. Early Prins Macrocyclizations

1) O, AcOH,
Et,O, 85%
po— 2) ethylene glycol, OH Me
/" \ A; Filtrol, 75% '
C ) .
“‘L//"' 3) Me /""M_/\l/o\
1 //\/Mgcl 2 @] J
Et,0, 15°C, 95%
Me O
= R /'L\

(R, S)-muscone, 6

3. Prins-Type Macrocyclizations

1 mol% 3 /O Me
TsOH @W
V%
toluene, A = H
75%
3
Pd/C, H,
xylene, 135 °C
80%

6r electrocyclic

ring opening
o~ ,j 7"

Scheme 5. Formal synthesis of (R,S)-muscone by Schulte-Elte et al. TSOH = p-toluenesulfonic acid.

K. H. Schulte-Elte, A. Hauser, G. Ohloff, Helv. Chim. Acta 1979, 62, 2673 — 2680.
E. A. Crane, K. A. Scheidt, Angew. Chem. Int. Ed. 2010, 49, 8316 — 8326.



3-2. Application in Natural Product Synthesis

The Scheidt Group approach

g e.f

"neopeltolide" (1) =—— 2 =—— 0 o}
80% 70% Me” 0

'H and "3C data o)

do not match reported data

@ Conditions: (a) 24.6-trichlorobenzoyl chloride, DMAP, THF. (b)
HF-pyridine, THF. (¢) TEMPO, HsCgl(OAc),, CH2Cly. (d) Sc(OTf)3, CaSOy,
MeCN. (e) DMSO, H»0, 130 °C. (f) NaBH4, MeOH, 0 °C. (g) DIAD, Ph;sP,
3. benzene.

15

D. W. Custar, T. P. Zabawa, K. A. Scheidt, J. Am. Chem. Soc. 2008, 130, 804 — 805..

E. A. Crane, K. A. Scheidt, Angew. Chem. Int. Ed. 2010, 49, 8316 — 8326.



3-2. Application in Natural Product Synthesis

The Lee Group approach

OEt O

HOE! O Me 47%(2steps)
Eto)\)\OH W d.r. 9:1
ia //' 20 R=TBS M

e H

OMe 1) TESOTf H H O Me
XY TMSOAC, [ 4H|3
OBn \_.Me AcOH, RT |—= HO o H O

2) K,CO,, 7 6 OMe

19 MeOH 21 Me H

(0] \ l
\- OMe l
1 68% (2 steps),
HO,C\/\/\ nd. S raty
22 neopeltolide (8)

Scheme 9. Synthetic strategies toward neopeltolide by Lee et al. Bn =benzyl, TMS =trimethylsilyl.

S. K. Woo, M. S. Kwon, E. Lee, Angew. Chem. Int. Ed. 2008, 47, 3242 — 3244.
E. A. Crane, K. A. Scheidt, Angew. Chem. Int. Ed. 2010, 49, 8316 — 8326.



3-2. Application in Natural Product Synthesis

Studies towards Clavosolide A by The Rychnovsky Group

Scheme 5. Prins Dimerization and Macrocyclization

o OMe
27557 om "

O OH
2 QTBS 1) HF-pyridine -
o)‘\/\‘/\ THF, (88%) o "= MeOH, CSA
T CHO —_—
OTBS 2) Phl(OAc)z 77%
¢ TEMPO (two steps)
Prins 25

dimerization/
macrocyclization

- s O OH
TV Y - Heo om OJ\/'\IA\ TESOTI (20 equiv)
N O OH | TMSOAc (30 equiv)
0o o ° © o) 0, AcOH (0.03 M)
OH O CH(OMe), x
PO” \/kOH HO—“H wo o (43%)

28

Yamaguchi
esterification

Figure 2. Two alternative strategies for the dimerization and
cyclization of (—)-clavosolide A.

M. R. Gesinski, K. Tadpetch, S. D. Rychnovsky, Org. Lett. 2009, 11, 5342 — 5345.
E. A. Crane, K. A. Scheidt, Angew. Chem. Int. Ed. 2010, 49, 8316 — 8326.



3-2. Application in Natural Product Synthesis

The Wender Group approach

Scheme 1. Synthesis of Bryostatin Analogue 17

SiMe, SiMes
_b. OR O gd.e
1,0
TBDPSG  OBn TBOPSO OR' TBDPSO  OH
5 R=H 7 R=TES R =8n 9 R=TES
al.¢ Rr-TeS [ .g R=TES R=H

W K e S 7 o) N
CsHs bogh 0O T"COMe /g . orR'

Bryostatin 1 Pe Hes CO.Me

K PKC K; = 1.35 nM ) 2
11 R=TES ~— 13 R =TBDPS, R' =TBS
ol 12 Rt '“—= 1 R=R'=H

“ Reagents and conditions: (a) TES-CI, imidazole, CH,Cly, rt, 97%:; (b) (1)
CeCly, TMSCH,MgCl, THF, —78 °C — 1t, 12 h, (ii) SiO,, CH,Cl,, rt, 69%;
(c) Li® naphthalene, THF, —25 °C, 93%; (d) TPAP (10 mol %), NMO (3
equiv), powdered 4A MS, CH:Cl, 1t; (¢) NaClOs, NaH>PO, 2-methyl-2-butene,
2:1 +-BuOH:H;0, 0 °C, 89% from 8: (f) 9, 2.4.6-trichlorobenzoyl chloride,
Et;N, toluene, then 10, DMAP, rt; (g) PPTS (30 mol %), 1:4 H,O:THF, rt,
71% from 9: (h) TMS-OTT, Et;O, —78 — 0 °C, 93%: (i) HF*py, THF, 1t, 77%.

P. A. Wender, B. A. DeChristopher, A. J. Schrier, J. Am. Chem. Soc. 2008, 130, 6658 — 6659.
E. A. Crane, K. A. Scheidt, Angew. Chem. Int. Ed. 2010, 49, 8316 — 8326.



4. Conclusion

1. The Prins reaction has emerged as a powerful merged C-O and C-C bond-
forming technique in the synthesis of tetrahydropyran ring with various
substitution.

2. The application of the Prins macrocyclization in the past two years reflects the
capacity of this approach to construct a tetrahydropyran ring simultaneously
with a macrocycle in a convergent, selective and high-yielding manner.

3. The application of this strategy toward the synthesis of bioactive macrocycles
will continue, thereby firmly establishing it as a powerful method to form
these important small molecules.
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Scheme 1. Unexpected C3 Epimerization in a Prins

Cyclization
Me, —_— SnBry
"o A_0Bn  CHyClp, =78 °C
1
Br Br
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58% 26%
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SnBry A o.\/; :
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Figure 1. The chair and boat 2-oxonia Cope rearrangements that
lead to tetrahydropyran 2 and its C3 epimer 3.



