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A new strategy for synthesis of attached rings

Larry E. Overman and Lewis D. Pennington

Abstract: The first investigation of the use of pinacol-terminated Prins cyclizations to form attached rings is reported.
Treatment of triisopropylsilyl ethers oZ}- or (E)-[2-(6,6-dimethoxyhexylidene)cyclohexanol with Sp@rovides

bicyclic products having attached rings. The approach is synthetically useful B #itikeylidenecyclohexane series,
proceeding selectively by a pathway involving carbon migration in the pinacol rearrangement step, to provide methoxy
epimers of 1-(2-methoxycyclohexyl)cyclopentylcarboxaldehyde. Reaction of the correspdhdirgecisomer is more
complex and yields a mixture of products resulting from both hydride and carbon migration in the pinacol rearrange
ment step.

Key words Prins cyclization, pinacol rearrangement, attached rings.

Résumé: On a réalisé la premiere étude de l'utilisation de cyclisations de Prins terminées par du pinacol dans le but
de former produits auxquels des cycles sont attachés. Le traitement des éthers triisopropyliqdés edgE)([2-(6,6-
diméthoxyhexylidéne)]-cyclohexanol avec du Sn€bnduit & la formation de produits bicycliques auxquels des cycles

sont attachés. L'approche est utile en synthése dans la séeatkylidenecyclohexane puisque, par le biais d’'une

voie impliquant la migration d’'un carbone dans I'étape du réarrangement pinacolique, elle conduit d’'une fagon sélective
aux 1-(2-méthoxycyclohexyl)-cyclopentylcarboxaldéhydes épiméres au niveau du méthoxy. La réaction du stéréoisomere
E correspondant est plus complexe et elle conduit & un mélange de produits qui, dans |'étape du réarrangement
pinacolique, résultent de migrations tant d’hydrure que de carbone.

Mots clés: cyclisation de Prins, réarrangement pinacolique, cycles attachés.

[Traduit par la Rédaction]

Introduction

Myriad opportunities in ring construction are realized by
utilizing a pinacol rearrangement to terminate a Prins cycli-
zation. One of the earliest examples is credited to Mousse
and co-workers (1), who discovered serendipitously the synm | OSiR,
thesis of substituted tetrahydrofurans by acid-promoted-reac
tion of allylic diols with aldehydes. Recent investigations in m
our laboratory (for brief reviews of our early work in this
area, see ref. 2) (3), and elsewhere (for contributions from

other laboratories, see ref. 4) have documented the utility O4ttached rings pose a notable challenge for stereocontrolled

“Prins-pinacol” reactions for forming various oxacyclic and synthesis (the insect antifeedant azadirachtin is exemplary,
carbocyclic ring systems. We have highlighted the power okee ref. 6).

this ring construction method by employing it as the key

strategic element in the synthesis of natural products havmﬁesults

diverse architectures (5). Prins-pinacol reactions have been

most widely employed to form fused polycyclic ring systems The Z and E alkylidenecyclohexane& and 2 were che
(2-5), while their use to form spirocyclic rings is less devel sen for this exploratory investigation (Scheme 1). The
oped (3). Herein we report the first use of a Prins-pinacol stereochemical outcome of the Prins-pinacol reactions-stud
reaction to access attached rings, rings linked by a Ge—C ied in our laboratory is accommodated by a sequence in
bond (eqg. [1]). When the attachment centers are stereogeniwhich stereochemistry is dictated in the Prins cyclization
step, that is pinacol rearrangement occurs more rapidly
Received September 25, 1999. Published on the NRC than conformational changes of the putative carbocation
Research Press website on June 1, 2000. generated upon Prins cyclizationi(3Thus, our initial ex
pectation was that and2 would cyclize to give aldehyd8

and ketonet, respectively. This prediction follows from the
presumption that allylic interactions between the siloxy

((n OMe

OMe Lewis acid

—_—
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(89%) R CeCla-7Ho0
12 R=H,OH MeoH
MeO (81%)
6, KHMDS MeO™
5% HMPA in THF OTIPS
—40°C—>rt . .
(65%, 60% conversion) (10) was prepared in three steps and 72% yield from 6-
1:2=31

Pinacol rearrangement of carbocati@would occur by
migration of a ring carbon to yiel®, since the G—H o-
bond is orthogonal to the vacaptorbital, preventing hy
dride migration. Pinacol rearrangement of carbeniumbDon
would produce4 if hydride migration occurred in prefer

bromohexan-1-ol: if PCC, CHCl,, rt; (ii) p-TsOH-HO,
MeOH, rt; and {ji) Nal, acetone, rt) and-siloxycyclo
hexanone 8, utilizing “salt-free” Wittig conditions (11)
(Scheme 2). The 3:1 mixture dfand?2 thus obtained could
be separated by flash chromatography using Agliapreg
nated silica gel.

A route that would lend itself to obtaining enantioenriched
2 by enantioselective reduction of an enone precursor (12)

ence to migration of ring bond a (for reviews of the pinacolwas also developed (Scheme 3). The key step in this se

rearrangement, see ref.a)9. The relative stereochemistry quence was Suzuki coupling of boronic a@idyenerated in
at the stereogenic attached carbong @fould be governed situ from the corresponding alkene (14) by a standard
by which face of the alkene participated in the transforma hydroboration—oxidation sequence (13), and enol trifti@e
tion of C - D. Additionally, the stereochemistry of the (15) (although not mentioned in (15), triflate 10 decomposed
methoxy substituent in the products would be determinedapidly at room temperature if 2,4,6-collidine was not pres
by the orientation of the alkene and the oxocarbenium iorent) to give enond 1. Luche reduction (16) oi1 produced
during Prins cyclization. Although our exploratory investi alcohol 12, which was then silylated to furnish
gations would be carried out with racemic substrates, one 'H NMR nOe difference experiments readily confirmed
appeal of the route td proposed in Scheme 1 was the-ex stereochemical assignments for the alkylidene stereoisomers:
pectation that2 would also be readily available in 2 displayed reciprocal nOe enhancements between the
enantioenriched form. vinylic and C1 hydrogens, whil& did not.*H NMR spectra
Alkylidenecyclohexyl ethersl and 2 were initially pre  of 1 and 2 suggested somewhat different conformations for
pared by coupling phosphonium sélt(the known iodide5  the two substrates. Diagnostic were signals for the C1
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Scheme 4.
MeO.
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1 3a
OMe
| OMe SnCl, oMe
OTIPS  “Meno,  OHOS M
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(5.3:1, 43%)

hydrogen, which forl appeared as a broad singlet,, =
7.7 Hz) atd 4.71, whereas the corresponding hydroger2 of
appeared as a multipletv(, = 15.4 Hz) aB 4.10. These dif

ferences reflect the greater proportion of conformers having

the siloxy substituent axial id.
Exposure ofl or 2 in MeNO, to 0.5 equiv. of SnCl at

0°C for 2 h resulted in efficient Prins-pinacol reaction to
give bicyclic products (Scheme 4). No reaction was observel

under identical conditions at —23°C. Tlzealkylidene sub-
stratel provided exclusively aldehyde produ@a and3bin
a 1:1.7 ratio. In contrast, thE alkylidene substrat@ deliv-

ered a complex mixture of six products, in which the ratio of
cyclopentylcarboxyaldehyde to cyclohexanone products wa

1.3:1. In this latter case, aldehyde stereoisoBemwas fa-

vored to the extent of 5.3:1, while two major ketone

stereoisomergta and 4b were produced in a 1.9:1 ratio.
With the exception ofta and4b, all products could be sepa-
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3b

4a  (1.9:1,30%) 4b 4c+4d

(1:1.5, 4%)

RuClgexH,0, NalO4

CCly, MeCN
pH 7 buffer
rt

(55%)

(3]

(1.8:1) 14b

rated by medium pressure liquid chromatography (MPLC).

The mixture of 4a and 4b was contaminated with
triisopropylsiloxy residues, thus the yield and ratio of thes
products are estimates based '#hNMR analysis.

The stereochemistry &&a and3b were defined by single-
crystal X-ray analysis of thiosemicarbazone derivatihv@
prepared fronBb? (eq. [2]). The relative stereochemistry of

s
HaNo AL
2
H
H
[2] MeO", X cuo MeO” i s N _NH,
AcOH N
n S
(49%)
3b 13
(X-ray)

the attached stereogenic carbonsdaf and 4b was deter

mined by oxidizing (17) a 1.9:1 mixture of these
stereoisomers with Rufto yield a 1.8:1 mixture of the
known diketones14a and 14b (18) (eq. [3]). These

diketones were readily separated by MPLC and characteparts apparently was

ized by their distinctivetH and3C NMR spectra (18). The

e

axial disposition of the methoxy substituent 4a and 4b
was readily apparent fromtH NMR spectra: the ether
methine hydrogens in théa—4b mixture appear as partially
overlapping broad singlets &t3.39 andd 3.36, while the
corresponding signals dfc and4d appear as diagnostic trip
let of doublets ab 3.30 J = 10.3, 4.0 Hz) and 2.84 J =
9.7, 4.0 Hz), respectively.

Discussion

The results summarized in Scheme 4 establish that Prins-
pinacol reactions can be profitably employed to prepare at
tached ring systems. However, our initial expectations were
realized to only a limited extent. As we had anticipated, the
pinacol rearrangement step in the reactionZoélkylidene
stereoisometl occurs exclusively by ring contraction (ear
bon migration) to form 1-(cyclohexyl)cyclopentylcarlzox
aldehyde product8 (Scheme 5). Since hydride migration to
form ketone products was not observed, conformational con
version ofB1 or B2 to their pseudoequatorial siloxy counter
not competitve with pinacol
rearrangement. Attack of the alkene is depicted in Scheme 5

2The authors have deposited atomic coordinates for 13 with the Cambridge Crystallographic Data Centre. The coordinates can be obtained
on request, from the Director, Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge, CB2, 1EZ, U.K.
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Scheme 5.
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to occur opposite the siloxy group iRl and A2, although Fig. 1. Favored synclinal orientations in the Prins cyclization

there is no experimental support for this supposition. Th_estep of the exocyclic alkene and thealkoxycarbenium ion.
stereochemical information necessary to define face selectiv-

ity is lost since C1 in3 is not stereogenic.

The generation of both cyclopentylcarboxaldehyde anc ;OTIPS _:O;IPS
cyclohexanone products from Prins-pinacol reactionEof ‘LLL
stereoisomee is consistent with cyclization-rearrangement r"‘
occurring through pathways of similar energy having the MeQ, H MeQ
siloxy substituent either pseudoequatorial or pseudoaxial il
the starting cyclohexane ring (Scheme 5). If this group isP! fa\l/)or?d7(.)1ver A2 c2 fa\éore5d39¥er C1
axial, cyclopentylcarboxaldehyde3a and 3b would be yi.r Yo
formed C1 - D1 - 3b andC2 - D2 - 3a). Alterna
tively, Prins cyclization of oxocarbenium ion conformers MeO. X ;OTlPS
C3 and C4 having the siloxy substituent equatorial, would H
initially generate cyclohexyl cation®3 and D4. Migration HH rfé
of either the ring bond to generaBa, or methine hydrogen OTIPS MeO,
to generate 4a from D3 (and 4b from D4), is
stereoelectronically feasible (the dihedral angle betwee! c3 C4
both of these groups and the vacanorbital would be ca. C3 and C4 favored over topographies leading to 4¢ and 4d
60°C; this analysis assumes that pinacol rearrangement o by ~7:1

curs faster than conformational interconversion of the

cyclohexylcarbenium ion {3). The typical preference for

hydride migration in stereoelectronically unbiased systems

suggest tha#da and 4b would be the major products of

these latter pathways (for pinacol rearrangements ofpne assumes that the sterecisomeric products are generated

cyclohexylcarbenium ions, see ref.b9. by the sequences proposed in Scheme 5, a synclinal orienta
The stereochemistry of the methoxy substituent in -aldetion (19) having the methoxy portion of the oxocarbenium

hydes3 and ketonegl reflects the orientation of the alkene ion oriented away from the siloxy group is favored in both

and the oxocarbenium ion in the Prins cyclization (Fig. 1). Ifreaction manifolds (Fig. 1).

© 2000 NRC Canada
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Experimental section® Purel was obtained from the mixture df and8 as fol
lows. Sodium borohydride (NaBfH41 mg, 1.1 mmol) was
added to a solution of th&-8 mixture (0.92 g) and MeOH

. L 5.0 mL). After stirring for 20 min, saturated aqueous
A mixture of pyridinium p-toluenesulfonate (PPTS, (NaHCQ)(S mL) and he?(anes (100 mL) were added?the or
0.22 g, 0.88 mmol), 2-hydroxycyclohexanone (1.0 g, 8.7 MMol), 5 i javer was washed with saturated aqueous NaH@O
and CHCI, (33 mL) was stirred at rt for 3 h. Pyridine 50 mL) and brine (100 mL), dried (MgS® and concen
(31'31 TL'1214 mrlnol), C;[rlllscapropglhlslllyl .mﬂate.d(.TIPSD'?A-Eb trated. The silyl ether protecting group of the diols derived
O.llm '0 92mmo)i an '(d'(TGd yamln?)pi?/rl mdet(h ’lfrom 8 was then selectively removed (to facilitate isolation
0.11 g, 0.92 mmol) were added sequentially and the resulty¢ 16 1) hy maintaining a solution of this residue, tetra-
ing mixture was stirred at rt for 10 min. The mixture was butylammonium fluoride (TBAF, 0.86 mL, 0.86 mmol
partitioned between saturated aqueous Nahi(ZD0 mL) 1.0 M solution in THF), and THI,: (5.0 mL) ,at rt for 12 h.,
and.pentane (200 mL), the layers were s_eparated and the % turated aqueous NaHG@LO mL) and hexanes (70 mL)
ganic !ayer was washed sequentially wit4 (200 mL),_ were added, the organic layer was washed with saturated
a_md _brme (200 mI__), dried (MgSfp, and concentrated. Puri aqueous NaHCQ (5 x 50 mL), brine (50 mL), dried
f|cat|0n.of the residue by column chromatograp?y on S'I'Ca(MgSO4), and concentrated. The crude product was purified
gel (18:1 hexane-ethyl acetate) gave 2.1 g (89%3 @k a . "o1ymn chromatography on silica gel (18:1 hexane—ethyl

clear pale yellow oil. FT-IR (neat): 1727 cf 'H NMR acetate) 1o gi ; -
: give 0.70 g (42%, 3 steps, 60% conversion during
(300 MHz, CDC) o: 4.21-4.16 (m, 1H), 2.68-2.59 (m, Wittig coupling) of 1 as a clear yellow oil.'H NMR

1H), 2%6—2.17 (m, 1H), 2.08-1.58 (m, 6H), 1.15-0.96 (M, 30 My, CDCH 5: 5.01 (1, = 6.9 Hz, 1H), 4.71 (br s,
21H). °C NMR (75 MHz, CDCY) 8: 2104, 39.7, 37.3, 111" 4 e’ 3= 5.6 Hz, 1H), 3.31 (s, 6H), 2.50-2.45 (m
27.7, 22.2, 17.9, 17.7, 12.2. HRMS (FAB)/z 271.2098 T ' ’ ' ‘T ' 511 y '
: 1H), 2.03-1.22 (m, 15H), 1.04-0.93 (m, 21HFC NMR
(MH, 271.2093 calcd. for GH3,0,Si). Anal. calcd. for :
C o OSh C 866l H1LLs B ea70 H 1112 (75 MHz, CDCh) 3: 141.8, 121.5, 104.4, 66.0, 52.6, 52.5,
1571302 U e ) T =% 36.1, 32.4, 30.0, 28.9, 27.0, 24.4, 20.5, 18.1, 18.0, 12.3. FT-
IR (neat): 2938, 2864 cth HRMS (FAB): m/z 397.3148
Z-[2-(6,6-Dimethoxyhexylidene)cyclohexyloxy]triiso- (M—H, 397.3138 calcd. for £H,s05Si). Anal. calcd. for
propylsilane (1) C,3H460:Si: C 69.29, H 11.63; found: C 69.38, H 11.53.
Calcium carbonate (0.81 g, 8.1 mmol), Ph(5.1 g,
19 mmol), and CHCN (5.0 mL) were added sequentially to E-[2-(6,6-Dimethoxyhexylidene)]cyclohexanone (11)
iodide 5 (10, 11, 24) (4.4 g, 16 mmol). After bubbling,N A mixture of 9-borabicyclo[3.3.1]nonane (9-BBN, 2.5 g,
through the mixture for 5 min, the mixture was heated to re-L0 mmol) in THF (65 mL) was added to a solution of 1,1-
flux. After stirring for 2.5 h, the mixture was cooled to rt dimethoxypent-4-ene (15) (2.4 mL, 16 mmol) and THF
and concentrated. The crude product was purified by columi21 mL) at 0°C, and the cooling bath was removed. After
chromatography on neutral alumina (sequential elution, 1:&tirring for 6 h 3 M agqueous NaOH (7.6 mL, 23 mmol) was
hexane—ethyl acetate, to isolate excesgPPi8:1 CHCI2—  added, and after stirring vigorously for an additional 15 min,
MeOH, to isolateb) to give 7.7 g (89%) of slightly impuré  the crude organoborane was added by cannula to a solution
as a hygroscopic and colorless waxy soltH NMR  of triflate 10 (2.1 g, 8.3 mmol), 2,4,6-collidine (3.0 g,
(300 MHz, CDCh) &: 7.75-7.61 (m, 15H), 4.21 (&) = 25 mmol), PdC)(dppf)®CH,Cl, (0.93 g, 1.1 mmol), and
5.5 Hz, 1H), 3.57-3.48 (m, 2H), 3.19 (s, 6H), 1.59-1.23 (m,THF (40 mL). After stirring for 30 min, the reaction mixture
8H). HRMS (ClI): m/z 407.2131 (M-I, 407.2140 calcd. for was partitioned between pentane (200 mL) andOH
CyeH3,0,P). (200 mL) and the layers were separated. The organic layer
Using a modified version of the general procedure ofwas washed sequentially with saturated aqueous G($®
Koreeda et al. (12), potassium bis(trimethylsilyl)amide 200 mL), saturated aqueous NaHL@00 mL), and brine
(KHMDS, 30 mL, 15 mmol, 0.5 M solution in toluene) was (200 mL), dried (MgSQ), and concentrated. The residue
added to a solution of phosphonium salf7.4 g, 14 mmol) Wwas triturated with pentane and the filtrate was concentrated.
in THF (83 mL) and hexamethylphosphoramide (HMPA, The crude product was purified by column chromatography
9.2 mL) at —40°C. After stirring the resulting mixture for on silica gel (5:1 hexane—ethyl acetate) to give 2.2 g (80%)
10 min, a cooled (=40°C) solution & (1.9 g, 9.9 mmol) of 11as a clear pale yellow oitH NMR (300 MHz, CDC})
and THF (7.7 mL) was added, and the cooling bath was red: 6.58 (t,J = 7.5 Hz, 1H), 4.32 (tJ = 5.7 Hz, 1H), 3.28 (s,
moved. After 1 h, saturated aqueous NaHGD0 mL) and ~ 6H), 2.46-2.37 (m, 4H), 2.08 (d,= 7.3 Hz, 2H), 1.86-1.30
hexanes (200 mL) were added and the layers were separatdd, 10H). *C NMR (75 MHz, CDC}) &: 201.1, 139.2,
The organic layer was washed sequentially with saturated36.2, 104.3, 52.6, 40.1, 32.2, 28.2, 27.6, 26.6, 24.3, 23.5,
aqueous NaHCQ (200 m|_), 10% agueous u3203 23.3. FT-IR (neat): 1688, 1615 ¢ HRMS (FAB) m'z
(200 mL), HO (100 mL), brine (100 mL), dried (MgSy ~ 263.1616 (M+Na, 263.1623 calcd. for fBi,,Na0;).
and concentrated. The crude product was purified by column
chromatography on AgN@impregnated silica gel (9:1 E-[2-(6,6-Dimethoxyhexylidene)]cyclohexanol (12)
CH,Cl,—benzene), yielding 0.92 g of a mixture dfand 8 Cerium(lll) chloride heptahydrate (3.4 g, 9.0 mmol) was
and 0.13 g of a mixture ot and 2. added to a solution ofl1 (2.2 g, 9.0 mmol) and MeOH

2-(Triisopropylsiloxy)cyclohexanone (8)

3Experimental details for preparation fand correlation of théa-4b mixture with diketonesl4a and 14b are provided as Supplementary
Material.
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(49 mL). After stirring for 5 min, NaBH (0.37 g, 9.7 mmol) calcd. for G3H,,0,). This product was unstable and was
was added portionwise, and after stirring for an additionalconverted immediately to the corresponding thiosemicar
20 min, saturated agueous NaHL(@O mL) and pentane bazonel5 for additional characterization (vide infra).

(250 mL) were added. The organic layer was washed with

saturated aqueous NaHGQ2 x 150 mL), brine (2 x 3b

150 mL), dried (MgSQ), and concentrated. The crude prod 0.039 g (5%) as a clear colorless oil. FT-IR (neat):
uct was purified by column chromatography on silica gel1714 cnm®. *H NMR (300 MHz, CDC}) &: 9.28 (s, 1H),
(5:1 hexane—ethyl acetate) to give 1.7 g (78%)1@fas a 3.11 (s, 3H), 2.67 (tdJ = 9.7, 3.7 Hz, 1H), 2.14-2.03 (m,
clear pale yellow oil*H NMR (300 MHz, CDC}) &: 5.32  2H), 1.85-1.04 (m, 15H)3C NMR (75 MHz, CDC}) &:

(t, J=6.8 Hz, 1H), 4.33 (tJ = 5.7 Hz, 1H), 4.04 (br s, 1H), 201.3, 82.1, 58.8, 55.6, 47.5, 31.3, 30.9, 26.9, 25.8, 25.2,
3.28 (s, 6H), 2.41-2.33 (m, 1H), 2.01-1.33 (m, 16MC  25.1, 24.9, 24.5. HRMS (FAB):m/z 211.1696 (M+H,
NMR (75 MHz, CDCE) 6: 141.1, 120.8, 104.4, 73.6, 52.5, 211.1698 calcd. for GH,,0,). This product was unstable
36.1, 32.2, 29.7, 27.2, 26.6, 25.9, 24.2, 22.8. FT-IR (neat)and was converted immediately to thiosemicarbazde
3440 cmt. HRMS (FAB): m/z 265.1773 (M+Na, 265.1779 (vide infra).

calcd. for G4H,gNaGs). Anal. caled. for G,H,cO5: C 69.38,

H 10.81; found: C 69.17, H 10.65. 4a + 4b

0.25 g (30%, contaminated with what is estimated*by
E-[2-(6,6-Dimethoxyhexylidene)cyclohexyloxy]triise NMR analysis to be 40 mg of hydroxytriisopropylsilane,
propylsilane (2) TIPS-OH) as a clear, pale yellow oil. Characterization data

Pyridine (0.77 mL, 9.5 mmol), TIPS-OTf (2.6 mL, for this mixture, FT-IR (neat): 1707 crh 'H NMR
9.5 mmol), and DMAP (0.083 g, 0.68 mmol) were added se (300 MHz, CDC}) 6: 3.39 (br s, 1H), 3.36 (br s, 1H), 3.25
quentially to a solution ol2 (1.7 g, 6.8 mmol) and CkCl, (S, 3H), 3.21 (s, 3H), 2.61-1.12 (m, 36HJ*C NMR
(68 mL). After stirring for 20 min, the reaction mixture was (75 MHz, CDCL) &: 214.3, 77.6, 74.7, 56.2, 55.6, 53.5,
partitioned between pentane (125 mL) and saturated aqueo@4.9, 42.8, 42.7, 39.5, 39.1, 31.2, 30.9, 29.1, 28.8, 27.8,
NaHCQO; (100 mL). The organic layer was washed sequen27.5, 26.5, 26.0, 25.9, 24.9, 24.8, 23.2, 19.9, 19.8. HRMS
tially with saturated aqueous NaHGQ100 mL), HO  (CI): Mz 211.1696 (M+H, 211.1698 calcd. forgH,,0,).
(75 mL), saturated aqueous CuS@5 mL), H,O (75 mL),  This mixture was c_onverted immediately to known diketones
and brine (2 x 75 mL), dried (MgS@Q and concentrated. 14aand14b (vide infra).
The crude product was purified by column chromatography
on silica gel (18:1 hexane—ethyl acetate) to give 2.0 g (73%510 )
of 2 as a clear pale yellow oitH NMR (300 MHz, CDC}) 10 mg (1.5%) as a clear, colorless oil. FT-IR (neat):
3:5.34 (,J = 7.3 Hz, 1H), 4.35 (tJ = 5.7 Hz, 1H), 4.11- 1707 cm’. *H NMR (300 MHz, CDC}) &: 3.30 (td,J =
4.09 (m, 1H), 3.31 (s, 6H), 2.38-2.35 (m, 1H), 2.01-1.3410.3, 4.0 Hz, 1H), 3.26 (s, 3H), 2.61-2.56 (m, 1H), 2.39-
(m, 15H), 1.10-0.98 (m, 21H}3C NMR (75 MHz, CDCL)  1.02 (m, 17H).**C NMR (75 MHz, CDC}) &: 212.6, 80.4,
5: 141.5, 120.4, 104.5, 74.5, 52.6, 37.5, 32.4, 29.8, 27.69°.9, 50.0, 45.2, 42.2, 30.8, 30.0, 26.8, 26.5, 26.1, 24.9.
26.6, 25.9, 24.3, 22.8, 18.1, 12.3. FT-IR (neat): 2939HRMS (CI): m/z 211.1695 (M+H, 211.1698 calcd. for
2863 cm™. HRMS (CI): m/z 398.3216 (M, 398.3216 calcd. Ci3H2:02).
for C,3H,4605Si). Anal. calcd. for GH,4605Si: C 69.29. H

11.63; found: C 69.39, H 11.69. )
17 mg (2.3%) as a clear, colorless oil. FT-IR (neat):

Prins-pinacol rearrangement of 2 1707 cm®. 'H NMR (300 MHz, CDC}) &: 3.24 (s, 3H),
Tin(IV) chioride (SnC}, 0.20 mL, 1.7 mmol) was added 2-84 (td,J = 9.7, 4.0 Hz, 1H), 2.62 (m, 1H), 2.46 (m, 1H),

dropwise to a stirring suspension #{1.4 g, 3.4 mmol) and 2:29-1.61 (m, 12H), 1.29-0.87 (m, 4HJC NMR (75 MHz,

MeNO, (34 mL) at 0°C. After stirring at 0°C for 2 h, B CDCl,) &: 212.9, 80.3, 55.7, 50.9, 41.7, 30.8, 27.7, 27.5,

(15 mL) and MeOH (15 mL) were added sequentially, and?/:1; 25.6, 24.7, 24.1. HRMS (FABjn/z 211.1694 (M+H,

the mixture was warmed to rt and was diluted with hexane£11-1698 calcd. for £Hz;05).

(250 mL). The organic layer was washed with saturated .

aqueous NaHCQ(3 x 200 mL) and brine (200 mL), dried Prins-pinacol rearrangement of 1 _

(MgSQ,), and concentrated. The crude product was purified The procedure was identical to that described above;for

by medium pressure liquid chromatography (MPLC) (Lobarl gave 0.11 g (29%) o8a and 0.17 g (46%) o8b as clear,

prepacked column, LiChropr&f Si 60 silica gel; gradient pale yellow oils.

elution, hexane- 18:1 hexane—ethyl acetate) to give the fol

lowing fractions. (x)-rel-R,S-[1-(2-Methoxycyclohexyl)cyclopentylmethyd
ene]thiosemicarbazone (15)
3a A solution of 3a (0.049 g, 0.23 mmol), glacial acetic acid

0.27 g (37%) as a clear, pale yellow oil. FT-IR (neat): (2.3 mL), and thiosemicarbazide (0.043 g, 0.47 mmol) was
1715 cm’. 'H NMR (300 MHz, CDC}) &: 9.56 (s, 1H), maintained at rt for 4 h. The reaction mixture was diluted
3.39 (br s, 1H), 3.15 (s, 3H), 2.27-2.21 (m, 1H), 2.02-1.96with toluene (5.0 mL), concentrated, and the residue was pu
(m, 2H), 1.79-1.13 (m, 14H):3C NMR (75 MHz, CDC}) rified by column chromatography on silica gel (5:1 hexane—
0: 203.7, 60.4, 55.7, 53.0, 32.6, 31.4, 27.8, 26.7, 24.8, 24.Jethyl acetate) to give 66 mg (81%) 46 as an off-white
23.3, 19.9. HRMS (FAB):m/z 211.1703 (M+H, 211.1698 solid, mp 175-177°C. FT-IR (KBr): 3435, 3256, 3149, 3029,
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1594, 1534 cmt. *H NMR (300 MHz, CDCL) 5: 8.99 (brs, 3.

1H), 7.33 (s, 1H), 7.03 (br s, 1H), 6.26 (br s, 1H), 3.47 (br s,
1H), 3.19 (s, 3H), 2.13-1.92 (m, 3H), 1.76-1.13 (m, 14H).
13C NMR (75 MHz, CDC}) &: 177.8, 154.8, 77.2, 55.5,
53.3, 52.9, 34.8, 34.7, 28.1, 26.5, 23.7, 23.4, 19.8. HRMS
(C): m/z 283.1712 (M, 283.1718 calcd. for,§H,5N50S).
Anal. calcd. for G4H,5N;0S: C 59.33, H 8.89, N 14.83;
found: C 59.45, H 8.86, N 14.71.

(x)-rel-S,S-[1-(2-Methoxycyclohexyl)cyclopentylmethyd
ene]thiosemicarbazone (13)

The procedure followed was identical to that described for
33, 3b gave 0.088 g (49%) o3 as a colorless solid, mp
168-170°C. FT-IR (KBr): 3430, 3269, 3142, 1589,

1522 cntt. 1H NMR (300 MHz, CDC}) 5: 10.03 (br s, 1H), 4.

7.29 (s, 1H), 7.05 (dJ = 3.0 Hz, 1H), 6.68 (br s, 1H), 3.21
(s, 3H), 2.76 (tdJ =10.0, 3.9 Hz, 1H), 2.13-1.93 (m, 3H),
1.84-0.91 (m, 14H)13C NMR (75 MHz, CDC}) &: 177.4,

154.8, 82.1, 55.4, 52.7, 52.1, 36.4, 32.6, 31.2, 27.3, 25.8,5.

24.5, 24.2, 23.2. HRMS (Cl)m/z 283.1719 (M, 283.1718
calcd. for G4H,sN3;0S). Anal. calcd. for ¢H,sN;0S: C
59.33, H 8.89, N 14.83; found: C 59.36, H 8.84, N 14.72.
Conclusions

This study constitutes the first investigation of the use of

pinacol-terminated Prins cyclizations to form attached rings. /-

In the Z alkylidenecyclohexane series, the approach is syn-
thetically useful, proceeding selectively by a pathway in-
volving carbon migration, to provide methoxy epimers of 1-
(2-methoxycyclohexyl)cyclopentylcarboxaldehyde. Reaction
of the correspondindge stereoisomer is more complex and
yields a mixture of products resulting from both hydride and
carbon migration. Future efforts to exploit this novel ap-
proach to the synthesis of attached rings should focuZ on
alkylidene substrates.
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