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Diastereoselective Manipulations of Bicyclo[m.1.0]alkane Derivatives. S.
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Abstraci: a'-Aikylations of bicyciofm.1.0]alkan-2-ones were shown to proceed with high
diastereoselectivity under conditions which favor kinetic control of the product distribution. Product

proaduct disuip

yields for active electrophiles were good to very good. In sequential o'-alkylations with different
electrophiles, reversai of the order of aikylation switches the configuration of the newiy formed
quaternary center. © 1998 Elsevier Science Ltd. All rights reserved.

Bicyclo[m.1.0]alkan—2-ones 1 possessing cis ring fusion for m = 3—14 or trans ring fusion for m = 7-14
are available in either enantiomeric form via diastereoselective cyclopropanation of certain 2—cycloalken—1--one
ketals.! We have undertaken studies of the conformations? and reactivities? of these compounds in
anticipation of their expanded use as intermediates in natural products synthesis.4 We recently reported that
nucleophilic additions of bicyclo[m.1.0]alkan-2—ones exhibit high diastereoselectivity when m > 6.32 This
selectivity was attributed to a highly conserved local conformation for the o,B-cyclopropyl ketone functional
group array in which approach to one face of the carbonyl is blocked by the transannular atoms of the larger
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ing. Also pertinent to future use in construction of natural products is o'—deproton
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erein are results of a study of alkylation of enolates derived from several

a,B—cyclopropyl ketones 1.6
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Bicyclic ketones 2-6 were employed in this study (Table 1). Ketones 2-4 were racemic and were
nranarad huv niihlichad adurac 7 etonec & and 6 were enantinmerically enrichad 1>0004 aa) and were
VFUI\IVU UJ y“vllt’ll‘v‘“ ylvvvuwvo. AWWIVIIWY o Uil U YYULL W viidlalividiviivall wiliviivua \"_ FAY el b\a} Ali\d vvwiw

prepared as previously described.32

Treatment of bicyclo{3.1.0jhexan—2—one (2) with lithium diisopropylamide (LDA) in THF solution at
-78 °C, followed by addition of 5 equivalents of oi—bromotoluene, produced a single monobenzylated product
in 70% yield. Comparable yields were obtained using as little as 1.3 equivalents of a—bromotoluene, but use
of excess alkylating reagent speeded completion of the reaction.8 The product was assigned structure 7a by
comparison of the !H NMR chemical shifts of the geminal endo and exo cyclopropane protons with the

chemical shifts of the corresponding protons of 2 and several o,0'-dialkylated ketones (vide infra).

Tahla 1 ' kvliatinne nf FEnnlatae Narivad At Ricvelalmm 1 Nlalllan_ 2 _Anec 7.4
A ERFEAW & LY a3 xm; ACARIVEMAD Wi AAEVIGWWY A/WiIl Y WAl L1VLRIL ul\d)' UI\JLIII IS 'VJHLI\(—HI L VTRIND A TNF
1. LDA
(o] o) O
T THF R0 _Hoh
al TP -78 OC " g mn ' Rl“.' gy s
k ~CH2 )‘_‘\'\UHQ + k )__,;'\UHQ
‘(CHz)m-a 2. R-X \(CHZ)m—~3 \(CHﬁm—B
a b
Ketone m R-X Products Yieid, %% | Diastereomer
Ratio?

2¢ 3 CgHsCH2Br 7a 70 >20:1

CsHsCH»Br 8a,8b 70 8:1

3¢ 4 CH=CHCH,Br 9a,9b 13 7:1
CH3l 10a,10b 68 10:1

CH3(CH>3)¢l 11a,11b 18 4:1
CeHsCH2Br 12a 75 >20:1
4c 5 CH,=CHCH;Br 13a 78 >20:1
CH;3l 14a 80 >20:1
Ce¢HsCH,Br 15a 73 >20:1
5 6 CH,=CHCH;Br 16a 71 >20:1
CHil i7a 81 >20:1
CH3(CHj)gl 18a 29 >20:1
6 12 C¢HsCHaBr 192,19b 31,264 1.2:1€

2Yield of monoalkylated products. bDetermined by NMR spectroscopy; limit of detection 20:1. “Racemic
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nd alkylated using oi—bromoioiuene, 3-

| Ry gy

Bicyclo{4.1.0}heptan—2-one (3) was similarly depr
bromopropene, iodomethane, and 1-iodoheptane as electrophiies.® Yieids of monoaikylated products were
good except for 1-iodoheptane, where a substantial amount of 3 remained even after prolonged reaction times.
Additionally, small amounts (>10%) of doubly alkylated products were obtained. Major and minor
monoalkylated product diastereomers were detected by !13C NMR and GC/MS analyses.?:10 Product
diastereomers were not separable by preparative column chromatography. In the case of benzylation, the
initially formed major diastereomer was assigned structure 8a by comparison of the |H NMR chemical shift of
the geminal endo and exo cyclopropane protons with the chemical shifts of the corresponding protons of 3 and

several of ﬂ'-dla"(vlm‘ed ketones (vide infra). Structures 9a-11a were assi

L] i S [% 4

ned by analogy with 8a,

gned by analogy with
o'-Alkylations of bicyclof5.1.0Joctan—2—one (4) and bicyclo[6.1.0]nonan—-2-one (5) using o—bromo-

toluene, 3-bromopropene, and iodomethane as electrophiles gave only monoalkylated products in good yields.
Alkylation of § using i-iodononane gave a monoaikylated product in poor yield. Minor diastereomers were
not detected. Structures 12a—18a were tentatively assigned to the products based on the expected approach of
the electrophile to the less hindered exo face of the enolate.!!

o'—Alkylation of 6 using o—bromotoluene as the electrophile gave recovered 6 and, in fair yield, a 1.2:1
mixture of chromatographically separable products 19a and 19b. Structures could not be assigned to these
diastereomeric products.!2

onoalkylation, our attention turned to studies of sequential alkylation (Table 2).
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The result of this alkylation was disappointing, and so alternative alkylation procedures were investigated. It
was found that treatment of 7a with NaH and iodomethane in THF solution at reflux produced the methylated
product in 63% yield with no apparent loss of diastereoselectivity. Structure 20a was assigned to this product
by comparison of the 'H NMR chemical shift of the geminal endo and exo cyclopropane protons with the
chemical shifts of the corresponding protons of 2, 7a, and o',a'-dibenzylated ketone 21, prepared by
benzylation of 7a (Table 2 and vide infra).

o'—Allylation of bicyclo[4.1.0]heptan—2—one derivative 8a also exhibited high diastereoselectivity. An

improvement in yield was again observed when NaH was employed as the base in THF solution at reflux.
the 1|H NMR chemical shi
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lated as a minor product from benzylati
Benzylation of 9a was somewhat less diastereoselective, producing in 74% yield an 11:1 mixture of products
that were inseparable by preparative column chromatography. Structure 24a was assigned to the major
diastereomer and structure 24b (identical with 22a) was assigned to the minor diastercomer.
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Table 2. a'-Alkylations of Enolates Derived from 3-Alkylbicyclo[m.1.0]alkan-2-ones.

. RO g - ”
174cH2 TmeH,  + [ JrucH,
e e s
(Hims  RPX Highma NCHams
a b
Ketone | m R! Base R2.X Products | Yield, | Diastereomer
: o, Ratio?

LDA CHI 200 | 32 >20:1
7a 3 CHyCgls NaH CH;5I 20a 63 >20:1

NaH CeHsCH,Br 21 43 na
8a 4 CH»CsHs LDA | CH;=CHCH»Br 22a 54 >20:1
NaH | CHy=CHCH,Br | 22a 80 >20:1

9a 4 CHy=CHCH; | LDA CeH5CH,Br 24a,24b 74 11:1
122 | S | CHxCeHs | LDA CH31 258 | 44 >20:1
14a 5 CHj LDA CeHsCH»Br 26a 46 >20:1

9Determined by NMR spectroscopy; limit of detection 20:1.

o'-Alkylations of bicyclo[5.1.0]Joctan-2-one derivatives 12a and 14a were both highly
diastereoselective. Yields have not been optimized. Structures 25a and 26a, which are diastereomeric, were
tentatively assigned to the products from o'-methylation of 12a and o/'-benzylation of 14a, respectively, based
on the expected approach of the electrophile to the less hindered exo face of the enolate.1!

Ricvelol6.1 . 0lnonan-2-one derivative 18a resisted o'-alkvlation with iodomethane when LDA was
BICYyCio 6.1 .Unonan-2-onc aerivalive 123a resisted g/-alxyiauon wiln ioaomeinane when LA was
siand nag tha lhaan A Fine tvrn Aatvra at DD 6 am y_mmathvlatad meadiint V7 ~AF rnbrnanm gtarancnharictrr 1rac
usea as tne vasc. AICr two aays at -22 L, an o-meinyiatea proauct 47 o1 unknown stereocnemistry s

it L |

isolated in ca. 5% yield along with recovered 15a. This resuit may be z

remaining o proton. 14

O
. 1.LDA 73
MMCH, HCH,
AN 2.

2. CH4l \ /
15a 27
Trans geometries are prescribed for enolates derived from ketones 2-5, 7a, 8a, 9a, 12a, and 14a due to
ring size limitations. These enolates, which are contained in common rings, have little conformational freedom.



E. A. Mash et al. / Tetrahedron 54 (1998) 2669-2682 2673

I-
i+

P PRPRTEG | PPN Sy

4a established that anbc aikylauon

_____ I e q——_—S ) R - gy j RS

. ) RN
COIDISICIIL Willl llllb CKIWL 11, LU0

©
-
@
- &
A
)-n

reactions were kinetically controlled.l 5,16 Further evidence that the reactions had followed the anticipated
course was provided by assignments of structure to the benzylated products derived from bicyclo[3.1.0]hexan-
2-one (2) and bicyclo{4.1.0Jheptan-2-one (3). Structure assignments were based on the chemical shifts of the
geminal endo and exo protons attached to the methylene carbon of the cyclopropane ring (Table 3). For
compounds 20a and 21, significant upfield shifts of the signals from the endo protons were observed. These
shifts were attributed to anisotropic shielding due to the proximity of a phenyl ring. For compounds 22a and
23, upfield shifts of the signals from the endo protons were also observed. The magnitudes of these shifts
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were smaller, as would be expected for the somewhat less rigid bicyclo[4.1.0]heptan-2-one ring system. There
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electropmle to the less hindered enolate face.!

Table 3. Chemical Shifts of Endo and Exo Cyclopropane Protons of Benzylated Derivatives of 2 and 3.
H : H
oo H H =

Hendo )-\Z ) &(}
o

- .-:: " Rexo Rinan‘ Rexo
Rendo e
Rexo Rendo Rexo R~em‘1n
2 H H 3 H H
7a CH,Ph H 8a CH,Ph H
20a  CH;4 CH,Ph 9a CH,CH=CH, H
21 CH,Ph CH,Ph 22a CH,CH=CH, CH,Ph
23 CH,Ph CH,Ph
24a CH,Ph CH,CH=CH,
Chemical Shift, PPM Chemical Shift, PPM
Ketone Endo Proten Exo Proton Ketone Ende Proton Exo Proton
2 0.95 1.22 3 1.23 1.09
Ta 0.96 1.17 3a 1.05 1.21
20a -0.15 0.85 9a 1.08 1.19
21 -0.47 0.62 22a 0.32 0.66
23 0.24 0.62

24a 1.16 0.96
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plicable to stereocontrolled syntheses of many natural products.

EXPERIMENTAL

All reactions were performed in flame-dried glassware under argon. Reaction mixtures were stirred
magnetically. Hygroscopic liquids were transferred via syringe or cannula. Diethyl ether ("ether") and
tetrahydrofuran (THF) were distilled from sodium/benzophenone ketyl. Dichloromethane was distilled from

CaH,. Diisopropylamine was distilled from and stored over CaH;. Ketones 2, 3, and 4 were racemic and were

mravianaly dacorihad 32 Analutical thin_lavar chramatagranhy wag nerfarmnad an Masal oloco kool ad wen
1w VIVWDL MVOVIIUVVA. ruuu_y wuval ullll’la: vl \dl..lUll].alUE.la ll_y ad PCLJUIJJIGU L IVIGIVA b aMd~DUaCL AU p.lC'
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COateq piates (U.2o mm, silica gcl ou, r—-254). Visualization of spots was eilec ed oy treaitment of the plale

with a 2.5% solution of anisaldehyde in ethanol containing 6% H>SO4 and 2% acetic acid followed by charring
on a hot plate. Flash column chromatography was performed on Merck silica gel 60 (230-400 mesh).
Gravity—-driven column chromatography was performed on Merck silica gel 60 (70-230 mesh). Solutions were
concentrated using a rotary evaporator at 30—150 mm Hg. NMR spectra were recorded in CDCl;3 solution
unless otherwise noted. Proton NMR spectra were recorded at 200 MHz or 250 MHz using tetramethylsilane
(0 ppm) as an internal standard. Carbon—13 NMR spectra were recorded at 50.3 MHz or 62.9 MHz using the
center line of the CDCl3 triplet (77.0 ppm) as an internal standard. GC/MS analyses were performed using

I VLA ALD 22 A~ LHIOLIIIC

mmed methods on a2 0.25 mm X 30.0 m Hewlett-Packard HP—S column

-3 an 122 IS Vil ASNE X o VU iveraaii

(crosslinked 5% PhMe silicone, 0.25 um film thickness) using He as the carrier, 1.0 mL/min; method A

one of two tem

(319 Wi

Al P ~NEN O PR, PO NN °

injection port temp 250 °C, detector temp 280 °C, initial column temp 100 °C, final column temp 230 °C, ramp
20 °C/min; method B: as in method A except final column temp 180 °C, ramp 10 °C/min. The mass detector
operated in electron impact mode at 70 eV. Diastereomer ratios were determined by 'H and ¥C NMR
analyses or by isolation. High resolution mass spectral analyses were obtained by the Nebraska Center for
Mass Spectrometry, Lincoln, Nebraska, or by the Mass Spectrometry Facility in the Department of

Chemistry at the University of Arizona. Elemental analyses were carried out by Desert Analytics, Tucson,
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mL/mmol) under argon at -78 °C was added a solution of bicyclic ketone (1 equiv) in THF (1.5 mL/mmol) via
cannuia. The cannuia was rinsed with THF. After 15-45 min, alkylating ageni {(1-8 equiv) was added siowly
via syringe. The reaction flask was kept at -78 “C for several hours, then capped and stored at -22 °C.
Progress of the reaction was monitored by thin—layer chromatography. When judged to be over, the reaction
was quenched by addition of saturated NH4Cl solution (4 mL/mmol) and the mixture diluted with water and
extracted with CH3Cly or ether. The organic extracts were combined, dried (MgSQOy), filtered, and

concentrated. Column chromatography gave purified product(s).

(1R *35*,55*)-3—(Phenyl)methylbicyclo[3.1.0}hexan-2—one (7a). From LDA (2.08 mmol), ketone 2 (200
mg, 2.08 mmol), and o—bromotoluene (1.78 g, 10.4 mmol) was obtained 270 mg (1.45 mmol, 70%) of 7Taas a
white anlid mn AN A1 °C BN K1 (AN BN A cfhovaned) after flach cohiimn chramataoranhy (200 mT af cilica

111 avll\.l, 111 U —T1 \/, INT V.J L \_YU VAU S WA W Ve N /) llhAml\tJ}, €L R1IQDI1IL WULIRLLLLY uxuulxu.u.usxul.u;] \LUU A1iils W1 Orlaiwie
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ahat, wat 1004 +H YA/ hevanac) T (neat) rm-l 1791 1604 18N8 1442 1207 1100 104D 1” AR R
CiUWCG Wil 1V WAL OERaNSS). 1 (Iilawy) CIo iiLi, 1UVS, 1JVI, 1900, 13U/, 115V, 1S4, 11 ivMivan O
NOT 1 NV 41wy 1T NO 1T IC 71 Y 1 T8 M AA 7L N 2 NL D T A1 ) TNLE TAYE e 13 NTRAD S 14 £
U.%1—1.U2 (1, m), 1.UY—1.25 (1, mj, 1.70—2.44 (0, mj, 3.U6-3.27 {1, mj, 7.006~-7.32 (5, m); **C NMR 0 14.5,

(relatlve. mtcnsxty) 188 (0 5), 187 (7), 186 (48), 145 (27) 117 (15), 115 (16), 104 (22), 103 (13), 95 (40), 91
(100), 78 (12), 77 (16); HRMS (EI') caled for C;3H140 (M*) 186.1044, found 186.1039.

(1R*,35*,65*)-3—(Phenyl)methylbicyclo[4.1.0]heptan—2—-one (8a), (1R *,3R *,65*)-3—(Phenyl)methyl-
bicyclo[4.1.0]heptan—2—one (8b), and (1R *,65*)-3,3—Di(phenyl)methylbicyclo[4.1.0]heptan—2—one (23).
From LDA (2.00 mmol), ketone 3 (200 mg, 1.82 mmol), and o—bromotoluene (2.33 g, 13.6 mmol) was
obtained 253 mg (1.26 mmol, 70%) of an 8:1 mixture of diastereomers 8a/8b as a pale yellow oil, R¢ 0.54 (40%

E'OAcﬂgevapcc\ and 4% ma (0 Iq mmn‘ QOA\ ‘F 22 ac a white enlid nl1in0_114 °f‘ R0 K4 after flach

EA LS S Fal ﬂ}’ 4ALRENA T ‘Llﬁ \\l 11k v/ } el I A VVILIWVG \’Vll“’ ll‘ LAVvVT AL , J.\.! . U_" CAitlWwi LA&ROLR
nmliieensn nlhonsentncmnembo; MUY sl A0 Glian aliitad 26l 1N0/ TN A A Mlenvnsmancs)
VUMD VIHWNaOURLIapily {4VV LI, Ul Sliitad ©lUlcd Willl 1V /70 LUUVAUIICAALICS }

-~ r Vg 1 1707 17AN 100 o0 1A77 1320 1100 1AAN 1101 NAas lrx

pecu'al data IOI‘ L3: (nea[) L1030, 102U, 128/, 10U/, 140/, 1308, 1488, 1249, 1182, Y44, '

b)
NMR 8 0.21 (1, dm, J = 10.0 Hz), 062(1 ddd, J = 10.0, 7.82, 5.37 Hz), 1.31-1.53 (3, m), 1.68-1.88 (3, m),
2.16 (1,d, J= 12.9 Hz), 2.73 (1, d, J = 13.1 Hz), 3.00 (1, d,J=13.1 Hz), 3.40 (1, d, J= 12.9 Hz), 6.96-7.36
(10, m); 13C NMR § 7.7, 16.8, 18.0, 21.6, 26.2, 42.7, 44.1, 50.0, 126.3, 126.6, 127.9, 128.1, 130.7, 130.9,
137.0, 137.8, 208.5; GC/MS (method A, R¢ = 14.83 min) m/z (relative intensity): 207 (0.4), 200 (16), 199
(100), 129 (11), 117 (16), 115 (18), 91 (89), 65 (12); HRMS (EI*) caled for C21H20 (M*) 290.1671, found
290.1668.

dia (10 mY 3102 (1 Y7087 (5 m) 13(‘ NMR & ma 10r diacteraomer 8 0
Uiadiviy o) . AV, M, D1V eV 1, iy, (VOO0 Y, 1k, oaNaVUN U aay UL WaSICICUIRT .y,
1£& YNQ N1 1 NE7T AL E AOEC 194 N 170791 1909 1207 V1N 1 sanicmnn Aiacéanan w 1£&7 101 INK NL A
16.5,20.9, 21.1, £5.7, 36.6, 40.5, 120.U, 1£06.21, 1252, 155./, 21U.1; MINOr Giastereomer 15.¢, 17.1, 2U.3, 43.4,
~N - Lo Wl + AL N 17 N 1m0 N 19N 1 TN N ~1T 1N raryayi\ 4l ] 7

£0.0, 132.8, 40.Y, 140U, 128.3, 12Y.1, 12¥.Y, L11.U; UL/ /MS (memoa A) m/z U'ela[lVC ln[enSl[y) maJOI'

diastereomer (R; = 7.89 min) 201 (15), 200 (100), 145 (19), 144 (11), 131 (16), 129 (15), 118 (22), 117 (55),
115 (19), 109 (35), 104 (11), 92 (10), 91 (87), 81 (13); minor diastcreomer (R; = 7.76 min) 201 (13) 200 (89),
171 (11), 145 (16), 131 (16), 129 (15), 118 (25), 117 (61), 115 (21), 109 (42), 105 (13), 104 (13), 91 (100), 81
(17); HRMS (EI') caled for C14H160 (M*) 200.1201, found 200.1195.

(1R *35*,65*)-3—(2-Propenyl)bicyclo{4.1.0lheptan—-2—one (9a) and (1R*3R*,65*)-3—(2-Propenyl)-
bicyclo[4.1.0]heptan—-2—one (9b). From LDA (2,18 mmol), ketone 3 (200 mg, 1.82 mmol), and 3-

L3¢ aALytiasd N7y 1TOlll LU/ 2102 )5 ALV (e,

bromopropene (1.10 g, 9.09 mmol) was obtained 199 mg (1.32 mmol, 73%) of a 7:1 mixture of diastereomers

all oo, 0.53 (40% EtOAc/hexanes). after flash column chromatogra MNN T of cilica

S9a/9basa pau: YELOW Ull, I\f V.05 (4VU0 EtOAc/hexanes J, aiict 1iasii Co1uinii Cnromaiograpiny (<vv Ik O1 SuiCa
1NN/ TN A ™M - 0 ANy 1280 DN, Trr AT ATY 7 PN

eluted with 10% rtUA(,/nexanCS) IK (neat) cm ! 1684, 143 7, 130U, 9937 'H NMK (leILLrC of diastereomers )

WY
6 0.92-2.57 (11, m), 4.95-5.09 (2, m), 5.58-5.86 (1, m) 13C NMR & major diastereomer 14.8, 18.9, 20.4,
25.2,26.7,34.2, 43.4, 116.4, 136.1, 210.7; minor diastereomer 7.9, 16.3, 21.0, 25.5, 26.7, 35.0, 46.0, 116.7,
135.5, 209.4; GC/MS (method B) m/z (relative intensity) major diastereomer (Ry = 6.08 min) 151 (5), 150 (42),
117 (20), 109 (21), 108 (21), 107 (36), 106 (11), 96 (29), 95 (56), 94 (31), 93 (41), 92 (12), 91 (29), 84 (26),
83 (11), 82 (62), 81 (100), 79 (81); minor diastereomer (R; = 5.98 min) 151 (0.5), 150 (54), 149 (14), 135 (29),
122 (12), 121 (29), 117 (18), 109 (39), 108 (24), 107 (38), 106 (12), 96 (27), 95 (57), 94 (34), 93 (40), 92 (12),
91 (28), 84 (25), 83 (14), 82 (63), 81 (100).
Anal. Calcd for CigH140: C, 79.95; H, 9.40. Found: C, 80.18; H, 9.63.
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* * *
R*3R*&S*3 Methvlhicvelold.1.0lheptan—2-—on R*38*68*)-3-Methylhicyvclol4.1.0]-
heptan—2—omne (10b).52 From LDA (2.72 mmo.} keton 300 mg, 2.72 mme!), and iodomethane (1.93 g,

13.6 mmol) was obtained 230 mg (1.85 mm
oil, R 0.52 (40% EitOAc/hexanes), afier flash column chromatography (250 mL of silica eluted with 5%
EtOAc/hexanes). IR (neat) cm-i 2944, 2876, 1703, 1450, 1382, 1357, 1221, 1092, 980; iH NMR & mixture of
diastereomers 0.95-2.36 (9, m), 1.03 (3, d, J= 7.0 Hz); 13C NMR & major diastereomer 14.8, 15.6, 18.9, 20.2,
24.7, 30.5, 38.4, 211.6; minor diastereomer 7.6, 15.8, 18.9, 21.0, 24.3, 24.6, 41.7, 211.6; GC/MS (method B)
m/z (relative intensity) major diastereomer (R; = 4.04 min) 125 (46), 124 (50), 109 (19), 95 (16), 69 (17), 68
(22), 67 (26), 55 (43), 54 (100); minor diastereomer (R; = 3.95 min) 124 (80), 109 (27), 96 (12), 95 (21), 94

(41), 83 (13), 82 (72), 81 (95), 80 (17), 78 (17), 67 (33), 55 (53), 54 (100).

O\
°8
x
N’
Q

Y
S

(1R*35*65*)-3-Heptylbicyclo[4.1.0lheptan-2-one (11a) and (1R*3R*,685*)-3-Heptylbicyclo[4.1.0]-
| S FE 8RN Tenaoe TTYA 7 10 cnncn N Lot ns 2 /IND cnn s e Py AdAahamtnna o
nepiun-;.—nnc {1ipj. rrom LUA (Z.16 Mmaoi), K€tone S5 {2VU mg, 1.82 mmol), and 1-iod hcpta.uc {(2.06g,9.11

mmol) was obtained 69 mg (0.33 mmol, 18%) of a 4:1 mixture of 11a and 11b as a pale yellow oil, R¢ 0.52
(30% EtOAc/hexanes), after flash column chromatography (250 mL of silica eluted with 5% EtOAc/hexanes).
IR (neat) cm-! 1699, 1467, 1368, 1215, 1096, 1036, 924; IHNMR 8 0.87 (3, t,J = 7.1 Hz), 0.92-1.21 (3, m),
1.26 (12, br s), 1.46-2.05 (8, m); 13C NMR & major diastereomer 8.1, 14.0, 14.1, 18.3, 20.2, 22.6, 25.0, 26.6,
27.1,29.2, 296, 31.8, 44.3, 211.8; minor diastereomer 8.1, 14.0, 14.1, 16.8, 21.2, 21.8, 25.8, 26.6, 27.1, 30.0,
31.0, 31.5, 46.8, 210.7, GC/MS (method B) m/z (relative intensity) mixture of diastereomers (R¢ = 7.38 min)
210 (0.02), 209 (0.2), 208 (0.8), 124 (1), 123 (11), 111 (8), 110 (100), 109 (7), 95 (34); HRMS (EI*) calcd for

C14H240 (M™) 208.1827, found 208.1829.

{iR*35*75*)-3—{Phenyl)methylbicyclo|5.1.0]octan—2-one (12a). From LDA (1.01 mmol), ketone 4 (120
mg, 0.97 mmol), and o—bromotoluene (198 mg, 1.14 mmol) was obtained 155 mg (0.72 mmol, 75%) of 12a as

a colorless oil, Ry 0.53 (40% EtOAc/hexanes), after flash column chromatography (250 mL of silica eluted with
10% EtOAc/hexanes). IR (neat) cm-! 3080, 3059, 3023, 2922, 2850, 1672, 1600, 1580, 1494, 1450, 1380; 'H
NMR § 0.80-2.05 (10, m), 2.45-2.72 (2, m), 2.95-3.20 (1, m), 7.05-7.33 (5, m); 13C NMR & 12.4, 19.2, 23.9,
26.7,29.3,30.2, 36.9, 49.1, 125.9, 128.2, 129.1, 140.6, 211.9; GC/MS (method B, R; = 8.37 min) m/z (relative
intensity) 215 (4), 214 (24), 131 (31), 130 (100), 129 (22), 118 (30), 127 (26), 115 (17), 105 (12), 104 (23), 95
(16), 92 (11), 91 (93), 81 (11); HRMS (EI™) calcd for C;5sH;80 (M) 214.1358, found 214.1351.

(1R *35*,75*)-3—(2-Propenyl)bicyclo[5.1.0]octan—2—one (13a). From LDA (1.0
1 7

[ | mar o en 1 2Q 11
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Illg, U 7.) uuuux), a.uu J UlUlllU TOpC ic \1J0 1, 1.1% 1 uuul) was U
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a colorless oil, Rf0.41 (30% EtOAc/hexanes), after flash column chromatography (6

o
>
5
>

8% EtOAc/hexanes). IR (neat) cm-1 2926, 1668, 1264; 11 NMR & 0.86-1.08 (2, m), 1.25-1.32 (1, m), 1.44—
1.52 (2, m), 1.59-1.72 (2, m), 1.9-2.05 (3, m), 2.36-2.52 (3, m), 4.96-5.03 (2, m), and 5.65-5.74 (1, m); 13C
NMR § 12.2, 19.0, 23.8, 26.7, 29.5, 30.0, 35.1, 47.0, 116.0, 136.7, 211.8; HRMS (EI") calcd for C;1H160
(M*) 164.1201, found 164.1199.
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IiiT: ), and iodomethane { {162 m s
Rf 0.47 (30% EtOAc/hexanes), after flash column chromatography (200 mL of silica eluted with 10%
EtOAc/hexanes). IR (neat) cm-i 2972, 2928, 2852, 1666; 1H NMR & 0.82-2.13 (10, m), 1.04 (3, d, /= 6.6
Hz), 2.39-2.59 (1, m); 3C NMR 8 11.9, 16.5, 19.0, 23.7, 26.7, 29.8, 32.1, 41.7, 212.7; GC/MS (method B, Ry
= 5.13 min) m/z (relative intensity) 139 (2), 138 (23), 96 (10), 95 (26), 94 (51), 83 (28), 82 (36), 81 (62), 79
(20), 68 (25), 67 (50), 55 (100), 54 (37), 53 (17).

(1R,35,85)-3~(Phenyl)methylbicyclo[6.1.0]nonan—2—one (15a). From LDA (1.1 mmol), ketone 5 (131 mg,
0.95 mmol), and a—bromotoluene (195 mg, 1.1 mmol) was obtained 158 mg (0.69 mmol, 73%) of 15a as

CQ"“’ acg cructale mn in_ﬁd n(\ R 0.34 (10% EtOAc/hexanes). after oravitv—driven column chromatooranhyv

ANVL AwnZn? W J WIVAED,y l.l.l -~ AN VLT (L R\ \IJ}, CALnag sll—l'll.] ALV Wik WAJILMLEREL Ulu\!lwsluplll
AN vl AF ailina alitad sl 1N/ DY A Al havanao rnﬂz?.\ 17 £20 £ 7T Q2 NIIMTN TD femand) =] 2004
Q£ UV 1L, Ul Dllivd Ciluiikud il 1v/o LlUﬂL«IuCAaqu} LLLJ D T<&LU0 \ .00, \/ﬂ\/lS}, 1N \ 1 al) Ciil UL,
~ NN A 1T ALCM 1TYON ‘ﬁ”,i 1ITT AT 4T € N N N NAD 7 s s vl 4 s~ A~
Z 4Y¥3, 140U, 158Y, 1370 'H NIVIK 0 U.0Y-U.Y8 (2, m), 0.94-1.14 (£, m), 1.21-1.43

(2, m), 1.55-1.78 (1, m 4 Hz), 2.20~2.31 (1, m), 2.55-2.70 (1, m), 2.81
(1,dd, J=13.7, 8.0 Hz), 3.05 (1, dd, J=13.7, 7.4 Hz), 7.13-7.32 (5, m); 13C NMR & 9.4, 22.7, 23.5, 25.7,
282,29.9,33.2, 38.6, 57.1, 126.2, 128.4, 128.7, 139.1, 213.0.

Anal. Caled for CHz00: C, 84.16; H, 8.83. Found: C, 84.21; H, 8.69.

(1R,35,85)-3—(2-Propenybhbicyclo[6.1.0lnonan—2-one (16a). From LDA (1.2 mmol), ketone S (156 mg, 1.1

mmol) and 3-bromopropene (150 mg, 1.2 mmol) was obtained 144 mg (0.81 mmol, 71%) of 16a as a colorless
f0-39 (1094 ptnAr-/he anes

VAU RS LR AR

1L

1IN0/ TN/ hovnnaa) [ar

—1U% riy/nexaies). (0
-

?

Try

1430, 1389, 1376; 'H NMR § 0.67-0.86 (2, m) 0.96-1.16 (

J

ddt, J= 16.3, 9.4, 6.6 Hz), 13c NMR 5 9.2, 22.6, 23.1, 25.8, 28.2, 30.0, 33.5, 36.9, 55.4, 1 16.5, 135.5, 213.3;
MS (EI*) m/z (relative intensity) 179 (10), 178 (74), 177 (9), 163 (47), 150 (48), 149 (41), 137 (53), 136 (32),
135 (53), 134 (14), 131 (13), 124 (33), 123 (40), 122 (16), 121 (34), 120 (18), 119 (37), 118 (21), 117 (20),
111 (24), 110 (56), 109 (100), 108 (21), 107 (29), 106 (13), 105 (13), 98 (40); HRMS (EI*) calcd for C1oH;30
(M*) 178.1358, found 178.1357.

(1R,3R, S)—3—Methylb1cyclo[6 1.0]nonan—2—one (17a). From LDA (1.5 mmol), ketone 5 (172 mg, 1.3
JUNIPURRS | WSS ISR PRSP, D £ osansmanI) x1rno Altninad 184 s {1 N mrrnnl Q104 AF 170 g a rnlarlacs Al
T1IT1 1}, d.llu u lllculallc \_)UO ‘Jls PR pItIsee) ) wdad UULd. 1ICU 1 o> lllg L.V LIIUL, 01 /70J VU1 k74 dd A4 VULULICOO Ull,
Rf 0.37 (10% EtOAc/hexanes), after gravity—driven column chromatography (200 mL of silica eluted with 3—

10% Et,O/hexanes). [a]23p -8.9° (¢ 6.1, CHCI3); IR (neat) cm-! 3430 (br), 3000, 2961, 2921, 2853, 1690,
1445, 1389, 1375; IH NMR & 0.64-0.84 (2, m), 0.95-1.14 (2, m), 1.19-1.42 (2, m), 1.22 (3, d, J= 7.0 Hz),
1.57-1.70 (1, m), 1.72-1.96 (3, m), 1.98-2.10 (1, m), 2.18-2.29 (1, m), 2.33-2.50 (1, m); 13C NMR & 9.0,
17.6,22.3,22.6, 26.3, 28.2, 30.0, 35.9, 50.2, 214.6; MS (EI*) m/z (relative intensity) ; MS (EI") m/z (relative
intensity) 153 (15), 152 (65), 137 (15), 134 (29), 123 (19), 119 (15), 111 (16), 110 (36), 109 (33), 108 (44), 98
(16), 97 (40), 96 (43), 95 (50), 94 (17), 93 (27), 92 (15), 84 (26), 83 (25), 82 (40), 81 (72), 80 (23), 79 (25), 77
(15), 69 (30), 68 (60), 67 (70), 56 (19), 55 (100), 54 (75), 53 (34); HRMS (EI") calcd for CijgH60 (M)

PV ) VO 10 L1

152.1201, found 152.1196.
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R¢ 0.50 (10% EtOAc/hexanes), after gravity—driven column chromatography (200 mL of silica eluted with 3—
10% Et;O/hexanes). [0]24p -5.4° (¢ 2.70, CHCl3); IR (neat) cm-! 3000, 2953, 2919, 2848, 1681, 1469, 1437,
1394, 1377; TH NMR § 0.65-0.84 (2, m), 0.87 (3, t, J = 6.6 Hz), 0.97-1.18 (2, m), 1.18-1.40 (16, m), 1.42—
1.94 (6, m), 2.20 (1, dm, J = 14.4 Hz), 2.12-2.36 (2, m); 13C NMR § 9.1, 14.0, 22.6, 22.7, 26.2, 27.7, 28.3,
29.2,29.4,29.5, 29.6, 30.2, 31.8, 32.9, 34.3, 56.2, 214.1; MS (EI*) m/z (relative intensity) 265 (16), 264 (55),
179 (8), 152 (8), 151 (8), 138 (45), 137 (11), 123 (9), 121 (12), 120 (100), 110 (16), 109 (17), 97 (13), 96 (22);
HRMS (EI*) calcd for C1gH3,0 (M*) 264.2453, found 264.2453.

(18,35,125)-3-(Phenyl)methylbicyclo[10.1.0]tridecan—2—one (19a) and (lS 3R 128')—3—(Phenyl)methyl-

..... 16110.1 8¢ridecan one (195). From LDA (D.52 mm

bicyclo[10.1.0]tridecan—2—one (19b). From LDA (0.53 mm
ANND I
)7/

-~

bromotoluene (83 mg, 0.49 mmol) was obtained 35 mg (4(
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) of recovered stariing matenai 6; 39 mg

mmol, 31%) of a less polar a~benzylated product, R 0.47 (10% EtOAc/hexanes), mp 79—80 °C; and 2
(0.96 mmol, 26%) of a more polar a—benzylated product, R¢ 0.38, mp 110111 °C after gravity--driven column
chromatography (160 mL. of silica eluted with 4-10% EtyO/hexanes).

Spectral data for less polar diastereomer: [0(]24p +41.8° (¢ 1.94, CHCI3); IR (neat) em! 3057, 3022,
3007, 2917, 2855, 1679, 1492, 1463, 1451, 1437, 1404, 1347; 1H NMR & 0.55-0.78 (2, m), 1.20-1.86 (17,
m), 1.97 (1, ddt, J= 14 .4, 92 2.4 Hz), 2.60(1,dd, J=13.5, 7.3 Hz), 2.92 (1, dd, /= 13.5, 7.6 Hz), 3.11-3.25

(1, m), 7.12-7.31 (5, m); 13C NMR § 18.7, 24.1, 25.1, 26.1, 26.6, 27.1, 27.8, 29.9, 30.2, 32.5, 37.1, 54.7,
0.

Spectral data for more polar diastereomer: [0.]24p +34.9° (¢ 1.36, CHCI3); IR (neat) cm-1 3054, 3000,
2912, 2851, 1674, 1492, 1405 1455, 1435, 1403, 1355; 'H NMR & 0.72-0.90 (2, m), 1.19-1.70 (15, m),
1.88-2.08 (3, m), 2.55-2.69 (1, m), 2.84 (1, dd, J=13.7, 7.7 Hz), 3.03 (1,dd, /= 13.7, 7.7 Hz), 7.13-7.30 (5,
m); 13C NMR § 19.3, 22.4, 23.5, 26.4, 26.5, 26.6, 27.3, 28.0, 28.4, 30.0, 32.8, 39.0, 58.1, 126.3, 128.4, 128.9,
139.0, 213.1; MS (EI*) m/z (relative intensity) 285 (23), 284 (100), 193 (8), 159 (21), 146 (17), 131 (11), 117

(23), 104 (19), 91 (60); HRMS (EI*) caled for Co9Ha30 (M) 284.2140, found 284.2139.

I)--i

(1R*3R*S5S *)—3—Methyl——3—-(phenyl)methylbicyclo[3 1. O]hexan—Z-one (20a) From LDA (1.22 mmol),

.._.
)
"
=)
ey \
\C
—~
(V8]
Q ’

~ — 12~ ~

(1, d, J=13.3 Hz), 7.01-7.32 (5, m); 13C NMR & 12.1, 17.1, 2 .
138.2, 218.2; MS (EI") m/z (relative intensity) 200 (17), 185 (12) 159 (6), 145 (7), 129 (7), 117 (17), 109
(11), 91 (100); HRMS (EI*) caled for C14H160 (M) 200.1201, found 200.1199.

1

(1R*3R*55*)-3—Methyl-3—(phenyl)methylbicyclo[3.1.0]hexan—2—one (20a). A solution of 7a (104 mg,
0.56 mmol), iodomethane (397 mg, 2.80 mmol) and NaH (40 mg, 1.68 mmol) in THF (10 mL) was heated at
reflux for 18 h, then cooled to room temperature (rt). Water (5 mL) was slowly added and the mixture was
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Xirac ~ (4 x 20 mL). The organic nhases were combined. dried (MeSQ,). and volatiles removed
CALIACIC LR iV R &0 AL ). IR0 OTEQIN0 PRascs WOre COMDINCG, GriCd (| Vigo 4y, anG v:aldigs rimoved
mdar vasimim lach rnhimn chramaotaoranhy 8N T foilinn aliitad gath 1N0/L TN A A havnman) affasdad 71
WIUCL Vawuukii, 1 iasi il vilviiiaiougelapily («JV iy Ul J1liva ViU WILLL 1V /70 LIVAUTICAALILD ) allVIuca /1
= AN AL 1 LN/ LW o YT T DN ST AN Ty A (L - R 11 _ [

g (V.30 HUINULE, ©370) UL 4UdA a5 d COIOLICSS UL, Kf V.0 /7 (4U70 LIVUAC/NCXANCS). opeclral aata were as anove

(1R*,55*)-3,3-Di(phenyl)methylbicyclo[3.1.0]hexan—2—-one (21). A solution of 2 (200 mg, 2.08 mmol),
o—bromotoluene (1.78 g, 10.40 mmol), and NaH (250 mg, 10.40 mmol) in THF (10 mL) was heated at reflux
for 6 h, then cooled to rt. Water (10 mL) was slowly added and the mixture was extracted with CH,Cl, (4 x 20
mL). The organic phases were combined, dried (MgSQy4), and volatiles removed under vacuum. Flash column
chromatography (250 mL of silica eluted with 5% EtOAc/hexanes) afforded 245 mg (0.89 mmol, 43%) of 21 as
a white solid, mp 104-106 °C, Rg 0.63 (40% EtOAc/hexanes). IR (neat) cm-! 1733, 1613, 1580, 1494, 1467,

1302, 1189, 1096, 765; 1H NMR &: -0.50- -0.41 (1, m), 0.54-0.70 (1, m), 1.26-1.40 (2, m), 1.86 (1,d, J=13.2
Hol 99492871 m) 24471 4 T=129 1A 276771 4 T—19QL.\ 201 (1 4 T—19Q\y 21071 4 J—
KALJy loke™=d.JJ 1, IHl), £.95% (1, U, v 15.4 132, 2.7 (1, U, v 14.0 114y, J.V1 (1, G, v 14.0), 3.1V 1, 4,
1IN ITI_ T AN T AL 1N ) 11 wTAAD € 11 = 17 £ "N M NN AN N A= = =5 £ NS 1m0 1 140 " 19N £
13.2 Hz), 7.00-7.35 (10, m); *°C NMR 0 11.7, 17.6, 29.3, 30.3, 42.9, 47.5, 56.6, 126.6, 128.1, 128.3, 130.5,
130.7, 136.9, 138.0, 218.3; MS (EI*) m/z (relative intensity) 277 (2), 276 (6), 193 (4), 186 (16), 185 (100), 91
(48); HRMS (EI™) caled for CogHz90 (M) 276.1514, found 276.1505.

(1R *,35*,65 *)-3—(Phenyl)methyl-3—(2-propenyl)bicycloj4.1.0]heptan—-2—one (22a). From LDA (1.14
mmol), ketone 8a (191 mg, 0.95 mmol), and 3-bromopropene (577 mg, 4.77 mmol) was obtained 123 mg (0.51
mmol, 54%) of 22a as a colorless oil, Rf 0.55 (40% EtOAc/hexanes), after flash column chromatography (250
mL of silica eluted with 5% EtOAc/hexanes). IR (neat) cm-! 2926, 1684, 1456, 1450, 1351, 1339, 1221, 943;
1H NMR § 0.28-0.40 (1, m), 0.58-0.74 (1, m), 1.32-2.43 (9, m), 3.35 (1, d, /= 13.1 Hz), 5.05-5.20 (2, m)

A LNAVARN U V.LU 122 Jy Vel AL \7y 2i2j ey i 214 VST LU Ly 2225,

5.83 (1, dddd, J = 12.4 Hz, J= 10.6 Hz, J= 7.8 Hz, J = 7.3 Hz), 7.10-7.32 (5, m); 13C NMR & 7.6, 16.2,
3 1

7.

1" O Ny £ E L] 110 7 1"™L " 1M ~ 1120 1 S
7.6, 22.6,25.1, 41.6, 42.2,49.8, 118.7, 126.2, 12 2, 138.1, 2
7

)

1 .9, 130.4, 133 t
8.73 min) m/z (relative intensity) 241(7), 240 (34), 20 (14), 199 (97), 197 (17), 196 (18), 149 (20), 143 (25
35(11), 129 (28), 128 (17), 117 (25), 115 (24), 92 (11), 91 (100), 79 (18).

Anal. Calcd for Cy17Hp90: C, 84.95; H, 8.39. Found: C, 84.63; H, 8.54.

(1R *35*,65*)-3—(Phenyl)methyl-3—(2-propenyl)bicyclo[4.1.0]heptan—2—one (22a). A solution of ketone
8a (120 mg, 0.60 mmol), 3-bromopropene (363 mg, 3.0 mmol) and NaH (43.2 mg, 1.8 mmol) in THF (10 mL)
was heated to reflux for 24 h, then cooled to rt. Water (5 mL) was slowly added and the water layer was

ndar vr ra A un n
uuucx Vﬂbuulll lU EAVD a y\u . 1 v
EtOAc/hexanes) gave 115 mg (0.48 mmol, 80%) of 22a as a colorless oil, Rf 0.58 (40% EtOAc/hexanes).
Spectral data were as above.

(1R *,3R*,6S *)—3—(Phenyl)methyl-3—(2-propenyl)bicyclo[4.1.0]heptan—2—one (24a) and (1R*,35*,65)-
3—(Phenyl)methyl-3—(2-propenyl)bicyclo[4.1.0]heptan—2—one (24b). From LDA (1.32 mmol), ketone 9a
(165 mg, 1.10 mmol), and a—bromotoluene (940 mg, 5.49 mmol) was obtained 195 mg (0.81 mmol, 74%) of an
11:1 mixture of 24a and 24b as a colorless oil, Rf 0.57 (30% EtOAc/hexanes), after flash column
chromatography (200 mL of silica eluted with 5% EtOAc/hexanes). IR (neat) cm-! 1672, 1468, 1443, 1357,

1339, 1215; 'H NMR (for 24a) 8 0.85-1.92 (9, m), 2.54-2.73 (1, m), 2.60 (1,d,J=13.2 Hz),2.93 (1,d,J=

1227, VIVAIN AV & 117
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(1R*3R*,78*)-3-Methyl-3—(phenyl)methylbicyclo[5.1.0]octan—2—-one (25a). From LDA (0.49 mmol),
ketone 12a (87 mg, 0.41 mmol), and iodomethane (291 mg, 2.05 mmol) was obtained 41 mg (0.18 mmol, 44%)
of 25a as a colorless oil, Rf 0.64 (30% EtOAc/hexanes), after flash column chromatography (250 mL of silica
eluted with 5% EtOAc/hexanes). IR (neat) cm-! 1691, 1616, 1511, 1468, 1388, 1314, 1017; 'H NMR & 0.78—
2.05 (12, m), 2.46-2.73 (2, m), 3.08 (1, dd J = 13.0 Hz, J= 5.2 Hz), 7.08-7.33 (5, m); 13C NMR 21.1, 22.0,

24.4,26.3,28.0,29.4, 33.8, 37.7, 48.0, 125.8, 128.2, 129.1, 140.8, 212.7; GC/MS (method A, R; = 8.11 min)
m/r (valative intancity) IR (1 A4A (7AN 21T (14N 120 /714N 1920 M7 11Q710QY 117 (D) 1154414 10NQ (D)
Tre & \xuluuv lll\vllDll.J Lt s \1 T \[—1}, J & \l'f}, 1Jv \l"'l'}’ 1L/ \Lf ” 117 \‘/}, L1717 \1—‘-}, 11J \1"'}, AV \LJ’,

(1R*35*,78*)-3—Methyl-3-{(phenyl)methylbicyclo[S.1.0foctan—2—one (26a). From LDA (1.50 mmol),
ketone 14a (148 mg, 1.07 mmol), and o~bromotoluene (915 mg, 5.35 mmol) was obtained 114 mg (0.50 mmol,
46%) of 26a as a colorless oil, R¢ 0.66 (40% EtOAc/hexanes), after flash column chromatography (250 mL of
silica eluted with 5% EtOAc/hexanes). IR (neat) cm-! 1684, 1604, 1511, 1455, 1381, 1091, 1005; 'H NMR &
0.82-1.10 (12, m), 2.40-2.65 (1, m), 2.57 (1, d, J= 14.5 Hz), 3.42 (1, d, J = 14.6 Hz), 7.08-7.42 (5, m); 13C

NMR 18.1, 19.1, 24.9, 26.9, 27.1, 33.2, 39.1, 41.0, 41.7, 126.4, 128.5, 129.8, 140.7, 213.3; MS (method A, Ry

=2 109 min) m/~> (ralative intencitvY 229 717Y 222 1000 212 (12) 100 /12 126 (10 185 (5 \ 172 20 171
V.17 llllll} Iy < \IUAG\JV\/ llllUllDILJl L e T \l l}, L ki O \l\l\}}, Ll D \lh}, L7 \lJ’, ov \IU}, 1OV \ , \LU} 171

AN 1877 1L\ YAZE 1LY 1A F17y 1721 71AY 12N 711 10 72" 1790 /M8 1N0 711N 01 700N

(JU), 157 (16), 145 (10), 145 (1/), 121 (14), 15U (11), 1.7 (37}, 1206 (2J), 1UF (i1), F1 (0TF).

1-Methyl-3—(phenyl)methylbicyclo[6.1.0]nonan—2—one (27). From LDA (0.48 mmol), ketone 15a (91 mg,
0.40 mmol), and iodomethane (63 mg, 0.44 mmol) was obtained recovered starting material and 5 mg (0.02
mmol, 5%) of 27 as a colorless oil, Rr 0.40 (10% EtOAc/hexanes), after column chromatography (40 mL of
silica eluted with 3% Et;O/hexanes). !H NMR § 0.78-0.90 (2, m), 1.00-1.15 (1, m), 1.20 (3, s), 1.39-1.70 (7,
m), 2.19-2.32 (1, m), 2.55 (1, dd, J=12.7, 5.3 Hz), 2.85-3.00 (1, m), 3.03 (1, dd, J=12.7, 7.9 Hz), 7.09-7.30
(5, m).
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