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e Introduction



Introduction

e different form of carbon

A
| | | .
- ¢ “Ce “Ce
radical carbene carbyne atomic carbon
B
n P n SCAD
CnHmOxNy + o (.: e ’ Cn+1 HmOxNy
atomic only the number of C
carbon increased by one

H. Fujimoto, M. Tobisu, ChemistryEurope 2024, 2, €¢202400005.
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e Atomic Carbon Generated by Physical Methods



Physical Methods

e nuclear transformation and arc discharge

e c'? BEAM

Pt-Au
STRIPPING FOIL

x yal
/ MYLAR WINDOW FARADAY CUP
BRASS FOIL

BEAM BLOCK

C. Mackay, R. Wolfgang, Science 1965, 148, 899-907.

Substrate Inlet _—
‘Systemn

Water Cooled, j

Brass Electrode
Support 1/2" Dia,

Graphite
Electrodes

AC power

0" Ring
Seals

T

1

S—

=

Vac

.} Pump 3

Ll Ring

cﬁ\/’/ Seals

e— A" Dia.

Pyrex Pipe

3P, 1D, 1S

P. S. Skell, et al. Acc. Chem. Res. 1973, 6, 97—105.



Atomic Carbon Doping

/\Me Me . Me

H H CsHg CgH1s

Z./I
<
()

Me

45% (22:78) / |
ffscef o fjicef

Cl 1S 3P

Me Me atomic carbon*

. EtOH x 2
H
Me. \-ClI Cl\,-Me C4HyCl / \ C4H1202
+ -«

x 2
Me M
-H 4 j]\ - )>'<(
Me \ / Me M
C4Hs C4Hs

<] B\
Me , .
*generated on paraffin matrix

Me Me
CsHgCl CsHgCl at-196°C
(91:9)
yields not reported

P. S. Skell, R. R. Engel, J. Am. Chem. Soc. 1965, 87, 1135—-1136.
P. S. Skell, R. R. Engel, J. Am. Chem. Soc. 1966, 88, 4883—4890.
P. S. Skell, R. F. Harris, J. Am. Chem. Soc. 1965, 87, 5807-5808.
P. S. Skell, R. R. Engel, J. Am. Chem. Soc. 1966, 88, 3749-3758.
P. S. Skell, R. F. Harris, J. Am. Chem. Soc. 1969, 91, 4440-4445.

e

e
CoH1e
(51:49)

yields
not reported

O

Et

Eto” \ H

T

CsH120,
12%



Doping of Alkenes

3P: C + 2N

C + 2 /ﬁ
25% 38%

37% 49% 51%

17
v, ‘v, : \K X
1} A\ ‘\
vy, K\ W

/ﬁ
1D: cC + /\l —_— _—
?
t0_5 =2s
—_—)

*

—/

1s: c+/ﬁ—>

P. S. Skell, R. R. Engel, J. Am. Chem. Soc. 1965, 87, 1135-1136.
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Doping of Alcohols

OH
insertion

CH
insertion

Total
insertion

OH:CH
ration per
bond

R"NOH + C R/\é' - — R/\O’C‘
H
RCH,OH + E‘I_ HH
== > RTOT0R e .
H
Methanol Ethanol  1-Propanol 2-Propanol
17.8 12.8 11.5 10.6
6.3 12.5 11.3 11.1
24 .1 25.3 22.8 21.7
8.5 5.1 7.1 6.7

P. S. Skell, R. F. Harris, J. Am. Chem. Soc. 1969, 91, 4440-4445.
J.A. Kerr, et al. J. Chem. Soc., A, 1967, 897.

Methanol
(:CH,)

21.8



Skeletal Editing

H
N atomic carbon N\
< 7 > ||
\ / paraffin matrix, -196°C =
c C2
y H -
N N : g ) g
- L=7>=
/N
<\__B I - —
3a
© atomic carbon ©:>
- - S > ..
paraffin matrix, -196°C 8 A /g

- D

C.J. Emanuel, P. B. Shevlin, J. Am. Chem. Soc. 1994, 116, 5991-5992.
W. Pan, P. B. Shevlin, J. Am. Chem. Soc. 1996, 118, 10004—-10005.
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e Chemical Methods Using Atomic Carbon Equivalents



Precursors of Atomic Carbon

NaN.
O=C=e=C=0

6 7
Bayes (1961) Shevlin (1970)

K. Bayes, J. Am. Chem. Soc. 1961, 83, 3712-3713.
P. B. Shevlin, A. P. Wolf, Tetrahedron Lett. 1970, 11, 3987-3990.
P. B. Shevlin, J. Am. Chem. Soc. 1972, 94, 1379—-1380.
P. B. Shevlin, S. Kammula, J. Am. Chem. Soc. 1977, 99, 2627-2631.
S. F. Dyer, P. B. Shevlin, J. Am. Chem. Soc. 1979, 101, 1303—1304.

Shevlin (1972)

C4H,O

8 H H
> o—=
80 °C H H
CsH,
0.3%
8 H H _H
—_— \-H 4 )‘L
1o  mer Me” “Me
C4Hg C4Hg
0.1% 0.05%
H
8 0
- 4 .//
—/  13%
10 CsH,O0

o. H
9



Organometallic Compounds

H +.C
NoNHZ N’N\Cllo N,N”
HCOH (cat) H POCI;, NEt,
0 g HCO,Et (neat) 0 § DCM
RuCl,(CO)(PCys),
THF
YR ¢ Q
Ri=o: <00 SR VRS
¢l ||=c 15% OC—RU-C=N-N
VE) CII/
PCy3

M. Joost, et al. Chem. Commun. 2017, 53, 11500-11503.



Organometallic Compounds

CysP Cl

% (PEC1L(CoHa)2 l ~EMy

Cy3P Cl
Cl ‘PCyg
CI Pt'-CI

[RuCPt], %
C—‘Pt CI
CysP Cl h
1 Y3 1
cl PCy, .

RuCPtNCr

Cy3P Cl
CI" Y PCy,

cl<pt-Cl

e

88% isolated yield

-

Cy3P
Cl

Cl=
Ph

Ph

Cl
v PCYa

Pt—ClI
Ph

Ph

RuCPtNCr

CrN

Cl—

Cy3P
Cl

-CIr
(.I‘,I ©
Pt-Ci

Cl
i PCY3

CI" M "PCy,

CI Pt Cl
Cl— Pt CI

Yokl o8
Cl \PCys

[RuCPt],

|\
N/l

RuCPt™ cl “PCys

A. Reinholdt and J. Bendix, Chem. Commun., 2019, 55, 8270.



Organometallic Compounds

NP N'Pr
/ Ny PrN NPr, AN N j\N e
N=L 2e0. N }\Nipr co N= NP,
! Feld ! FEC® - ! Fe
Ph—-B.. , Ph-By /°N Ph—By. /1%
N A Pr,N——=—NiPr, N-N(\ N N, o)
S,N Ipr %,N-ipr %N-ipr
K( 'Pr %/ ~'Pr S/ ~'Pr
1P I ip ip
Pr ' red Pr ' yellow Pr yellow

+Na || -N2
)Niprz
“ "N
/N'/ NiPr,
Fe@EQ
Ph—B\N\ /A
o UN H
§/ ~ipr H
P
blue
. : NiPr NPr.
7 Ny lPI"zN\W/N‘PFZ a N) 2 ) C
N M N ANiPQ NaCN —( NiPr,
Ph—B Fe Cl — ™ ph-— B\ /Fe'CCI - pph- e C N
co THF N‘_\
Ssr',\’ Pr K%r',\' Pr K(\ ',\‘ P
- “Pr P
'PrP 'Pr Pr '
iPr iPr 5 ipr

J. L. Martinez, et al. J. Am. Chem. Soc. 2017, 139, 14037-14040.



Organometallic Compounds

(a) 0

U

/
(CO)sW—5
PPh,

Q —— OO

yield not reported

Q)

18 19

=0

=0

Br. thf [Nf
\ R | \BI"

Cr=C:— Ci—thf
thi” | B’
Br thf R
J 2 <
' Po
R .
THF, 0 °C o

R = PhCH,CH, 24%
R=H 16%

H. Berke, E. Lindner, Angew. Chem. Int. Ed. 1973, 12, 667—668.
T. Kurogi, et al. Chem. Sci. 2021, 12, 14281-14287.



Organometallic Compounds

B g thfg Rz H
\ N (2 equiv) H,O R (|: R + R O
Cr=C:—Cr—thf > i \”/
( | 0 %HE, rt £,
Br Bl tnf 0
4-thf R = PhCH,CH,, Ph 3a: R =PhCH,CH, 5a
3b: R =Ph observed
R
Br thi  thf PamA D R D\H/R /J% Bi
\ : : RCDO RCDO e "
Cr=C—Cr—thf ———> o c - | |
thf, | [2+2] % /// \ C-0 Cleavage Cr/ \ Cr Insertion or T
Br Br thi Cr Cr \ e \O/
Br thf Path B R
thf p R R
LY > RCDO e ti o L RCDO >{\?J\
. . S . T - P NS
thf(‘ Insertion /4,//0 ? D-Shift I : [2+2] \ / O
Br Br thf Cr Cr Cr Cr Cr Cr
-thf
*

T. Kurogi, et al. Chem. Sci. 2021, 12, 14281-14287.

- Cr-O-Cr * 3a-d

C-O Cleavage
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Chemical Equivalents

e conventional C

Seyferth—Gilbert (I); Colvin (ll); Hansmann (lll):

X\c//Nz ‘ ;
X =P(O)(OMe), (I) —-X-O

or X = SiMej (Il)

or X ="PPhj (lll

Corey-Fuchs (IV): }):
O

B
PhsP=C, r ——

Br ~PhsP=0
v

-atom transfer

V " carbene

liberation : k:uc' ;
i VI,
Br RLi //inylidsﬁe
>=C\ 6 intermediate
Br . —RBr, —LiBr
masked
vinylidene

Q. Sun et al. Science 2025, 387, 885-892.

U

O C(sp) atom incorporation

[1,2]-
shift
—@— —E=C—
VIl
newly formed:

C(sp)-C triple bond
C(sp)- single bond

Concept: Masked carbene transfer

O flat functional group interconversion

0 escape from flatland via
C(sp®)-atom transfer?




Chemical Equivalents

E Evidence of C(0) nature

CH.Br + = KHMDS
PPh3 2°72 > Ph3P\/PPh3 _ > Ph3P=C$PPh3
2Br
HOMO (-6.53 eV)
N,O + ,,N
, + OPPh;
Ph;P=C

D High thermal stability

1.5 T T T
m.p. 150.3 °C

1
— 05 |
2 HOMO-1 (-7.06 eV)
G 0
2
2
L 05
© 1
(] 1
I 1
o 1+ N
N |
‘s I
E 15 | i -
2 H Enthalpy (normalized) 510.5 J g

! Peak temp. 205.2 °C
2 | ! 4
_25 1 1 1
50 100 150 200 250

Temperature [°C]

Mayer bond order

T. Koike et al. Science, 2024, 385, 305-311. NPA charge



Chemical Equivalents

PhsPx

A b
Transfer
¢
O NN r
Mes. % Mes™ 'C™ 'Mes ...,/N CO (1 atm) 0
N N > z
: < % - —~2C
LN 0o PhsP=C PhsP=C
PhsP=C” & .
3 Mes N,/ R,C: Exchange 1 N,/ CO Exchange 5 79% (90%)
7 94% (97%)
A\ Xyl-NC
\% Xyl-NC
N

» ? 'S
%% Q@Yﬂ\@ﬁ & A ,
W N,Xy' d:; | R

! Y/ = >
d (@Q Ph3P=C B
[ Ng
j 6 67% (88%) QL
x-ray CCDC 2348207 N,/ R-NC Exchange x-ray CCDC 2330501
g 7"
Transfer ~
N
&
PhsP=C
1
EWG EWG
_N_  Ph N,
EWG then PhCOCI . \,l: N—ﬁ \J: "y
\/\R'I > 1= 1 C’
then Base RWG O R" %
8 H PPhs
One-pot & multi-component 9

via Intermediate X

T. Koike et al. Science, 2024, 385, 305-311.



Chemical Equivalents

. 1,2-Shift e

N — ZC 12

; : r  PhgP=C #
¢ L g0 .| e | 4
Transfer . ! -N, ! x2 c 2.
--------------- 1 - PhsP=0 —> . _c* 13
10 11 ’,&
¢ IRAlgeIygesl - _c° 12aa R=H76% (94%)  12ae R = 4-Bu 86% (94%)
: R. _O 7 12ab R =2-Br84% (92%) 12af R =4-CN 94% (98%)
' \f ' | X 12ac R =2-NO, 90% (95%) 12ag R = 4-CF3 78% (86%)
; H : 12ad R = 2-OMe 86% (93%) 12ah R =4-NO, 87% (94%)
: ' R o o 2 9 0) 0 o o 0
: 10a-10g 12ai 92% (96%) 12b 80% (96%)
----------------- ! H One-pot "C-atom" transfer + click reaction
C’
H Z H
C = 3 -
NS // /C,H O/H //C N—N\ H
AN %‘N OBu O AR /C=PPhy 0 Z°
8 )/’ c Y
O Ph H Ph
12¢ 63% (81%)* 12d 84% (96%) 12e 77% (95%) 12f (97%) 149 24% (67%)
from Cinnamaldehyde from Garner’s aldehyde from Phenyl glyoxal via Ynone 12g

T. Koike et al. Science, 2024, 385, 305-311.



Chemical Equivalents

------- Ketones ------: :

i i o
i R\fo o :,R\fo R// \f
' R !

Wi

12ha R = Me 80% (87%) 12i 90% (91%)* 12j 91% (94%)* 13k (67%)"*
12hb R = Ph 86% (94%)  from 4-Acetylbenzaldehyde

F
R F N”
13la R=H 58% (67%)'
.C c
_C

10h-10j 10k-10t

13lb R=CN 33% (63%)"

’d
c? 13lc R = OMe 41% (62%)t i (\/vl/
,(:/'/ 131d R = p-BrCqH, 54% (62%)t F N
R

F
13m 35% (63%)1 13n (69%)t
Cyclic alkyne vs butatriene formation L ©
AP
Z° c N
+ C// é\/&/
©
1)
13p 25% (48%) "
12p (37%) x-ray CCDC 2330502 I
13q 36% (78%)1* oA “e* x-ray CCDC 2348209 "
1.E

One-pot "C-atom" transfer + click reaction

N=N N=N
4 \
PhsP=C{ _C Z°

- MeO

R\

< 13t 50% (69%)t*
i E/Z \someric mixture

14r 76% 14s 82% via Strained alkynes from Estrone 3-methyl ether
from Benzosuberone  from Dibenzosuberone x-ray CCDC 2330503 12r-12s

T. Koike et al. Science, 2024, 385, 305-311.



Chemical Equivalents

e conventional C

Seyferth—Gilbert (I); Colvin (ll); Hansmann (lll):

X\c//Nz ‘ ;
X =P(O)(OMe), (I) —-X-O

or X = SiMej (Il)

or X ="PPhj (lll

Corey-Fuchs (IV): }):
O

B
PhsP=C, r ——

Br ~PhsP=0
v

-atom transfer

V " carbene

liberation : k:uc' ;
i VI,
Br RLi //inylidsﬁe
>=C\ 6 intermediate
Br . —RBr, —LiBr
masked
vinylidene

Q. Sun et al. Science 2025, 387, 885-892.
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O C(sp) atom incorporation

[1,2]-
shift
—@— —E=C—
VIl
newly formed:

C(sp)-C triple bond
C(sp)- single bond

Concept: Masked carbene transfer

O flat functional group interconversion

0 escape from flatland via
C(sp®)-atom transfer?




Chemical Equivalents

oTf
/A = { R H (TR
RN+ NR HC=SPh, N-p=¢! KHDMS » RN-G_¢ A
. ) TN
PK CI 2 LioTt Ph ,SPh, 2% Ph  'SPh,
cI”
A
TR
PhCHO RN_I ,SPho PhCHO) 0
PR > A A
Ph” 0~ “Ph
Ph
"Tishchenko reaction”
RN\ERC,,Sth "
Ph” y\/\ 'o—{
o) Ph Ph
1) PhACHO 1) CF3(Ph)C=0
Ph  SPh Ph CFs3
Phs; C:—H - 2) 2PhSH 2) CuOTf - )= o= C=<
H H F5C Ph
1) PACHO A
2 _
Ts< ) Ts<~-CHO 1) CF5(Ph)C=0 o SPH
Ph H 2) PhSH - >=CI
e mH - \
H H. ~c) F3C H

N. Dellus, et al. Angew. Chem. Int. Ed. 2010, 49, 6798-6801.



Chemical Equivalents

A
o) o Q
Me _Me -
MG\H)LN’Me NHC2-HCI (1.0 equiv) | N Me \ N-Me Me Me
CsF (2.0 equiv) T oar=N WNe=Ar
toluene, 160 °C, 12 h
2a 0% 4a 55%
1a 3a 52%
C11H43NO C12H43NO
MeMe Me Me Me Me [ i O " ]
e e
)—(_ >—<_ R N
N\../N /O/NYN\Q\ o X
MeO OMe MeO OMe <\/
Me Me N‘R
NHCA1 NHC2 | ylide intermediate |
B

"Bu ’N/_\N*“Bu YN N\( O/ \Q

NHC3 57% NHC4 72% NHC5 93% (isolated yield)
(Used as a HBF, salt) (Used as a HBF4 salt)

M. Kamitani et al. Science, 2023, 379, 484-488.



Chemical Equivalents

R” ]

. NHC (1.0 equiv)
R|\[HLN/R CsF (2.0 equiv)

toluene, 160 °C

=
7\
\

4\

R-NN-R

NHCS5: R = cyclohexyl
NHC6: R = 2-adamantyl

Me, i-Pr, Bn, PMP; FG = R, EWG, EDG, -CH=CH-CH=CH-

0 NHC5-HBF, (1.0 equiv) o Me AN\ -Me
Me N~ V€ CsF (2.0 equiv) Me ( n-Me 9-BBN (3.0 equiv) _
toluene, 160 °C - toluene, 130 °C B}
1a 3a 71% (1.36 g) 5 52%
o)
Me N-Me ethyl acrylate (1.5 equiv) 1) Hy, Pd/C, EtOH Me N-Me
\ ~ DBU (2.0 equiv) 2) LiAH,, E,0,60°C
THF, 0 °C - rt
CO,Et
7 34% 6 45% for 2 steps
Me Me Me
N NHC6-HCI (1.0 equiv) N
Me CsF (2.0 equiv) ~ /=0
@) > Me
toluene, 160 °C Me
0”7 N"70
Me 0”7 "N” 70
Me

from aminoglutethimide

1s

3s 96%

M. Kamitani et al. Science, 2023, 379, 484-488.



Chemical Equivalents

A

Iz

Iz

o N_N
- ~ e
. Rw'R R NS SNAr
N > N>Z Ar —_—
A \4
' <\/N~
1 R |
o)
0 o _
- H _ H shift 5 N 5
N R —_— H
Q) e H N- —_— Ar H
ArR/N\/ — = "
R //\\
I spiro intermediate Il R-N" N-R 4
5 [ o)
NHC5 (1.0 equiv)
“Pnh > g\'}l/\Ph
toluene I N—\ R
160 °C, 24 h Ph N ;N;
10 39% I
NHC2 (1.0 equi 7 o
~pn (1. equnQ Y Ph
toluene - _\Ph N—é
160 °C, 24 h HO N
R—N\)
1 14% | =

+ 10 (18%)

M. Kamitani et al. Science, 2023, 379, 484-488.




Chemical Equivalents

b
(b) 5 N1-HBF, 1.0 equiv O
NaOBu 1.0 equiv
o toluene, 160 °C, 16 h {WH
: H
a 2a trace
— +
[T\ Me O
N N H
N7 /N ~Bn
- Bn N H
N1 O Me
3a detected
c
(©) o N1-HBF, 1.0 equiv 9
NaOBu 1.0 equiv
Me _Bn i o e \ N’Bn
| ﬁ toluene, 160 °C, 16 h i’r.,H
Me Me H
1b 2b 93%

H. Fujimoto et al. J. Am. Chem. Soc. 2023, 145, 19518-19522.



Chemical Equivalents

0
v el
J‘ n H
1
@]
MeO
MeO Me
1q

o

L
] PR;, CCl,, DBU ~C=N—-N=
& 3, CCly .  CEN-N=PR;

H/ \NI
H MeCN PINC

formohydrazide

bench-stable solid

PINC1 1.0 equiv

THF, rt 9 Cl -+
then > : o=H C=N-N=PPh;
w/ or w/o Rhy(OAc), 5.0 mol%, xylene, 140 °C e PINC1
n
2
1) LDA
1) (COCI), o 2) NBoc 0
2) PINC1, [Rh] MeO ' MeO NR
s .‘,tC| .“tC|
22% (2 N
% (2steps) e H ere MeO
(+)-2q 44% R=Boc (+)-9q
(2 steps) R=Bn (+)-10q Cl-Donepezil

H. Fujimoto et al. J. Am. Chem. Soc. 2025, 147, 8138-8144.



Chemical Equivalents

[Rh]
" N j\ INT3 %
PPhs, N- N o
R = Ivl Il
(R = o-tolyl) [Rh] @i/(..\@l —66.5
~
H
Pro

H. Fujimoto et al. J. Am. Chem. Soc. 2025, 147, 8138-8144.



Chemical Equ

ivalents

Reagent design: Reactivity: {}
Ro“ xR Rc=M2 y

~iConceptt- X: R Y: R : I + I

Xy i : : i : : & e & ®
' : + )0 N O ' i i
; ] ¥ . ¥ | ' 10 C(sp®-atom transfer |
' L= Xe : o .t
E+ 2 ﬁ RV +I R, R, N, — Ph, \\c’/Nz : NPh2 :o single step or stepw:sei
! : : I _C-R :+ R-C°N 2 o4 new C(sp®-C bonds
L = O\o/ \R 54 formed
?Ci ' : AR ' o construction of 3D
o memmmmmn . '— SRy ' —N, . . spirocyclic scaffolds
- 1SUppress;.- : v ¥ . /J,_ """""""""""""

1 carbene , . C.z
‘formation: Pe el : >
i .
PI’\N 'PI'\
':> KHMDS N’> N,O -
Ph,Ss_PZ ! * N
YFI,hNiP -78°C to rt PhaSse2h~ ‘ -78°C to rt PhySs 2N
170- H r 75% Phip, 84%

C1

CCDC 2378645

C_zf}
N1 N2 <

NPA Charge

\ +0.90e e
i oo

0! -0.16e

J\ & —0.62e

Bond | WBI

Ci-s1|1.25 <

C1-N1| 1.43 HOMO
N1-N2| 2.01 (-5.98 eV)

Q. Sun et al. Science 2025, 387, 885-892.

” ~HOMO-1
(-6.50 eV)




Chemical Equivalents

__________________

+
Ph2 V>,N\
/C\./\N
Phy \\C/,Nz via: H -
>_< é PhoSzg-moy - oo o
1 —Ph,

(o)
S N. A
----------------- \0 /<é' \N
5 \_$ @
-N
— Ph, 9 =

Q. Sun et al. Science 2025, 387, 885-892.

11



Chemical Equivalents

—| Single step C(sp®)-atom transfer [

\2-Atom linkers|

ROZC—Q 'COzR MeOZC—Q"COZMe

(+)-13a: R = Me, 72%
(i) -13b: R = Et, 69%

0
b Me0,c={ A4
— :‘"C OH

(+)-13a", 98%
C

(+)-13a-'3C, 72%

MeO,C={__A-
iC

(+)-13a', 91%

Q. Sun et al. Science 2025, 387, 885-892.

- Ph,
- N, 13
l
: One pot . KHMDS
:thssc PPh3 —78 C’ 2h > MeOZC P "'COzMe
_ then N,O :C
H Tfo~ —78°Ctort, 1.5h
1a then (+)-13a
MeOzC—<\_/>—COZMe 81% (862 mg)
L . B
0 = EtOzc—_Q--CN
/< 1CO,Me £.C
N &
(+)-13a"", 81%0 (+)-13c, 85% CCDC 2378661 (+)-13d, 72%




Chemical Equivalents

..................................................... SRR PR S SRR RS S A S S B E R s SR P RN S B R
|3-Atom linkers| via intermediates : photochemical vs. thermal N, liberation
: Ts
. ccDC
X Ts . N

2378664

N .
ROzc COzR E MeOZC—D Cone

.-D v - NCT COzEt: ’ =

N ) e g (£15h, 88%
(£)-15e: X = CHy, R = Et, 81% : One pot: 67% (516 mg) 9
(2)-15f. X=0, R=Me, 56% (£)-15i, 80% s —
(i)-159:X=S,R=Et,83%I____'T__-.I + hv I—\I\ heat

' heat ‘ ; : : :

X
J: Ji N N
RO,C=h___{-CO,R NC -1CO,Et J:
i.C MeO,Cr [N A “COMe MeO,Cmx ACOMe
=

|
2
N
o
<:z
)
o
V Z
IN
—|<:I_|
w

(f)_gf-: i i 3H§ _R ,\=,| Et’zgf;% (£)-131, 35% cis-(+)-13h, 81% trans-(x)-13h, 15%
- e o e (cis:trans = 9:1) .
(x)-13g: X =S, R=Et, 53% : | g

= )-14h, 75%%*

Yo

side products 1[\-15

X NC--S:Z--COZEt

G

RO,Cr}—{-+CO,R A
C (+)-14i, 45%

N\
(+)-14e: X = CH,, R = Et, 35% (+)-14h cis-(+)-13h trans-(x)-13h
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