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Tém tat. Trong cong bd vé “Tdi wu hoa phan tng tao san pham d8i quang cyclopropan ctia diazo acetoxy
acetone va styrene dugc xtc tac boi phie chét bat ddi xing p-nitro-Ru(Il)-diphenyl-Pheox”, chiing t6i da
dua ra quy trinh tdng hop san pham d6i quang cyclopropane ctia diazo acetoxy acetone va styrene duoc
xuc tac boi phic bat déi p-nitro-Ru(Il)- diphenyl -Pheox. Quy trinh nay ciing da duoc t6i wu hod ¢ cac
diéu kién nhiét d6, dung méi thich hop va dat dwgc véi hiéu sudt cao, do chon loc dong phan 1ap thé
>99:1 va d6 chon loc déi quang dat téi 95%. Day 1a két qua nghién ctu [an dau tién duoc cong b, thé
hién tinh hiéu qua cta xtc tic nay trong phan ting tao san pham d6i quang cyclopropane. Hon thé nia,
nghién cttu cling c¢6 nhitng minh ching day du trong cic co ché hinh thanh san phdm d6i quang
cyclopropane va wu tién tao san pham frans. D€ tiép tuc khéng dinh thém co ché da cong b6 ciing nhuw
mo rong thém cac chit nén c6 thé€ tham gia vao phan tng trén, tao ra duoc cac san pham doi quang
cyclopropane c6 d6 chon loc cao, chiing t6i tiép tuc mé rong nghién ctru phan ting cta diazo acetoxy
acetone voi cic dan xudt styrene, phan ting ctia cic dan xuét diazo acetoxy acetone vdi styrene dudi xtic
tac cta p-nitro-Ru(Il)-diphenyl-Pheox trong cac diéu kién t6i wu. Cac san pham thu dwogc ¢6 tinh chon loc
14p thé cao (1én t6i 99:1), véi hiéu sudt tdt (1én t6i 92%), d6 chon loc d6i quang gan nhu tuyét doi (1én t6i
98% ee). Nghién ctru [an du tién duge cong bd trén thé gidi nay gdp phan vao sy sén cd ctia cac san
pham d6i quang ketone cyclopropyl dang con khan hi€ém trong nhiéu nghién ctu, nhung duoc tim thay
nhiéu trong cic san pham tu nhién va ¢ nhiéu tng dung trong dwoc pham.

Tw khoa: p-nitro-Ru(Il)-diphenyl-Pheox, tdng hop bat d6i xtiing, diazo ketone, phan ¢ng tao san pham

d6i quang cyclopropan, Ru(Il)-Pheox
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Abstract. In the publication about "The optimization on catalytic asymmetric intermolecular
cyclopropanation of diazo acetoxy acetone and styrene by using p-nitro-Ru(Il)-diphenyl-Pheox complex”,
we presented the asymmetric cyclopropanation of diazo acetoxy acetone and styrene catalyzed by the
asymmetric complex p-nitro-Ru-diphenyl-Pheox. This procedure has also been optimized under suitable
solvent and temperature conditions and the products were achieved with high yields, excellent
diastereoselectivity >99:1, and high enantioselectivity up to 95%. It is the first published result,
demonstrating the effectiveness of this catalyst in the production of cyclopropane enantiomers.
Additionally, this study provides sufficient evidence on how cyclopropane enantiomers are formed and
how preferential trans products are formed. We continue to expand our research in order to further
verify the published mechanism as well as expand the substrates that can be used to create highly
selective cyclopropane enantiomers. Using p-nitro-Ru(Il)-diphenyl-Pheox as a catalyzer. We investigated
the reaction between diazo acetoxy acetone and styrene derivatives, as well as the reaction between diazo
acetoxy acetone derivatives with styrene, the obtained products have high stereoselectivity (up to 99:1),
with good yield (up to 92%), excellent enantioselectivity (up to 98% ee). This first published study
contributes to the availability of many new and useful enriched cyclopropyl ketone products, found in
natural and synthetic products of medicinal significance.

Keywords: p-nitro-Ru(I)-diphenyl-Pheox, asymmetric chemistry, Ru(II)-Pheox catalysts, diazo ketones,

asymmetric cyclopropanation
1 Mo dau

Céac dan xudt bat ddi cyclopropane cé hoat
tinh quang hoc déng vai tro quan trong trong qua
trinh tong hop san pham tu nhién va la chét trung
gian tong hop cé gia tri trong hoa hoc hitu co va
duoc pham [1]. Mat khéc, tiéu don vi cyclopropane
c6 mat trong nhiéu hop chdt quan trong vé mat
sinh hoc bao gém terpen, pheromone, chat chuyén

hoéa axit béo va axit amin bat thuong [2] va n6 thé

hién nhiéu dac tinh sinh hoc, bao gom tic ché

enzym va diét con trung, khang ndm, diét co, cac
hoat dong khang khuén, khang sinh, khang khuan,
khang khéi u va khang vi-rat [3-12] (Hinh 1). Sau
cong trinh tién phong ctia Nozaki va cong su [13],
qua trinh tao san pham cyclopropan bat déi ctua

anken va diazoester dwgc xtic tac boi kim loai

chuyén tiép da danh dwoc nhiéu nd luc dang ké

cuia cac nha nghién cttu hang dau va nhiéu két qua
xuat sic da duoc bao cao [14]. Tuy nhién, van con
thach thic d€ thiét ké cac hé xuc tac trong cac diéu
kién thich hgp, hodc thay doi cac chat nén la cac

dan xudt ctia cac hop chat diazo nhung van dam
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bao d6 chon loc d6i quang va d6 chon loc 1ap thé

cao.

Trong cong bs vé “T6i wu hoa phan tng tao
san phdm d6i quang cyclopropan cta Diazo
acetoxy acetone va styrene dugc xtc tac boi phirc
chat bat doi xing p-nitro-Ru(Il)-diphenyl-Pheox”,
ching toi da dwa ra quy trinh tong hop san pham
déi quang cyclopropan cta diazo acetoxy acetone
va styrene dugc xtc tac boi phiee bat d6i p-nitro-
Ru-dialkyl-pheox. Quy trinh nay ciing da dwoc t6i
wu hod & cac diéu kién nhiét d9, dung méi thich
hop va dat dugc véi hiéu suédt cao, d6 chon loc
dong phan lap thé >99:1, va d¢ chon loc d6i quang
dat t6i 95%. Day 1a két qua nghién ctru lan dau tién
duoc cong bo, thé hién tinh hiéu qua cta xdc tac
nay trong phan ung tao san phdm ddi quang
cyclopropan. Hon thé nita, nghién cttu cling cé
nhitng minh ching day du trong cac co ché hinh
thanh san pham d6i quang cyclopropane va uu
tién tao san phdm trans. D& tiép tuc khing dinh
thém co ché€ da cong bd cling nhu mé rong thém
cac chatnén co thé tham gia vao phan tng trén, tao

ra duoc cac san pham d6i quang cyclopropane c6

a) Nghién ctru trwérc
Iy

p-nitro-Ru-diphenyl- :'?‘.l
:

Pheox 3k L\/o.--.

CH,Cl,, -50°C Ph YA :
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> PFe ee: 95%

Ph" X 4 NZ\

O (Ph
Ru+’|’\‘\_)< eh
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p-nitro-Ru-diphenyl-Pheox 3k
b) Nghién clru nay
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o
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Hinh 2. Nén tang nghién ctru si anh huong cua
cac chat nén 1én d6 chon loc d6i quang d6i voi phan
ng tao vong ba ctia diazo va olefin duogc xtc tac
boi p-nitro-Ru(Il)-diphenyl-Pheox
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d6 chon loc cao, chung tdi ti€p tuc md rong nghién
ctru phan tng ctia cac dan xudt cua styrene véi cac
dan xudt ctia diazo acetoncy acetone dudi xtic tac
cua p-nitro-Ru(Il)-diphenyl-Pheox trong cac diéu
kién t6i wu da duoc cong bo (Hinh 2).

2 Déi tugng va phuong phap nghién
cliru

2.1 Ddi twong nghién ctiru

Céc san pham ddi quang cyclopropane cta
cac dan xuat cta styrene véi diazo acetoxy acetone;
clia styrene vdi cac dan xuat diazo acetoxy acetone
duoc xic tac boi p-nitro-Ru(ll)-diphenyl-Pheox, dé

xem xét d6 chon loc d6i quang cua san phdm.

2.2 Hoéba chat va thiét bi

Hoa chat: Sodium hydroxide NaOH, (TCI >
95%, Nhat), cac chat nén déu cta hang Sigma-
Aldrich, Dtc:

methoxystyrene,

styrene,
4-tert-butylstyrene, 4-
chlorostyrene, 3-methylstyrene, 2-methylstyrene,

4-methylstyrene, 4-

2-vinylnaphthalene va prop-1-en-2-ylbenzene.
N,N’-ditosylhydrazine va DBU
(Diazabicycloundecene) (TCI, Nhat); cac dung moi
dichloromethane (CH:Clz), methanol (CHsOH),
ethanol (CHsCH:0H), n-hexane (CeHu), ethyl
(CHsCOOC:Hs), (CHCl),
tetrahydrofuran (THF) (déu tir Kanto, Nhat);
acetonitrile (CHsCN) (Wako, Nhat). Déc biét, cac

dan xudt xtic tac Ru(Il)-Pheox duoc tong hop va

acetate chloroform

dwoc bdo cdo trén cac nghién ciru trudc.

Thiét bi: Tai phong nghién ctru cua gido sw
Iwasa, Truong Dai hoc Toyohashi, Nhat Ban. Tat
ca cac phan tng dwoc thuc hién trong moéi truong
argon trir khi c6 ghi cha khac; hé thdng phan tng
duoc cai dat 6 kifm soat nhiét bang cam bién
nhiét. T4t ca cic phan tng duoc theo ddi bang sic
ky 16p mong (TLC), cac tdm thuy tinh dwgc phu
sén silica gel Merck KGaA 60 F254 , d6 day 16p 0,2

mm. C4c san pham duoc quan sat bang cach chiéu
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tia UV hodc xtt ly bang dung dich axit
phosphomolybdic, dung dich KMnOs hodc dung
dich p-anisaldehyde. Sic ky ¢t duoc thuc hién
bang silica gel (Merck, Art. No.7734). Phd 'H NMR
(500 MHz, 400 MHz), *C NMR (126, 100 MHz)
duoc ghi lai trén may quang phd JEOL JNM-
ECX500, JEOL JM-ECS400. B¢ dich chuyén héa hoc
dwgc bao cao theo don vi ppm (0) chtta
tetramethylsilan (0,00 ppm) trong CDCls. Cac phép
do gdc quay quang hoc duoc thiec hién véi may do
phan cuc JASCO P-1030 & vach natri D (6 mau 1,0
ml). Pho khoi luong (MS) dwgc thuc hién trén mdy
LC-TOF JMS-T100LP. Pho IR duoc do trén may FT-
IR JASCO 4700. Déng phan quang hoc duwgc xéc
dinh boi sic ky 1éng hiéu nang cao (HPLC) JASCO
GULLIVER st dung Cot Daicel CHIRALPAK hodc
CHIRALCEL.

2.3 Quy trinh thuc hién cac phan tng

Cai dat cac phan tng theo cac ty 1é khoi
luwong cac chat duwgc mo ta chi tiét bén dudi. Dung
sac ky 16p mong dé xac dinh so bd thoi gian két
thtic phan tng, sau d6 1dy 1 ml mau, 1am khd mau
hoan toan bang hé théng bay hoi dung méi dung
nito long va do phd cdng huong tir hat nhan 'H
NMR, so sanh phd ctia mau san phdm tho véi phd
cua cac nguyén liéu dau vao dé xac dinh hudéng
phan ting va xem xét thoi gian phan tng két thuc.
Sau khi phan ting hoan thanh, san pham th6 duoc
lam bay hoi bang méy cd quay chan khong, sau d6
duoc bay hoi hoan toan bang hé thdng bay hoi
dung nito long thu dwoc san pham thd. St dung
sac ky cot d& thu dugc san pham tinh khiét bang
sac ky 16p mong va do 'H NMR. Véi cac san phdm
sau mdi phan ting duing lam tién chat cho cac phan
tng tiép theo khong dwgc do BC NMR va céc
thong s6 khac. Chi thuc hién xac dinh ciu trac voi

cac dan xuat la san phdm cudi cung.

102

24  Xac dinh d¢ tinh khiét quang hoc va cau
trac:

Séc ky 16p mong, sac ky cot, phd cong huong
tie 'TH NMR, C NMR, xac dinh gdéc quay cuc riéng
[ap], ph6 hong ngoai, phd khoi, chiral-HPLC (cot

sac ky tach duogc cac san pham ddi quang).

25 Xac dinh ty 1é déng phin lap thé -
diastereoselectivity (cu thé trong truong
hop nay 1a ty 1é dong phan trans/cis hoac
nguoc lai).

Stt dung phd cdng hudng tir hat nhan ' H
NMR trén mau san pham thd dé xac dinh ty 1&
dong phan 1ap thé [15]. Cach xac dinh nhw sau: Tai
vi tri do dich chuyén hoa hoc cua san phdm cis
duoc xac dinh ¢6 1 proton, 1dy tich phan d€ c6 duoc
dién tich peak (8cs). Twong tw, tai vi tri c6 d¢ dich
chuyén hod hoc cua san pham trans duoc xac dinh
c6 1 proton va tiép tuc 1dy tich phan d€ c6 dugc
dién tich peak (8wans) (Hinh 3).

Viéc thuc hién do trén san pham thd sé c6
duoc két qua chinh xac hon so v6i mau da qua tinh
ché&, boi 1é rat nhiéu treong hop cac mau sau khi

tinh ché’ thi san pham chi con bao géom dang cis

%
=

bTrans bcws

hoac dang trans.

Hinh 3. Dién tich peak ctia san pham Cis, Trans trén
phd 'TH NMR
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2.6 Xac dinh d0 chon loc déi quang -
enantioselectivity

(0] o
Racemic cat.
P + NZ\)K/O\[( /V)J\/o\n/
o) Dm, T, time Ph 0
PFg"  Racemic
] (0]
Bu*—N

(H3CCN), Ph

Ru(ll)-Pheox Cat. Racemic

Gian d6 a. Phan ting st dung xtc tac racemic

g

g
< 2
2

:

18.0 20.0
Retention Time [min]
Tén Peak CH | tR[min]| Diéntich | Chiéucad Dién tic| Chiéucaq S&lugng NTP | Hé s tf Do ddi
[uvSed | [uvl dinh Iuo] ximg
1 | Unknown |1 15325 | 7172217 | 360628 | 4838 | 55556 | N/A
2 | Unknown |1 19.017 | 215586 8368 145 1.289 N/A
3 | Unknown |1 20500 | 7265714 | 273959 | 49.01 | 42204 | N/A
4 | Unknown |1 23817 | 169225 6170 114 0.950 N/A N/A

Hinh 4a. Sic ky d6 cho hon hop racemic trong chiral

]_[L] (1)

(R
% =
HPLCee% R+ (L]

Véi [R], [L] la dién tich peak cta cac dong phan d6i
quang trén chiral-HPLC (c6 pha tinh bat d6i) [16].
Dé xac dinh dwgc cac dién tich peak trén, thuwe hién

quy trinh nhu sau:

- Thuec hién phan t¢ng st dung xtc tac
racemic (st dung Ru(Il)-Pheox racemic da tong
hop) dé tao san pham thu duoc la hoén hop racemic
(Rac: gom 50% R va 50% L). Sau giai doan tinh ché&
san pham, thuc hién do trén cot chiral-HPLC d€
xac dinh vi tri R va L dua vao thoi gian Iwu, deoc
xem nhuw la chdt chuan cho qua trinh xac dinh céc
san pham c6 chon loc d6i quang (Gian d6 a, Hinh
4a).
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- Thyc hién cuing phan tng trén, dung xtc
tac bat doi xtiing d€ thu dugc san phdm ¢ d6 chon
loc d6i quang (vi du, dong phan R va L). Cén c&
vao thoi gian luu trén sic ky d6 ctia hdn hop
racemic, xac dinh dugc dién tich peak ctia cac dong
phéan ddi quang twong tng (Gian d6 b, Hinh 4b),
tir d6 xac dinh d6 chon loc d6i quang béng cong
thire (1). Gid tri nay dwoc hién thi ¢ vi tri dwoc ddnh

d4u trong bang ngay dudi sic ky do.

Thuc t&€ voi cac san phdm doi quang nay
chua titng duoc bao cao ¢ cac tai liéu trong nudc,
khi st dung chiral-HPLC thuong phai khao sat cac
cOt bat d6i khac nhau cho dén khi cac peak racemic
dat duoc tin hiéu to6t nhat. Trong bai bao nay chi
cong bd loai cot twong thich sau khi khao sat.

O (o}

asymmetric cat.
Ph™ X + szj\/o\[( y /v)k/o\ﬂ/
o Dm, T, time Ph

(o}

PFg  Racemic

| (0]
Ru*—N\)

(H3CCN)4 Ph

Asymmetric Ru(ll)-Pheox Cat.

Gian d6 b. Phan tng st dung xtc tac bat doi

2335 1C3 9-1 220 1.0_001 - CH1j

18.0 20.0

Retention Time [min]
" TénPeak | CH | tR [min Di¢n tich| Chiéu cao [u| Dién tich| Chiéu cad S&lugng | NTP| He s tac] D6 déi
[RV.Sed] dinh lugn] xitng
1 Unknown| 1 15,875 | 390979 | 22072 2725 420 | NA 2007] 9.878 | 1.358
2 Unknown| 1 21.375 | 13958692 | 492434 97.275 95.710 N/A 16364 N/A 1.797

Hinh 4b. Sic ky d6 cho cac dong phan d&i quang trong
HPLC c6 pha tinh bat d6i (chiral-HPLC)
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3 K&t qua va ban luan

3.1 Tdonghgp san pham déi quang cyclopropan
tir diazo acetoxy acetone va dan xuét cia
styrene

Diazo acetoxy acetone 2 da tong hop duoc
tiép tuc cho phan ting véi cac dan xuat styrene 1a-
i va xtc tac boi cac p-nitro-Ru(ll)-diphenyl-Pheox 3k
trong cac diéu kién da t6i uwu: dichloromethane
(CH2Cl2) la dung mdi cho phan ttng, nhiét d6 -50
°C, sau d6 xem xét do chon loc d6i quang cho san
pham cyclopropan 4a-i, két qua duoc thé hién trén

Bang 1.

Ty 1é cac chat trong phan tng: Dung dich
chita chat xtc tac (0,003 mmol) va cac dan xudt
styrene (1,0 mmol) trong dung moi (2,00 mL) dwoc
thém tir tir dung dich chita diazo acetoxy acetone 2
(0,2 mmol) da hoa trong CH2Cl2 (2,00 mL) trong 5
gio & cac nhiét d¢ khao sat. Tién trinh cia phan tng
duoc theo doi boi TLC. Sau khi phan ting hoan tat,
lam bay hoi dung méi va tinh ché san pham bang
sac ky cot trén silica gel d& thu duoc san phdm

mong muon.

Tl cac két qua trén cho thdy cac phan tng
tao san pham d6i quang tir cdc dan xudt styrene c6
nhom thé ortho, meta hodc para déu dugc nghién
ctru trong cac diéu kién phan tng t6i vu da cong
b6 (Bang 2, muc 2-7). Dang chu y 1a cac styren
mang nhém hut dién t& 6 vi tri para hiéu qua hon
so vOi cac loai c6 nhom thé giau dién tir & cung vi
tri, do tinh chat dién di manh (Bang 2, muc 2-5).
Tinh chon loc d6i quang cao nhét (98% ee) va hiéu
sudt (95%) thu dwogc doi voi styrene mang nhém
thé para-Cl (Bang 2, muc 5). Nguoc lai, qua trinh
cyclopropan hda styrene c6 nhom thé e-methyl thu
duoc san pham mong mudn ¢ tinh chon loc quang
tot (85% ee) nhung chi cho hiéu sudt vira phai
(55%) (Bang 4, muc 9).
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Bang 1. Phan ting tao san phdm d&i quang cyclopropan
ctia diazo acetoxy acetone véi cac dan xudt ctia styrene
dwoc xtic tac boi p-nitro-Ru(Il)-diphenyl-Pheox 3k

(0] (e}
R? 2
. NZVK/O Cat. 3k R \\\JJ\/O
4 g VAV g
o CH,Cl, RY o
1a-i 2 -50°C, 5 h 4a-i
2 PFg’
| O (Ph
RU+_N\«)<Ph
(H3CCN), Ph
p-nitro-Ru-diphenyl-Pheox 3k

HS ee
STT la-i d.r®
(%] (%]
. X
1 1a 85 99:1 95
. X
2 b 79 98:2 9%
X
3 . 62 97:3 83
MeO ¢
X
4 1d 72 98:2 91
X
5 1e 95 97:3 98
Cl
. X
6 i 85 91:9 92
Cl
7 N 92 99:1 97
19
X
8 " 90 90:10 97
9 Q/K 55 98:2 85
1i

aHS: hiéu suat, Pty 1é dong phan 1ap thé, 946 chon loc

déi quang
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Chting t6i thdy réng cic phan ting tao san
phédm d6i quang cyclopropan xuc tac c¢é tinh chon
loc 1ap thé cao ctia cac dan xudt diazo acetyl acetate
v6i olefin bang cach st dung chét xtc tac p-nitro-
Ru(Il)-diphenyl-Pheox méi da tao ra cac dan xuat
cyclopropyl ketone hoat ddng véi hiéu suat tot (1én
dén 95 %) véi tinh chon loc 1ap thé xudt sac (1én dén
99:1) va do chon loc déi quang cao (1én dén 98%
ee). Diéu nay ching to diazo acetyl acetate c6 thé

duoc st dung nhu la mot tién chat keton carbene.

2-0x0-2-(2-phenylcyclopropyl)ethyl acetate
4a: dat duoc bang cach cho phan ting tao san pham
cyclopropan theo quy trinh tong quat trén cta
styrene 1a (104,2 mg, 1,0 mmol) v6i diazo acetoxy
acetone 2 (28,4 mg, 0,2 mmol). San pham th6 duoc
lam sach boi cot sic ky trong hé pha dong
Hexane/EtOAc (10/1 (v/v)) thu dugc san phdm
trans- 12 chat rdn mau tréng (37,1 mg, hiéu suét
85%) va dat 95% ee (trans). PO chon loc doi quang
duoc xac dinh béng HPLC bat d6i, cdt (Chiral IC3),
UV 254 nm, hé pha dong: Hexane/IPA =9/1, t6c do
dong: 1.0 ml/phut. [a]33¢ =-3,66 (c 1,03, CHCls).

TH NMR (400 MHz, CDClIs) 67,29 (t, ] = 7,64
Hz, 2H, Ar-H), 7,22 (t, ] = 7,26 Hz, 1H, Ar-H), 7,10
(d, J=7,26 Hz, 2H, Ar-H), 4,86 (d, ] = 16,82 Hz, 1H,
OCHH), 4,81 (d, ] = 16,82 Hz, 1H, OCHH), 2,59
(ddd, J = 420, 6,88, 956 Hz, 1H, OCCH
(cyclopropane)), 2,18 (ddd, | = 4,20, 5,30, 8,41 Hz,
1H, Ar-CH (cyclopropane)), 2,14 (s, 3H, CHsCO),
1,76 (ddd, ] = 4,20, 5,30, 9,17 Hz, 1H, CHH
(cyclopropane)), 1.49 (ddd, | = 4,20, 6,50, 8,03 Hz,
1H, CHH (cyclopropane)). ¥C NMR (100 MHz,
CDCls) & 201,91, 170,31, 139,72, 128,66, 126,88,
126,21, 68,64, 29,71, 29,07, 20,56, 19,09 ppm.

HRMS (DART) du kién CisHis0s [M+H]*:
219,10212, thwe t€219,10211.

IR (neat) v 3031, 2929, 1749, 1714, 1232, 1057,
700 cmt.

2-0x0-2-(2-(p-tolyl)cyclopropyl)ethyl
acetate 4b: dat duoc bang cach cho phan tng tao

san pham cyclopropane theo quy trinh tong quat
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trén ctia 4-methylstyrene 1b (118,2 mg, 1,0 mmol)
véi diazo acetoxy acetone 2 (28,4 mg, 0,2 mmol).
San phdm thd dugc lam sach boi cot sac ky trong
hé pha dong Hexane/EtOAc (5/1 (v/v)) d€ dat
duoc san phdm dang trans- 1a chat rdn mau trang
(41,3 mg, 89% yield), d6 chon loc d6i quang 96% ee
(trans) dwgc xac dinh boi ¢t bat ddi (Chiral IC3),
den UV 254 nm, dong pha dong: Hexane/IPA =9/1,
tdc do dong: 1.0 ml/phut. [a]3*' =-3,45 (c 0,91,
CHCl).

TH NMR (400 MHz, CDClIs) 8 7.10 (d, ] =7.93
Hz, 2H, Ar-H), 6.99 (d, ] = 7.63 Hz, 2H, Ar-H), 4.85
(d, ] = 16.78 Hz, 1H, OCHH), 4.79 (d, ] = 16.78 Hz,
1H, OCHH), 2.56 (ddd, | = 4.20, 5.80, 7.02 Hz, 1H,
OCCH (cyclopropane)), 2.32 (s, 3H, Ar-CHs), 2.15
(s, 3H, CHsCO), 213 (m, 1H, Ar-CH
(cyclopropane)), 1.74 (ddd, | = 4.27, 5.65, 7.16 Hz,
1H, CHH (cyclopropane)), 1.45 (dt, | = 4.27, 5.80,
7.02 Hz, 1H, CHH (cyclopropane)). *C NMR (100
MHz, CDCls) & 201.97, 170.31, 136.66, 136.58,
129.33, 126.14, 68.64, 29.60, 29.07, 21.10, 20.59, 19.10

HRMS (DART) du kién CisHi7Os [M+H]*:
233.11777, thuc t&€ 233.11782.

IR (neat) v 3016, 2925, 1752, 1715, 1232, 1043,
810 cm!

2-(2-(4-methoxyphenyl)cyclopropyl)-2-

oxoethyl acetate 4c: dat dugc bang cach cho phan
tng tao san phdm cyclopropan theo quy trinh tong
quat trén ctia 4-methoxystyrene 1c (134.2 mg, 1.0
mmol) v6i diazo acetoxy acetone 2 (28.4 mg, 0.2
mmol). San pham thé dwogc lam sach boi cot séc ky
trong hé pha dong Hexane/EtOAc (5/1 (v/v)) thu
duoc san pham trans- 1a chat long mau vang (39.7
mg, hiéu suat 80%) va dat 83% ee (trans). D6 chon
loc d6i quang duoc xac dinh bang HPLC bat ddi,
cot (Chiral IC3), UV 254 nm, hé pha dong:
Hexane/IPA =9/1, t&c d6 dong: 1.0 ml/phat. [a]3*?
=-6.3 (c 1.98, CHCIs).

TH NMR (400 MHz, CDCls) 7.03 (d, ] =8.54
Hz, 2H, Ar-H), 6.83 (d, ] = 8.54 Hz, 2H, Ar-H), 4.85
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(d, ] =16.78 Hz, 1H, OCHH), 4.79 (d, ] = 16.78 Hz,
1H, OCHH), 3.78 (s, 3H, OMe), 2.55 (ddd, | = 3.97,
6.71, 8.85 Hz, 1H, OCCH (cyclopropane)), 2.15 (s,
3H, CHsCO), 2.12 (m, 1H, Ar—CH (cyclopropane)),
1.74 (ddd, ] = 4.27, 6.71, 893 Hz, 1H, CHH
(cyclopropane)), 1.43 (ddd, | =4.27, 6.71, 7.93 Hz,
1H, CHH (cyclopropane)). C NMR (100 MHz,
CDCls) & 202.00, 170.31, 158.63, 131.66, 127.40,
114.08, 68.64, 55.41, 29.37, 28.97, 20.56, 18.84 ppm.

HRMS (DART) du kién CisHizOs [M+H]*:
249.11268, thuec t&249.11269.

IR (neat) v 3004, 2933, 1747, 1714, 1246, 1229,
831 cm!

2-(2-(4-(tert-butyl)phenyl)cyclopropyl)-2-

oxoethyl 4d: dat duoc bang cach cho phan ting tao
san pham cyclopropan theo quy trinh téng quat
trén cua 4-tert-butylstyrene 1d (160.3 mg, 1.0
mmol) v6i diazo acetoxy acetone 2 (28.4 mg, 0.2
mmol). San phadm tho dwgc lam sach boi cot sic ky
trong hé pha dong Hexane/EtOAc (5/1 (v/v)) thu
dugc san phdm trans- 1a chat rin mau trang (50.5
mg, hiéu suat 92%) va dat 91% ee (trans). D chon
loc d6i quang duoc xac dinh béng HPLC bat doi,
cot (Chiral IC3), UV 254 nm, hé pha dong:
Hexane/IPA =9/1, t&c d6 dong: 1.0 ml/phat. [a]t®
=-6.68 (c 1.81, CHC).

TH NMR (400 MHz, CDCls) 8 7.32 (d, ] =7.93
Hz,2H, Ar-H), 7.05 (d, ] =7.93 Hz, 2H, Ar-H), 4.85
(d, ] =16.78 Hz, 1H, OCHH), 4.79 (d, | = 16.78 Hz,
1H, OCHH), 2.57 (ddd, ] =4.27, 7.63, 9.77 Hz, 1H,
OCCH (cyclopropane)), 2.17 (m, 1H, Ar-CH
(cyclopropane)), 2.15 (s, 3H, CHsCO), 1.75 (ddd, | =
4.27,5.30, 9.56 Hz, 1H, CHH (cyclopropane)), 1.47
(ddd, J = 427, 761, 885 Hz 1H, CHH
(cyclopropane)), 1.30 (s, 9H, Ar-C(CHs)s). 3C NMR
(100 MHz, CDCls) d 201.96, 170.30, 149.95, 137.60,
125.92,125.57, 68.64, 34.55, 31.41, 29.51, 29.03, 20.59,
19.12 ppm.

HRMS (DART) du kién CrHxzOs [M+H]*"
275.16472, thuc t& 275.16470.
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IR (neat) v 3028, 2962, 1752, 1715, 1231, 1043, 834

cml.

2-(2-(4-chlorophenyl)cyclopropyl)-2-

oxoethyl acetate 4e: dat duoc bf?mg cach cho phan
tng tao san pham cyclopropan theo quy trinh tong
quat trén cua 4-chlorostyrene le (138.6mg, 1.0
mmol) v6i diazo acetoxy acetone 2 (28.4 mg, 0.2
mmol). San pham thd duoc lam sach béi cdt sic ky
trong hé pha dong Hexane/EtOAc (5/1 (v/v)) thu
dugc san phdm trans- 1a chat rén mau trang (48.0
mg, hiéu suét 95%) va dat 98% ee (trans). D6 chon
loc d6i quang duoc xac dinh bf?mg HPLC bat doi,
cot (Chiral IC3), UV 254 nm, hé pha dong:
Hexane/IPA =9/1, t&c d0 dong: 1.0 ml/phut. [a]3®*
=278 (c 0.74, CHCL).

TH NMR (400 MHz, CDCl3) 7.26 (d, ] =8.41
Hz, 2H, Ar-H), 7.03 (d, ] =8.41 Hz, 2H, Ar-H), 4.83
(d, ] =16.82 Hz, 1H, OCHH), 4.79 (d, ] = 16.82 Hz,
1H, OCHH), 2.57 (ddd, | = 3.82, 6.50, 8.79 Hz, 1H,
OCCH (cyclopropane)), 2.15 (s, 3H, CHsCO), 2.14
(m, 1H, Ar-CH (cyclopropane)), 1.76 (ddd, | =4.20,
6.50, 8.85 Hz, 1H, CHH (cyclopropane)), 1.44 (ddd,
J =420, 6.50, 8.03 Hz, 1H, CHH (cyclopropane)).
13C NMR (100 MHz, CDCls) $201.71, 170.31, 138.22,
132.59, 128.76, 127.60, 68.62, 28.89, 25.43, 20.55,
19.01 ppm.

HRMS (DART) du kién CisH14ClOs [M+H]*:
253.06315, thuc t€ 253.06310.

IR (neat) v 3008, 2929, 1751, 1716, 1231, 1044,
809 cm.

2-0x0-2-(2-(m-tolyl)cyclopropyl)ethyl
acetate 4f: dat duoc bang cach cho phan tng tao
san pham cyclopropan theo quy trinh tong quat
trén cua 3-methylstyrene 1e (118.2 mg, 1.0 mmol)
voi diazo acetoxy acetone 2 (28.4 mg, 0.2 mmol).
San phdm tho dwoc lam sach boi cot sdc ky trong
hé pha dong Hexane/EtOAc (5/1 (v/v)) thu duoc
san pham trans- 1a chat 1ong khong mau (39.5 mg,
hiéu suat 85%) va dat 92% ee (trans). D6 chon loc

déi quang duoc xac dinh b?“ang HPLC bat déi, cot
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(Chiral IC3), UV 254 nm, hé pha dong: Hexane/IPA
= 9/1, tdc do dong: 1.0 ml/phat. [a]p>® =-3.75 (c
0.98, CHCls).

TH NMR (400 MHz, CDCls) 8 7.18 (t, ] = 7.63
Hz,2H, Ar-H), 7.04 (s, 1H, Ar-H), 6.90 (dd, ] = 6.1,
427 Hz, 2H, Ar-H), 4.86 (d, | = 16.78 Hz, 1H,
OCHH), 4.80 (d, | = 16.78 Hz, 1H, OCHH), 2.56
(ddd, J = 397, 6.71, 946 Hz, 1H, OCCH
(cyclopropane)), 2.33 (s, 3H, Ar-CHs), 2.17 (m, 1H,
Ar—CH (cyclopropane)), 2.15 (s, 3H, CHsCO), 1.75
(ddd, J = 4.27, 650, 9.16 Hz, 1H, CHH
(cyclopropane)), 1.47 (ddd, | = 4.27, 7.03, 7.93 Hz,
1H, CHH (cyclopropane)). *C NMR (100 MHz,
CDCls) & 201.92, 170.31, 139.66, 138.33, 128.58,
127.65, 127.04, 123.18, 68.64, 29.73, 29.04, 21.46,
20.59, 19.05 ppm.

HRMS (DART) dv kién CuHirOs [M+H]*:
233.11777 thyec t& 233.11780.

2-(2-(2-chlorophenyl)cyclopropyl)-2-

oxoethyl acetate 4g: dat dugc bang cach cho phan
tng tao san pham cyclopropan theo quy trinh tong
quat trén cua 2-methylstyrene 1g (138.6 mg, 1.0
mmol) v6i diazo acetoxy acetone 2 (28.4 mg, 0.2
mmol). San pham thd dwoc lam sach bai cot séc ky
trong hé pha dong Hexane/EtOAc (5/1 (v/v)) thu
duoc san phdm trans- 1a chdt 1ong khong mau (46.5
mg, hiéu sudt 92%) va dat 97% ee (trans). D chon
loc d&i quang duoc xac dinh bang HPLC bat d4i,
cot (Chiral IC3), UV 254 nm, hé pha dong:
Hexane/IPA =9/1, tdc d6 dong: 1.0 ml/phut. [a]g*?
=-1.23 (¢ 0.60, CHCls).

H NMR (400 MHz, CDCls) & 7.37 (m, 1H,
Ar-H), 7.17-7.21 (m, 2H, Ar-H), 7.06 (m, 1H, Ar-
H), 4.93 (d, ] = 16.82 Hz, 1H, OCHH), 4.89 (d, | =
16.82 Hz, 1H, OCHH), 2.75 (ddd, ] =4.20, 6.88, 8.79
Hz, 1H, OCCH (cyclopropane)), 2.17 (s, 3H,
CH5CO), 2.04 (ddd, | = 4.20, 6.35, 8.09 Hz, 1H, Ar—
CH (cyclopropane)), 1.78 (ddd, ] = 4.59, 6.50, 8.79
Hz, 1H, CHH (cyclopropane)), 1.51 (ddd, | = 4.20,
6.88, 8.03 Hz, 1H, CHH (cyclopropane)). *C NMR

DOI: 10.26459 /hueunijns.v132i1C.7126

(100 MHz, CDClIs) 6 201.71, 170.31, 138.22, 132.59,
128.76, 127.60, 68.62, 28.89, 25.43, 20.55, 19.01 ppm.

HRMS (DART) dy kién CisHuClOs [M+H]*:
253.06315, thuc t& 253.06312.

IR (neat) v 3010, 2929, 1750, 1718, 1231, 1040,
771 cmt.

2-(2-(naphthalen-2-yl)cyclopropyl)-2-

oxoethyl acetate 4h: dat duwoc bang cach cho phan
tng tao san pham cyclopropan theo quy trinh tong
quat trén cua 2-vinylnaphthalene 1h (154.2 mg, 1.0
mmol) v6i diazo acetoxy acetone 2 (28.4 mg, 0.2
mmol). San pham thd dwoc lam sach boi cot séc ky
trong hé pha dong Hexane/EtOAc (5/1 (v/v)) thu
dugc san pham trans- 1a chat ran mau trang (48.3
mg, hiéu suat 90%) va dat 85% ee (trans). D6 chon
loc d&i quang duoc xac dinh bang HPLC bat d4i,
cot (Chiral IC3), UV 254 nm, hé pha dong:
Hexane/IPA =9/1, t&c d6 dong: 1.0 ml/phut. [a]f!*
=-4.11 (c 0.99, CHCl).

H NMR (400 MHz, CDCls) d 7.76-7.81 (m,
3H, Ar-H), 7.56 (s, 1H, Ar-H), 7.42-7.49 (m, 2H,
Ar-H), 7.20 (dd, J=1.91, 1.72 Hz, 1H, Ar-H), 4.88
(d, J=16.82 Hz, 1H, OCHH), 4.82 (d, /= 16.82 Hz,
1H, OCHH), 2.76 (ddd, ] = 4.20, 6.88, 9.17 Hz, 1H,
OCCH (cyclopropane)), 2.28 (ddd, ] = 4.20, 5.35,
8.41 Hz, 1H, Ar—CH (cyclopropane)), 2.15 (s, 3H,
CHsCO), 1.84 (ddd, ] =4.20,5.65,9.17 Hz, 1H, CHH
(cyclopropane)), 1.61 (ddd, ] = 4.20, 6.50, 8.03 Hz,
1H, CHH (cyclopropane)). ®C NMR (100 MHz,
CDCls) © 201.91, 170.35, 137.08, 133.37, 132.49,
128.40, 127.77, 127.55, 126.48, 125.80, 124.90, 124.46,
68.66, 30.00, 29.11, 20.57, 19.02 ppm.

HRMS (DART) du kién CiHirOs [M+H]"
269.11777, thuc t& 269.11780.

IR (neat) v 3019, 2929, 1750, 1715, 1231, 1042,
819 cm-1.

2-(2-methyl-2-phenylcyclopropyl)-2-
oxoethyl acetate 4i: dat duoc bang cach cho phan
tng tao san pham cyclopropan theo quy trinh tong
quat trén cta prop-1-en-2-ylbenzene 1i (118.2 mg,
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1.0 mmol) véi diazo acetoxy acetone 2 (28.4 mg, 0.2
mmol). San pham tho dwoc lam sach boi ot sdc ky
trong hé pha dong Hexane/EtOAc (5/1 (v/v)) thu
duoc san pham frans- 1a chédt long mau vang (25.6
mg, hiéu suét 55%) va dat 85% ee (trans). D6 chon
loc d6i quang duoc xac dinh bf“mg HPLC bat déi,
cot (Chiral IC3), UV 254 nm, hé pha dong:
Hexane/IPA = 9/1, téc d dong: 1.0 ml/phut.

[a]3*! =-0.37 (c 0.41, CHCL5).

H NMR (400 MHz, CDCls) d 7.18-7.30 (m,
5H, Ar-H), 4.63 (s, 2H, OCH2), 2.23 (t, ] = 6.56 Hz,
1H, OCCH (cyclopropane)), 2.11 (s, 3H, CHsCO),
2.00 (t, ] = 4.58 Hz, 1H, CHH (cyclopropane)), 1.52
(s, 3H, C-CHs (cyclopropane)), 1.28 (dd, | = 4.58,
7.63 Hz, 1H, CHH (cyclopropane)). *C NMR (100
MHz, CDCls) o 199.54, 170.21, 140.36, 128.96,
128.45,127.06, 68.97, 36.71, 32.97, 28.70, 21.40, 20.64

HRMS (DART) du kién CiHiyOs [M+H]"
233.11777, thuc t& 233.11780.

IR (neat) v 3025, 2926, 1752, 1719, 1232, 1071,
843 cm.
32 Téng hgp san phim d6i quang
cyclopropane tir cic dan xuat cua diazo

acetoxy acetone va styrene

Téng hop cac dan xuat diazo acetoxy acetone

Cac diazo ketone 2al'”], 2bli8l, 2¢l91, 2d20],
2el21], 2£22], 2g12% duoc tdng hop theo cac tai liéu da
cong bd dinh kem.

Diazo acetoxy acetone 2a

0 1IH NMR (CDCls, 400 MHz) & 5.58
NZVK/OY (s, 1H); 4.62 (s, 2H); 2.15 (s, 3H);

©_J13C NMR (CDCl;, 400 MHz), d
188.90, 169.86, 66.75, 53.25.

2-diazo-1-phenylethan-1-one 2b

0 TH NMR (400 MHz, CDCls) d 7.79-

Noa
zQ‘\© 7.72 (m, 2H), 7.57- 7.50 (m, 1H),
7.43 (dd, ] =6.8, 4.5 Hz, 2H), 5.93 (s,
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1H); 3C NMR (101 MHz, CDCLs) & 186.4, 136.6,
132.7,128.7, 126.7, 54.2.

1-(2-bromophenyl)-2-diazoethan-1-one 2¢

o B | 'H NMR (500 MHz, CDCl3) d 7.60
(m, 1H), 7.45 (d, ] = 6.9 Hz, 1H), 7.36
(t, ] = 7.4 Hz, 1H), 7.30 (m, 1H), 5.72
(s, 1H). 3C NMR (101 MHz, CDCls) & 187.82,

139.54, 133.71, 131.81, 129.00, 127.51, 119.23, 57.48.

N2

ot

1-diazo-3-phenylpropan-2-one 2d

1H NMR (400 MHz, CDCls) d 3.64
(s, 2H), 5.17 (s, 1H), 7.25-7.39 (m,
5H). 13C NMR (125 MHz, CDCl3) &
485,55.6,127.7,129.3,129.8, 135.4, 193.4

N2

S

3-diazo-1,1-diphenylpropan-2-one 2e

1H NMR (400 MHz, CDCls) d 7.23-
7.45 (m, 10H), 523 (s, 1H), 4.92
O (s, 1H); 13C NMR (125 MHz, CDCls)

5 193.77, 13895, 129.17, 128.86,
127.49, 62.35, 56.24.

O

Nox

2-diazo-2,3-dihydro-1H-inden-1-one 2f

IH NMR (CDCls, 400 MHz) b 7.73
(d,]=7.3, 1H); 7.54 (t, ]=7.2, 1H); 7.40
(d,]=7.3, 1H); 7.39 (t, J=7.2, 1H); 4.02
(s, 2H); 13C NMR (CDCls, 100 MHz),
5:188.4; 143.2; 137.3; 133.1; 127.8; 125.3; 122.6; 28.6.

Z
N
go

1-diazohexan-2-one 2g

IH NMR (400 MHz, CDCls) &
Nz AL~ _|5:22 (s, 1H), 229 (t, ] = 6.8, 2H),

1.10-1.18 (m, 4H), 0.92 (t, ] =
4.20, 3H) ; ®C NMR (125 MHz, CDCls)  195.48,
54.15, 40.78, 27.15, 22.30, 13.55.

1-diazo-3,3-dimethylbutan-2-one 2h

o) H NMR (400 MHz, CDCls) 0 5.40 (s,

N29H< 1H), 1.12 (s, 9H). 13C NMR (125 MHz,
CDCls) & 201.85, 52.98, 42.48, 26.99
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Tong hop sin phim doi quang cyclopropan tie cdc din
xudt ctia diazo acetoxy acetone va styrene

Tuong ty, cdc dan xudt ctia diazo acetoxy
acetone 2a-g da tong hop 0 trén dugc ti€p tuc cho
phan tng vdi styren 1a va xtc tac boi cac p-nitro-
Ru(II)-diphenyl-Pheox 3k trong cac diéu kién da tdi
wu: dichloromethane (CH2Clz) la dung moi cho
phan tng, nhiét d¢ -50 °C, sau d6 xem xét d6 chon
loc d6i quang cho san phdm cyclopropan 5a-g, két
qua dugc thé hién trén Bang 2.

Ty 1é cac chat trong phan tng: Dung dich
chita chéat xuc tac (0,003 mmol) va styrene 1a (1,0
mmol) trong dung mo6i (2,00 mL) dugc thém tie tir
dung dich chita cac dan xudt diazo acetoxy acetone
2a-g (0,2 mmol) da hoa trong CH2Cl2 (2,00 mL)
trong 5 gio 6 cac nhiét do khao sat. Tién trinh cta
phan ting duoc theo d6i boi TLC. Sau khi phan ting
hoan tat, lam bay hoi dung moéi va tinh ché san
phdm bang séc ky cot trén silica gel d& thu duoc

san pham mong mudn.

T cac két qua trén cho thay cac phan tng
tao san pham d6i quang cyclopropane 5a-g tir
nhiéu dan xuat ctia diazo ketone dwoc chat xtc tac
boi p-nitro-Ru(Il)-diphenyl-Pheox véi hiéu suét 1én
t6i 87%, véi tinh chon loc 1ap thé tuyét ddi (>99%
de)(*) va d6 chon loc d6i quang tir trung binh dén
tot (41 dén 90% ee) (muc 1-7). Ngoai phan tng tao
san pham d6i quang cyclopropane c6 xtc tac da
dwoc bao cao triede day cua a-diazoacetophenone
véi styrene bang cach st dung porphyrin sat
Halterman c6 hiéu suét 67% va 76% ee [24b], va
porphyrin ruthenium chirus, c¢6 hiéu suat 57% va
83% ee [24a], cdc phan tng tao san pham ddi
quang cyclopropan khac ctia cac dan xudt diazo
ketone 2¢-g khac nhau duéi dang tién chat carbene
gan nhu méi duoc cong bs. Theo phat hién cua
ching t6i, san pham cyclopropyl (5a) cua -
diazoacetophenone vdéi styrene st dung p-nitro-
Ru(II)-diphenyl-Pheox thu dugc véi hiéu sudt 80%
va tinh chon loc quang 80%. Thu vi hon, phan ttng
lién quan dén mot chat cho carbene don gian,

chang han nhu butyl diazo ketone (2f), tao ra san
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phdm 5f véi hiéu sudt vira phai va ¢ tinh chon loc
lap thé, d6 chon loc d6i quang cao (xem muc 6:

mot cach tuwong ting, 95% dr, 90% ee).

béng chu y 14, cac chdt cho carbene cong
kénh 2d, 2e va 2g ¢6 thé phan ting tao san pham
d6i quang boi xuc tac p-nitro-Ru(ll)-diphenyl-
Pheox dé thu dugc cac san phdm twong ting 3d, 3e
va 3g (xem muc 4, 5 va 7) v6i hiéu suét cao (1én
dén 85%) va do chon loc d6i quang vira phai (65%,
65% va 41% ee). Nhiing két qua nay, khi dugc két
hop vé6i nhitng két qua tir bao cdo trude dé [25]
chttng minh kha nang hoat dong dang chti y cua
chat xac tac p-nitro-Ru(Il)-diphenyl-Pheox trong
viéc chap nhéan cac thude thir diazo ketone khac
nhau dé€ tao ra nhiéu loai ketone cyclopropyl voi

tinh chon loc lap thé cao.

Do tam quan trong ctia cac san phdm chita
vong cyclopropane c6 hoat tinh quang hoc nhw
duoc dién trong cac phan ti thuSc va cac san
pham tu nhién ¢ hoat tinh sinh hoc, nghién ctru
ctia ching t6i cho thdy réng cdc dan xudt diazo
ketone c6 thé'la mot loai thudc thir cho carbene tao
san phdm cyclopropane day htra hen cho tng
dung nay. Do kha nang phan ting linh hoat cta
carbonyl va kha nang phan tng doc ddo cua
chiing d6i voi cac san phdm cyclopropane c6 cac
nhém chitc nang & vi tri o, nén viéc da dang hoa
san pham cyclopropane mang lai nhiéu co hdi cho

cac nha nghién cttu thudc trong tuong lai.
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Bang 2. Phan ting tao san pham d6i quang cyclopropan
ctia diazo acetoxy acetone véi cac dan suat ctia styrene
dwoc xtic tac béi p-nitro-Ru(Il)-diphenyl-Pheox 3k

o (6]
Cat.3k ]
Ph X +N29LR Ph/v\‘\ J\R
1a 2a.g  DCM,-50°C, 5h 5a-g
2 PFg

O LPh
Ru*—N\)<ph

(H3CCN)4 Ph

p-nitro-Ru-diphenyl-Pheox Cat. 3k

STT | 5ag HS d.rm
[%]”

ee [%]

(6]
R 80/75
/V‘ 80 96:4
Ph 5 Trans/Cis
a

(0] Br
R 87 | 991 86
PhN/
5b
0

3
89/88
R 70 | 90:10 Trane/Ci
rans/CIs
VAR
4 o}
]
P\ 5q 85 | 973 65
5 0
N
: 62 | 99:1 65
Ph s
6

o
H\/\/ 45 95:5 90
PR/ 5f

i
‘\’< 60 92:8 41
Ph* ;; 5g

9HS: hiéu suét, Ty 1¢ dong phan lap thé, 9d) chon

loc d6i quang
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Phenyl(2-phenylcyclopropyl)methanone 5al>*+]

TH NMR (400 MHz, CDClI3) 5 7.99 (d, ] =9.56
Hz, 2H, Ar-H), 7.55 (m, 1H, Ar-H), 7.46 (t, | = 7.64
Hz, 2H, Ar-H), 7.31 (t, ] = 7.64 Hz, 2H, Ar-H),
7.17-7.25 (m, 3H, Ar-H), 2.90 (ddd, ] = 4.20, 5.35,
8.03 Hz, 1H, OCCH (cyclopropane)), 2.66 (ddd, | =
4.20, 6.50, 9.17 Hz, 1H, Ar-CH (cyclopropane)),
1.93 (ddd, J = 4.20, 5.35, 9.17 Hz, 1H, CHH
(cyclopropane)), 1.56 (ddd, | = 4.20, 6.88, 8.03 Hz,
1H, CHH (cyclopropane)). *C NMR (100 MHz,
CDCls) & 198.68, 140.58, 137.78, 133.02, 128.67,
128.63, 128.21, 128.18, 126.71, 126.67, 126.33,
126.29, 30.09, 29.42, 19.36 ppm.

D6 chon loc d6i quang duoc xac dinh boi
HPLC bat d6i (Chiral AD), UV 220 nm, pha dong:
Hexane/IPA = 60/1, t6c do dong: 0,5 ml/phut.
[a]23° =-1,61 (c 0,72, CHCls)

(2-bromophenyl)(2
phenylcyclopropyl)methanone 5b

TH NMR (400 MHz, CDCl5) 8 7.50 (d, ] =7.63
Hz, 1H, Ar-H), 7.45 (d, ] = 7.93 Hz, 1H, Ar-H), 7.30
(m, 7H, Ar-H), 2.79 (ddd, | = 3.97, 7.02, 10.38 Hz,
1H, OCCH (cyclopropane)), 2.70 (ddd, | = 3.97,
5.35, 8.54 Hz, 1H, Ar-CH (cyclopropane)), 1.97
(ddd, J = 427, 7.02, 854 Hz, 1H, CHH
(cyclopropane)), 1.59 (ddd, ] =4.27, 5.19, 10.38 Hz,
1H, CHH (cyclopropane)). *C NMR (100 MHz,
CDCls) © 20.83, 31.80, 33.64, 119.33, 126.28, 126.75,
127.52, 128.61, 129.12, 131.79, 133.68, 140.06,
142.12, 202.29.

HRMS (DART) dy kién CieHuBrO [M+H]*:
301.02280, thuc t& 301.02280.

IR (neat) v 3061, 3029, 2923, 1681, 1213, 749

cml,

D6 chon loc d6i quang dwoc xac dinh boi
HPLC bat d6i (Chiral ODH), UV 220 nm, pha
dong: Hexane/IPA = 140/1, t6c d¢ dong: 0,5
ml/phut. [a]3*® =-2,57 (c 1,28, CHCls).
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2-phenyl-1-(2-phenylcyclopropyl)ethan-1-one
5¢lel

TH NMR (400 MHz, CDCls) 0 7.17-7.34 (m,
8H, Ar-H), 7.17-7.34 (m, 8H, Ar-H), 7.0 (d, ] = 6.88
Hz, 2H, Ar-H), 2.50 (ddd, | = 4.20, 6.88, 9.17 Hz,
1H, OCCH (cyclopropane)), 3.87 (s, 2H, OCCHz),
221 (ddd, J = 4.20, 5.35, 8.03 Hz, 1H, Ar-CH
(cyclopropane)), 1.68 (ddd, | = 4.20, 5.35, 9.17 Hz,
1H, CHH (cyclopropane)), 1.34 (ddd, ] = 4.20, 6.50,
8.03 Hz, 1H, CHH (cyclopropane)). *C NMR (100
MHz, CDCls) d 206.48, 140.24, 134.22, 129.62,
128.84, 128.52, 127.10, 126.62, 126.34, 51.10, 31.86,
29.78,19.18 ppm.

HRMS (DART) du kién CiyHi:O [M+H]*
237.12794, thuc t€ 237.12790.

IR (neat) v 3061, 3028, 1694, 1603, 1397, 1069,
698 cm-.

D6 chon loc d6i quang dwoc xac dinh boi
HPLC bat d6i (Chiral AD), UV 220 nm, pha djng;:
Hexane/IPA =100/1, t6c d0 dong: 0.5 ml/phuit. 89%
ee (trans), 88% ee (cis). [a]y>® = -1.54 (c 0.65,
CHCls).

2,2-diphenyl-1-(2-phenylcyclopropyl)ethan-1-
one 5d

H NMR (400 MHz, CDCls) 8 7.17-7.35 (m,
13H, Ar-H), 6.95 (d, ]=7.02 Hz, 2H, Ar-H), 7.21 (4,
J=7.26 Hz, 1H, Ar-H), 5.29 (s, 1H, OCCH2), 2.56
(ddd, | = 4.27, 7.02, 946 Hz, 1H, OCCH
(cyclopropane)), 2.23 (ddd, | =3.97, 6.71, 7.93 Hz,
1H, Ar-CH (cyclopropane)), 1.75 (ddd, | = 3.97,
6.95,9.16 Hz, 1H, CHH (cyclopropane)), 1.36 (dt, |
=3.97,6.71,9.47 Hz, 1H, CHH (cyclopropane)). 1*C
NMR (100 MHz, CDClIs) o 206.73, 140.13, 138.46,
138.41, 129.31, 129.26, 128.86, 128.74, 128.49,
127.35, 127.27, 126.64, 126.47, 65.55, 32.81, 30.45,
19.41 ppm.

HRMS (DART) du kién CxsH20 [M+H]*
313.15924, thuc t€ 313.15920.

IR (neat) v 3060, 3027, 1698, 1088, 1070, 698

cml
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Do chon loc d6i quang duwoc xac dinh boi
HPLC bét d6i (Chiral AD), UV 220 nm, pha dong:
Hexane/IPA = 120/1, t6c d¢ dong: 1,0 ml/phut.
[a]55¢ =-3,2716 (c 1,56, CHClLs).

2-phenylspirolcyclopropane-1,2'-inden]-1'(3'H)-

one 5el2¢l

1H NMR (400 MHz, CDCl3) 8 7.79 (d, ] = 8.41
Hz, 1H), 7.53 (t, ] = 7.26 Hz, 1H), 7.38 (t, ] = 7.26 Hz,
2H), 7.30-7.33 (m, 3H), 7.13 (d, ] = 6.88 Hz, 2H),
3.00 (d, ] = 17.58 Hz, 1H, ), 2.92 (t, ] = 7.26 Hz, 1H),
2.79 (d, ] = 17.58 Hz, 1H), 1.99 (q, ] = 4.59 Hz, 1H),
1.69 (q, d = 459 Hz, 1H). ®C NMR (100 MHz,
CDCls) d 206.73, 140.13, 138.46, 138.41,129.31,
129.26, 128.86, 128.74, 128.49, 127.35, 127.27,
126.64, 126.47, 65.55, 32.81, 30.45, 19.41 ppm.

D6 chon loc d6i quang duwoc xac dinh boi
HPLC béat d6i (Chiral IC3), UV 220 nm, pha dong:
Hexane/IPA = 9/1, t6c do dong: 1.0 ml/phut.
[a]3%7 =-1.00 (c 0.47, CHCls).

1-(2-phenylcyclopropyl)pentan-1-one 5f

H NMR (400 MHz, CDCls) d 7.08-7.29 (m,
5H, Ar-H), 2.58 (t, ] = 7.26 Hz, 2H, OCCHz), 2.49
(ddd, J = 4.20, 650, 9.17 Hz, 1H, OCCH
(cyclopropane)), 2.19 (ddd, | = 4.20, 5.35, 8.41 Hz,
1H, Ar-CH (cyclopropane)), 1.57-1.67 (m, 3H,
CHH (cyclopropane), OCCH:2CH:), 1.31-1.37 (m,
3H, CHH (cyclopropane), CH2CHs), 0.903 (t, ] =
7.26 Hz, 3H, CHs). 3C NMR (100 MHz, CDCls) d
209.35, 140.60, 128.57, 126.67, 126.13, 43.86, 32.27,
28.88, 26.16, 22.46, 18.92, 13.94 ppm.

HRMS (DART) du kién CuHnO [M+H]"
203.14359, thuc t& 203.14360.

IR (neat) v 2957, 2931, 1697, 1399, 1065, 697

cml,

D6 chon loc d6i quang dwoc xac dinh boi
HPLC bat d6i (Chiral OD), UV 220 nm, pha dong:
Hexane/IPA = 60/1, t6c do dong: 0.5 ml/phut.
[a]Z =-1,3679 (c 0,53, CHCL).
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2,2-dimethyl-1-(2-phenylcyclopropyl)propan-1-

one 5g

H NMR (400 MHz, CDCls) 6 7.29 (t, ] = 7.26
Hz, 2H, Ar-H), 7.21 (t, ] =7.26 Hz, 1H, Ar-H), 7.11
(d, ] =7.26 Hz, 2H, Ar-H), 2.42 (ddd, ] = 4.20, 6.50,
9.17 Hz, 1H, OCCH (cyclopropane)), 2.37 (ddd, | =
3.82, 5.35, 8.03 Hz, 1H, Ar-CH (cyclopropane)),
1.63 (ddd, J = 4.20, 535, 9.03 Hz, 1H, CHH
(cyclopropane)), 1.35 (ddd, | = 4.20, 6.50, 8.03 Hz,
1H, CHH (cyclopropane)), 1.20 (s, 9H, C-(CHs)s).
13C NMR (100 MHz, CDCls) d 213.61, 140.68,
128.57, 126.51, 126.34, 44.11, 29.79, 29.21, 27.81,
26.31,18.57 ppm. IR (neat) v 2965, 1690, 1365, 1068,
697 cm.

HRMS (DART) du kién CusHuO [M+H]*"
203.14359, thuc t& 203.14360.

D6 chon loc ddi quang duogc xac dinh boi
HPLC bat d6i (Chiral OJH), UV 220 nm, pha dong:
Hexane/IPA = 50/1, t6c d6 dong: 1.0 ml/phut.
[a]2%° =-0.4206 (c 0.26, CHCL:).

3.3 Banluan

Co ché chon loc d6i quang ctia phitc kim
loai-carbenoid vdi olefin trong truong hop nay da
dwoc ban luén ¢ bao cao triede (phan ting tao san
pham d6i quang cyclopropane cta styrene voi
diazo acetoxy acetone dwoc xuc tac boéi p-nitro-
Ru(II)-diphenyl-Pheox). Viéc mo rong nghién cttu
tao cac san phdm d6i quang cyclopropane ctia cac
dan xudt styrene véi diazo acetoxy acetone; ctia
styrene véi cac dan xuat diazo acetoxy acetone la
diéu can thiét trong nghién cttu bat d6i xiing. Hon
thé nira, cac két qua trén cling la minh chiing cu thé
cung c6 thém veé cac co ché cling nhu cac bién luan

da cong bo trude do. ™

4  Kétluan

Dua vao cac diéu kién t6i uwu cting nhu co
ché ctia cong bé trude do, chung toi da tiép tuc thiét

ké va phat trién cac phan tng tao san pham d6i
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quang cyclopropane cua diazo acetoxy acetone va
c4c dan xuat ctia styrene; cta cac dan xuat diazo
acetoxy acetone va styrene; dwgc xdc tac bdi phirc
bat d6i p-nitro-Ru-diphenyl -Pheox c¢6 tinh chon loc
1ap thé cao (1én t6i 99:1), voi hiéu suat tuyét voi (1én
t6i 92%), d6 chon loc d6i quang (1én tdi 98% ee).
Cong viéc lan dau tién duoc cong bo trén thé gidi
nay gdép phan vao sw sdn c6 cua nhiéu san phdm
ketone cyclopropyl da dugc lam giau méi va hitu
ich, duoc tim thdy trong cac san pham tu nhién va
tong hop ¢6 y nghia duwgc pham.

Loi cdAm on: Nghién cttu nay dwoc tai tro boi
Dai hoc Hué trong dé tai ma s6 DHH 2020 - 04 —
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