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Abstract: High to moderate diastereoselectivity and high chemical yield are observed in
the Michael addition of ylide and chiral camphorpyrazolidinone ylide to an optically pure
o,B—unsaturated carboxylic acid derivatives derived from a chiral camphorpyrazolidinone
and o,pB—unsaturated carbonyl respectively. A novel route to the asymmetric synthesis of

cyclopropanation derivatives is described.
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Introduction: Much attention has been given in recent years to the preparation of
enantiopure cyclopropyl compounds because such compounds occur widely in natural
products™? and synthetic pharmaceuticals and their enantiomers often exhibit different
biological activities®*. So, the efficient stereoselective synthesis of chiral nonracemic
cyclopropanes continues to be one of the important tasks in organic synthesis. A variety of
efficient synthetic methods were reported, of which Simons-Smith reaction and metal-
catalysed®’ decomposition of diazo compound in the presence of alkenes have been
known for years. Based on previous studies of Cohen®® and Julia'™ proposed that Sulfur
ylides'"12 as a substitute for the potentially explosive, toxic, and carcinogenic diazo

compounds'3in cyclopropanation.
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It is well known, that sulfur ylides' react with carbonyl groups or with electron deficient
carbon-carbon double bond in a two-step reaction to afford epoxide or cyclopropanes,
respectively.’® Sulfur ylide in situ generated by treatment of ethyl dimethyl sulfonium
acetate bromide with DBU, were reacted with ab cyclic enones, ' chiral enones'® and
with N-enoyl oxazolidinones in presence of Lewis acids' are reported in the literature.
However, the use of chiral auxiliary a—p unsaturated ester or amide with stabilised sulfur
ylide is limited. So far few methods has been reported, such as using pyroglutamic acid
(O,N-acetal and N-Boc-pyrrolinone) as a chiral auxiliary o—p unsaturated amide with
stabilized sulfur ylide.'??° However the Diastereoselectivity is very poor. Still there are
demands for better Diastereoselectivity methods. Therefore, development of new methods
for stereoselective cyclopropanation of the a—fp unsaturated ester or amide which bear an

appropriate chiral auxiliary continues to be an important area of research.

Present Work:

Part-A: Cyclopropanation from Chiral o,f—unsaturated carbonyls with simple ylides:
We have found recently that o,f—unsaturated carbonyl camphor pyrazolidinone, an
efficient chiral auxiliary that allows its use for Aziridination?' and Epoxidation?2. Now we
describe here an approach to asymmetric cyclopropanation involving the use of optically
pure a.,p-unsaturated carboxylic acid derivatives derived from a chiral
camphorpyrazolidinone as a Michael accepter of ethyl (dimethylsulfuranylidene) acetate.
The mechanism undoubtedly was a nucleophilic attack by ylide carbon (step-1) followed
by ring closure with elimination of dimethyl sulfide (step-2). The cyclopropanation reaction
is not stereoselective, either diastereomer?® may be obtained from the diastereomeric

mixture. The outcome of stereoselectivity totally depends on chiral substrate and solvent
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polarity. The carboethoxy methylene transfer to the a,p—unsaturated double bond is
reminiscent of the methylene transfer with Dimethyl oxo-sulfonium methylide?.

The cyclopropanation of olefin and with ethyl (dimethylsulfuranylidene) acetate has been
studied as a model for this reaction. We screened different solvents (see Fig. S1) and
found that the toluene at higher temperature and acetonitrile at room temperature are ideal
one.

Scheme-1, Cyclopronation with Sulfur Ylide

Me Me Me Me S/\H/OEt
R1 (@] 3b
NH 3aor3b
o / or /NH R\H)\(Rz A = Toluene 80°C
N 8 O R? B = CH4CN, rt
Ph 2 ~g OMe
R = Pyrazolindinone, R = Sultam, /@/
2a-k 2]-20
H3C(F\?PC ~\H H3CgPC¢ H R COOC2H5 COOC2H5
R \“\'@‘ R2 + Rﬁ%@lﬁ\R2 * Rﬁ(/<él/\\R2 * \‘\@A
S A . W
O a R3 O R3 O R d R3
18,28 1R,2R 1S,2R 1R,2S
entry Substrate Ry R: R; Method Time (h) Yield d.ratio* Major Minor

1 2a H H H A 24 90 3:1 4a 4b
2 2a H H H A 24 94 3:1 5a 5b
3 2a H H H B 24 92 2:1 5a 5b
4 2l H H H A 24 40 >99.5 6a 0
5 2l H H H B 24 30 >99.5 6a 0
6 2b H Ph H A 24 43 >99.5 7b 0
7 2b H Ph H B 24 39 >99.5 7c 0
8 2m H Ph H A 24 25 >99.5 8b 0
9 2m H Ph H B 48 23 >99.5 8b 0
10 2c H COOEt H A 24 93 >99.5 9a 0
11 2n H COOEt H A 24 40 >99.5 10a 0
12 2d H CsH7n H A 24 91 >99.5 11a 0
13 2d H CsH7-n H B 24 76 >99.5 11d 0
14 2e H CHs H A 24 87 >99.5 12a 0
15 2f H CsH7-iso H A 24 80 >99.5 13a 0
16 29 H CaHo-tert H A 72 NR 0 0 0
17 2h H CHs CHs A 72 <1 0 14a 0
18 2i CHs CHs H A 72 <1 1:1 15 0
19 20 H CHs CHs A 72 NR 0 0 0
20 2j CHs H H A 24 87 >99.5  16b 0
21 2j CHs H H B 24 88 3:1 16¢c 16b
22 2k Br H H A 24 78 >99.5 17b 0
23 2k Br H H B 24 65 1:1 18 0

d.ratio* = Diastereomers ratio
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The general utility of this procedure was further demonstrated by using several olefin
substituents (2a-20). The simple olefin 2a with methyl ester ylide 3a was gives major
product 4a as 1S, 2S, confirmed by ORTEP and minor product 4b. Repeated the same
reaction with ethyl ester ylide (3b) gives as similar diastereomers ratio. This time the minor
product 5b forms crystals, by ORTEP confirmed the product as 1R, 2R. Treatment of
Nacryoylbornane[10, 2]sultam (2I) under the same reaction conditions resulted in the
desired diastereomeric products in a ratio of 1:1 with low chemical yield 40% (in toluene)
and 30% in acetonitrile respectively. After purification, one product 6a is confirmed as
1R,2R by ORTEP. The less reactivity of the camphorsultam toward cyclopropanation may
be due to the electrostatic repulsion between the sulfone functionality in the chiral auxiliary
with the nucleophilic sulfur ylide?®. The beta phenyl substrate, 2b gives exclusive 7a and
7b in toluene and acetonitrile, respectively. Newly formed stereogenic centers in 7b are
confirmed by ORTEP as 1S,2R,3R. where the ethyl ester group is in cis orientation with
chiral amide bond. In case of sultam substrate 2m gives same product 8b in toluene and
acetonitrile in 25 and 23% yield, respectively. The ORTEP confirmed 8b absolute
configurations as IR,2R,3R, where ethyl ester group is trans to chiral auxiliary amide.
Similarly, the beta-ester 2c¢, gives 9a in toluene. The 1,2-dicarbonyl groups in 9a are
determined to be cis oriented and the absolute stereochemistry of the cyclopropyl moiety
was assigned to be (1S, 2R, 3S). The corresponding sultam ester 2n gives same
diastereomeric product 10a with low chemical yield (40%). The beta propyl 2d gives 1S,
2S, 3S stereogenic centered configurated product 11a, where substituents on
cyclopropane ring are trans to each other. The beta tertiary butyl 2g group does not gives
product at all even prolong reaction time. For a—methyl 2j and a-bromo 2k substituents in
toluene we observed high chemical yield (87% and 78%) as well as stereoselectivity
(>99.5%), whereas in acetonitrile, the chemical yield as well as the selectivity is low. The

a-methyl substituted cyclopropane ring 16b is confirmed as 1R,2R by OTREP.
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Under this reaction condition, several a,f—unsaturated carbonyl substrates give moderate
to good chemical yield and shows good to excellent in diastereoselectivity. Two solvents
were screened for some substrate and found that the chemical yield and
diastereoselectivity is higher in toluene for a particular substrate. Interestingly the beta
phenyl 2b, altogether gives different product in acetonitrile. For simple olefin substituent,
the Diastereoselectivity is decreased from toluene to acetonitrile. In contrast to the
reported method for simple cyclopropanation?® B—electron withdrawing group (ester) gives
excellent yields in chemical (92 %) as well as diastereoselectivity (>99.5%). In general, o
or B substituents olefins give good diastereoselectivity, whereas simple olefin shows poor
selectivity. However, despite its utility and simplicity, limitations are sometimes
encountered, particularly with  less reactive B,B-dimethyl (2h) and o,p-dimethyl (2i)
substrates, even prolong the reaction time gives only trace number of products 14a and 15
respectively. The sultam B,B-dimethyl (20) substrates do not give any product at all. It was
found that the reaction was greatly dependent upon the molar ratio of sulfur reagent, with
lesser equivalents gives less yield, because of self-decomposition of the reagent (at higher
temperature in toluene).

Part-B: Cyclopropanation from Chiral ylide with a—3 unsaturated carbonyl: The
simple ylide reaction is feasible in most of the a—B unsaturated carbonyl substrate, but
need to synthesize chiral derived o—p unsaturated carbonyl substrates as well as the
different ylides for any changes to be made on cyclopropane ring. There are few reported
methods where chiral sulfur ylide?” is used for cyclopropanation, but still need a
convenient method. Herein we report cyclopropanation formation on reaction of chiral
auxiliary having sulfur ylide with a,B- unsaturated carbonyls. it is useful particularly where
chiral auxiliary with a—f unsaturated carbonyl substituted substrates and a-substituted

yllide synthesis is not possible.
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The cyclopropanation by using chiral ylide 3d with methacrylate has been studied as a
model for this reaction. We screened different solvents and found that the acetonitrile at
room temperature is ideal one and gives good chemical yield and diastereoselectivity (Fig.
S2).

Scheme-2, Cyclopronation with Chiral Sulfur Ylide

Me Me
R']
i { Z R R2 acetonitrile
/N\[(§S _ + W —L»rt
@) l}l o | 0] H
3c

Me Me
HaCOOC  H 3COPC H COOC,Hs R H, .COOCHs
NH \”\\\@‘Rz + %‘Rz + .\R2 + X\H\\%Rz
o N/ odp
|
X Ph 18,28 1R,2R 1S,2R 1R,2S
Entry  Substrate R R4 R,  Yield d.ratio* Pr:d- Prgd- Prod-c Prgd-
1 methacrylate OCHs H H 85 1:11:1:0 4a 4b 4c 0
2 ethyl acrylate OC-Hs H H 91 1:17:1:0 5a 5b 5¢c 0
3 oxazolidinone OXA H H 91  0:99.5:0:0 0 19b 0 0
4 tiglate OCHsz CHs H 78 1:11:4:0 20a 20b 20c 0
5 acrylaldehyde CHO H H 92 1:5:3:0 21a 21b 21c 0
6 acrylonitrile CN H H 83 1:8:7:1 22a 22b 22c 22d
vinyl methyl .
7 Ketone CHs H H 85 mix 23 0 0 0
8 fumarate COOEt H COOEt 91 1:0:23:0 0 9b 9c 0
9 maleate COOEt H COOEt 93 1:0:25:0 0 9b 9c 0
10 hexenaldehyde = CHO H CsH7-n 87 1:0:9:0 0 24b 0 0

d.ratio = Diastereomers ratio

With methacrylate, ethyl acrylate, major products 4b, 5b (1R, 2R) and minor products 4a,
5a (1S,2S) and 4c, 5c¢ (1S,2R) were isolated. When oxazolidinone were treated, complete
diastereoselectivity is observed, as product 19b where characterised by ORTEP, as
1R,2R and isolated in 91% vyield. The methyl tiglate gives three diastereomer isomers,
minor product 20a as 1S, 2S and major product 20b as 1R,2R which was characterized by
ORTEP, where the methyl ester is trans to chiral amide. The third diasterecisomer 20c
where characterized as 1R,2S by ORTEP where the methyl ester group is cis to chiral
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amide. The acrylaldehyde also 3 products 21a, 21b and 21c after repeated
recrystallizations, no crystals were formed, whereas the acrylonitrile gives full spectrum of
four possible products 22a, 22b, 22c and 22d. The vinyl methyl ketone gives mixture of
products 23 which are inseparable. These multiple products formations can be explained
that chiral ylide can be attack from either side of simple a,B-unsaturated carbonyl
substrates. As expected, fumarate gives 9b, (1S, 2R) as major product, but surprisingly,
the maleate also gives same 9b (1R, 2S) as major product. This can be explained the
esters groups are in cis orientation is most stable than anti orientation. Surprisingly, the
hexenaldehyde is gives more selective product 24b with chiral ylide. To improve the
selectivity, we generated in situ chiral sulfide from chiral diazo?® in presence of Rh2(OAc)4
and diphenyl sulfide?®, however it is limited to olefin only (Fig.S3). In this method the
stereoselectivity is excellent for amides but not esters but other possible diastereomers
can be synthesised.

Part-C: Cyclopropanation from Chiral ylide and Chiral a,—unsaturated carbonyls:
After studying the cyclopropanation reaction by using chiral a,p—unsaturated carbonyls
and chiral ylide, we studied the combined reaction of chiral a,p—unsaturated carbonyls
(2a-2l) with chiral ylide 3c. Steric hinderance play major rule than stereoselectivity in this
type of reactions. Chiral olefin 2a on reaction with chiral ylide 3c, in various solvents and
found that acetonitrile at room temperature is the best choice and gives good chemical
yield and diastereoselectivity (Fig. S4). In the class of reaction only olefin and beta-ester
are effective. In olefin, the products 25b stereoselectivity is increases to 93% in contrast to
beta-ester 26b, where its stereo selectivity decreases. Surprisingly, the beta-alkyl is
ineffective and as expected a—substituted or o B—disubstituted substrate are unreactive

due to steric hinderance.
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Scheme-3, Cyclopronation by Chiral substrate with Chiral Sulfur Ylide

Me Me Me Me
R1
N 2
R N
o N / \H)\/ + o / N s/ acetonitrile,
I © H N 3 O | e
Ph Ph

2a-k

Me Me

XOC H XOC H H cox H  cox
%z S NS RPN, "
X X g X g X
NH WRLLR? 4 W\RZ + M\Rz + WRLaR?
o N/ \Q a i o by 0 °H \([3[ d j
|
X  Ph 18,25 1R,2R 1S,2R 1R,2S
| Entry Substrate R4 R; Yield d.ratic* Prod-a Prod-b Prod-c  Prod-c |

1 2a H H 90 1:27:0:0 25a 25b 0 0
2 2c H COOEt 92 1:10:0:0 26a 26b 0 0
3 2e CHs H NR
4 2k H CHs NR
5 2i CHs CHs NR

Mechanism: From this structure it may be inferred that the transition state for this
cyclopropanation involved a non-chelate model in which the bond dipole carbonyl group of
chiral camphorpyrazolidinone and the attacking carbon are oriented in opposite direction.
The 1,3-elimination occurred preferentially from the carbonyl side of chiral
camphorpyrazolidinone, leading to the formation of the major diastereoisomer. Diazo
acetamide, 3d goes in similar mechanism, except in situ generated ylide (Fig. S5). In most
of the cases trans structure was assigned to the major compound with the help of "H NMR

spectroscopy and ORTEP.

Figure-1: Mechanism with Sulfur Ylide

After studying various cyclopropanation approaches, we came to conclusion, that method-
A is give better diastereomer products, than chiral ylide (method-B), whereas diazo in
presence of sulfide is limited to unsubstituted o, -unsaturated carbonyl only. As

expected in Method-C, steric hindrance is played major role than stereoselectivity.

Page 8 of 13



Applications: The olefin major product is 1S,2S is useful for granzyme B inhibitrs3°,
glutamate release inhibitors®!, dopamine D3receptor ligands3? and channel blockers®? the
minor product 1R,2R useful in synthesising the calcium channel blockers®*. B-substituted
olefins give highly functionalised 1,2,3-trisubstituted cyclopropane derivatives3®36, which
can be used to synthesize PCCG-4 and PCCG-13, the subtype-selective antagonists for
metabotropic glutamate receptor.?® renin and retroviral protease®’. The diester-
Cyclopropane were used for stereochemical studies®®3% o-bromo substitute in particularly
important, the obtained cyclopropane derivatives can be further chemically manipulate to
give 1-Aminocyclopropane-1-carboxylic acid derivatives (ACC) which constitute a family
a,a-amino acid of tremendous interest because of their biological activity and potential use
in conformationally restricted peptides.*%412 The 1-methyl1-ester product, 1S,2S is useful
for synthesis of neurodegenerative disorders inhibitos*2. Its major diastereomer product
(1R,2R) is useful for the B-amino acid*?, aspartic protease activity** Coenzyme B12-
dependent 2-Methyleneglutarate Mutase*®, the cis isomer (1S,2R) is useful for the

polyamines for cancer therapy*®

Conclusion: we have developed a stereo chemically controlled reaction for synthesizing
the enantiopure cyclopropanes by using a,p-unsaturated carboxylic acid derivatives 2a-k
derived from a chiral camphorpyrazolidinone as a Michael acceptor of ethyl
(dimethylsulfuranylidene) acetate and chiral ylide 3¢ with o,B-unsaturated carbonyls. Its
efficiency was demonstrated without using any metals. It is obviously that the present
method would be useful for synthesizing other important 1,2,3-trisubstituted cyclopropane

derivatives.
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Data and materials availability: Crystallographic model data is available through the
CCDC under identifier 2040634, (3aS,6R,7aR)-8,8-dimethyl-1-((E)-4-methylpent-2-enoyl)-
2-phenylhexahydro-3a,6-methanoindazol-3(2H)-one (2f); 2040633, (3aS,6R,7aR)-1-((E)-
4,4-dimethylpent-2-enoyl)-8,8-dimethyl-2-phenylhexahydro-3a,6-methanoindazol-3(2H)-
one (29): 2039967, methyl (1S,2S5)-2-((3aS,6R,7aR)-8,8-dimethyl-3-oxo-2-
phenyloctahydro-3a,6-methanoindazole-  1-carbonyl)cyclopropane-1-carboxylate (4a);
2039966, Ethyl(1S,2S5)-2-((3aS,6R,7aR)-8,8-dimethyl-3-oxo-2-phenyloctahydro-3a,6-
methanoindazole-1-carbonyl)cyclopropane-1-carboxylate  (5b); 2040540, ethyl
(1S,2R,3R)-2-((3aS,6R,7aR)-8,8-dimethyl-3-oxo-2-phenyloctahydro-3a,6-
methanoindazole-1-carbonyl)-3-phenylcyclopropane-1-carboxylate (7c); 2040545, ethyl
(1R,2R,3R)-2-((6R,7aR)-8,8-dimethyl-2,2-dioxidohexahydro-3H-3a,6-
methanobenzo[c]isothiazole-1-carbonyl) -3-phenylcyclopropane-1-carboxylate (8b);
2040541, Diethyl (1R,2S,3S)-3-((3aS,6R,7aR)-8,8-dimethyl-3-oxo-2-phenyloctahydro-
3a,6- methanoindazole-1-carbonyl)cyclopropane-1,2-dicarboxylate (9a); 2040546, ethyl
(1S,2S,3S)-2-((6R,7aR)-8,8-dimethyl-3-oxo-2-phenyloctahydro-3a,6- methanoindazole-1-
carbonyl)-3-propylcyclopropane-1-carboxylate (11a); 2039826, ethyl (1R,2R)-2-((6R,7aR)-
8,8-dimethyl-3-oxo0-2-phenyloctahydro-3a,6-methanoindazole-1-carbonyl)-2-
methylcyclopropane-1-carboxylate(16b); 2040559, methyl (1S,2R)-2-((3aS,6R,7aR)-8,8-
dimethyl-3-oxo-2-phenyloctahydro-3a,6-methanoindazole-1-carbonyl)-1-

methylcyclopropane-1-carboxylate (20¢). See Fig. S6 for crystals data details.
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