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Al companions and child safety 
raditionally, a 
child in distress 
has usually turned 
to a parent, friend 

or a counsellor. However, in 
today's world, that confidant 
is increasingly becoming an Al chatbot. Such AI 
companions are quietly 
finding a place in children's 
emotional lives because, 
unlike parents and friends, 
these apps are available at all 
times of the day, appear 
empathetic, and are 
endlessły responsive. But 
who assumes responsibility 
when that relationship turns 
harmful? As AI becomes an 
emotional confidant for 
children, India's regulatory 
framework must confront 
the growing risks of AI 
companionship. 

In April 2025 in the U.S. 
16-year-old Adam Raine died 
by suicide. His family alleged 
that ChatGPT had engaged in 
conversations about suicide 
with Mr. Raine for months 
and had even helped him 
draft a farewell note; they 
subsequently filed a 
wrongful-death lawsuit 
against OpenAI, the parent 
company of ChatGPT. While 
the litigation remains 
ongoing, the case has ignited 
a debate about the 
responsibilities of 
technology companies 
towards vulnerable children. 
On September 10, 2026, 

California enacted the 
Senate Bill 1119, known as 
'Adam's Law'. It introduces 
safeguards for Al companion 
chatbots, including 
crisis-detection protocols, 
parental controls, 
notifications when children 
disable safety settings, and 
independent safety audits. 
The legislation is a clear 
signal that technological 
innovation cannot be at the 
expense of child safety. 
For India, this should 

serve as a regulatory 
wakeup call. Its digital 

Sakshi Rewaria 
Faculty, lIM Rohtak 

A chatbots 
prolonged 
interactions with 
a child may 
raise serious 
concerns about 
emotional 
dependence, 
psychological 
manipulation, 
and exposure to 
harmful advice 

landscape is witnessing an 
unprecedented expansion 
of young users who are 
interacting with Al-powered 
applications. Yet the 
nation's digital laws remain 
largely targeted towards 
conventional forms of 
cybercrime. While the 
Information Technology 
Act, 2000, the Digital 
Personal Data Protèction 
Act, 2023, and the 
Protection of Children from 
Sexual Offences Act, 2012, 
address important 
dimensions of digital safety, 
none establishes a 
comprehensive framework 
governing the psychological 
risks of AI companions. A 
chatbot's prolonged 
interactions with a child 
may raise serious concerns 
about emotional 
dependence, psychological 
manipulation, and exposure 
to harmful advice. 

Unlike conventional 
cybercrime, Al-related 
psychological harm can be 
insidious and difficult to 
detect. Its effects may 
emerge through thousands 
of seemingly innocuous 
exchanges, shaped by 
product design and 
algorithmic responses. 
India's existing laws are not 
equipped to investigate this 
emerging category of harm. 

The challenge, therefore, 
extends beyond the 
government; it also 
concerns the accountability 
of platforms whose 
products are becoming 
deeply embedded in 
children's emotional world. 

Child safety is paramount 
Article 21 guarantees the 
right to life and personal 
liberty, while Article 39(f) 
directs the state to ensure 
that children are given 
opportunities to develop in 
conditions of freedom and 
dignity. These constitutional 
principles acquire renewed 

significance in the age of AI. 
Protecting children must 
now encompass their 
interactions in the digital 
space, not only with respect 
to their personal data and 
physical safety, but also 
from the risks arising from 
engagement with AI 
chatbots. 

However, regulation must 
be calibrated. An excessively 
restrictive approach could 
stifle innovation, burden 
emerging enterprises, and 
impede the development of 
genuine Al progress. The 
objective should not be to 
hinder technological 
progress but to ensure that 
it takes accountability in 
stride. Age-appropriate 
safeguards, crisis-response 
mechanisms, independent 
safety assessments, and 
efective parental oversight 
are some of the reforms that 
can be considered. Such 
measures must also respect 
children's privacy and 
evolving autonomy. 

California's legislative 
response offers India an 
opportunity to examine its 
Own regulatory priorities. 
The objective need not be to 
replicate the U.S. legislation, 
but to develop a framework 
suited to India's institutional 
capacities and digital 
realities. Policymakers must 
also consider whether 
existing cybercrime 
investigation mechanisms 
are equipped to examine 
algorithmic behaviour, use 
chatbot interactions as 
evidence, and establish 
accountability whenever 
prolonged digital 
engagement result in harm. 

The central question is 
not whether children will 
interact with Al; they 
already do. It is whether the 
institutions entrusted with 
their protection can keep 
pace with technologies that 
are transforming children's 
lives and childhood itself. 

C 
t 

C 
lo 
P 
i 
pe 

te 
pr 
re 

Fir 
na 

the 
Na 
Mis 
for 
Tra 

sub 

insi 
on 

by 
Duf 
this 
Ber 
Gha 

Bot 
tect 
pro 
kee 
res 
Stri 
Duf 
rest 
tha 
res 

det 
ou 

as 
tax 



India struggles to curb leprosy tranSmission 
India continues to report more leprosy cases, childhood infections and disability than projected, highlighting the need to interrupt transmissions 
DATA POINT 

Devyanshi Bihani 
Nitika Francis 

ndia's leprosy programme is falling short of several projec tions set for 2025-26. The 
COuntry reported 91,783 new le 
prosy cases in 2025-26, 41.2% high 
er than the projected 65,000. New cases among children were 91.6% 
above the projection while the rate 
of Grade 2 Disability (G2D) among new cases was 1.34 per million, against a projected one per million (Table 1). 

India's national prevalence rate 
was 0.56 cases per 10,000 popula tion at the end of March 2026, be low the elimination target of a pre valence rate below one case per 10,000 (Chart 1). But the burden 
remains concentrated geographi 
cally. Chhattisgarh had the highest 
prevalence among States/UTS at 
1.66 cases per 10,000 population, 
followed by Jharkhand (1.51), 
Chandigarh (1.49), Odisha (1.25) 
and Maharashtra (1.14) (Map 1). 

At the district level, 14.8% of dis 
tricts had a prevalence rate above 
one case per 10,000 in 2025-26, 
down from 18.6% in 2013-14 (Chart 
2) but 114 districts still remained 
above the programme's elimina 
tion target. Moreover, only 148 dis 
tricts have provisionally achieved 
interruption of transmission, 
against a projected 300. 
G2D was also concentrated in a 

few States/UTs. Chandigarh, Delhi, 
Chhattisgarh, Jharkhand and Od 
isha together accounted for 42.5% 
of the 1,945 G2D cases reported in 
2025-26. Chandigarh recorded the 
highest rate at 13.54 per million, 
followed by Delhi (11.53) and 
Chhattisgarh (7.87) (Chart 3). 

Single-Dose Rifampicin Post-Ex 
posure Prophylaxis (SDR PEP), a 
preventive dose given to people 
who have been in contact with a le 
prosy patient, was administered to 
91.2% of the 16.94 lakh eligible con 
tacts in 2025-26, up from 71.4% of 
the 6.48 lakh in 2019-20 (Chart 4). 

Leprosy burden 
The data for the 
charts were 
sourced from the 
National Leprosy 
Eradication 
Programme annual 
report (2025-26). 
The projections 
mentioned in Table 1 
are from the National 
Strategic Plan and 
Roadmap for Leprosy 
2023-2027 published 
in 2023 
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Chart 1: India's leprosy prevalence rate (PR) and annual new case detection rate (ANCDR), 2004-05 to 2025-26 
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Map 1: Prevalence Rate (PR) 
of leprosy across States and 
Union Territories in 
2025-2026, per 10,000 
population 

Chhattisgarh 

0.41 

had the highest 
prevalence 
among States/ 
UTS at 1.66 
cases per 10,000 
population, 
followed by 
Jharkhand (1.51), 
Chandigarh 
(1.49), Odisha 
(1.25) and 
Maharashtra 
(1.14). Together, 
these five 
accounted for 
about 41% of the 
country's cases 

Changing lives: Gnanodaya school located at Venkatapuram in Kanchipuram district admits children of leprosy patients. sHAJU JOHN 
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Table 1: Projections Vs actual figures for key indicators. 'provisionally achieved interruption of transmission 

Chart 3: Chandigarh 
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Chart 2: Share of districts with a leprosy prevalence rate below and above one 
case per 10,000, from 2013-14 to 2025-2026 
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Chart 4: Single-Dose Rifampicin-Post-Exposure Prophylaxis (SDR-PEP) coverage among healthy contacts eligible for the dose, from 2019-20 to 2025-26 
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t the United Nations High Level Meeting 
(UN HLM), in New York in September 
2026, India made official remarks on the 

Political Declaration on Pandemic Prevention 
Preparedness and Response (PPPR). The 
Declaration is part of the emerging global legal 
regime on pandemics led by the WHO-Pandemic 
agreement (PA). 

India's stakes in the Global Pandemic Agreement 

Shaping the framework 
The PA was adopted by 124 member-states in 
2025, incuding India. No country voted against it, while 1l abstained, reflecting alignment across high-, middle- and low-income countries 
(HICs/LICs/LMICs). The negotiations hinged on 
how to balance national sovereignty with 
international cooperation and solidarity, 
exposing the fault lines between the Global North 
and the Global South. Key issues included 
whether a global treaty can set binding targets for measures such as One Health' without securing funding for countries with fragile health systems. Or whether national pandemic regulations can be harmonised through global frameworks. And 
whether private manufacturers can be required 
to share vaccines in real time at affordable prices. 

The PA is not yet open for ratification because 
negotiations are still ongoing for an annex 
concerning the Pathogen Access and 
Benefit-Sharing (PABS) system. PABS could help 
ensure that, during a pandemic, LICs and LMICS 
receive a fair share of vaccines, medicines and 
other therapeutics. 

Even without ratification, the PA has created a 
first-of-its-kind global legal regime for the PPPR. 
Operationalisation requires countries such as 
India to balance interests of the HICs, LICs and 
LMICS. This will determine whether the PA will 
further entrench the inequities of the COVID-19 
pandemic or make global health governance truly 

inclusive. 
At the UN HLM, India succeeded in enshrining 

the multilateral components of the PA within the 
principle of national sovereignty. India reiterated 
its commitment to strengthen global pandemic 
preparedness but stressed that effective 

Priyadarshini 
Singh 
Research Fellow at 
the Centre for Social 
and Economic 
Progress (CSEP) 

India's 
leadership can 
help bridge the 
divides in global 

stewardship have helped the snow leopard. In 
S, SCience and lcal 

pandemic 
governance 

pandemic management requires that international coordination is demonstrated. The first is equitable access to drugs, vaccines and therapeutics and the creation of global public 
goods, such as digital infrastructure (which 
admittedly align with its own national priorities). The second is a respect for national 
sovereignty and the primacy of member-states in 
shaping global policy interventions according to 
national circumstance. As a contrast, the United 
States rejected the Declaration, calling the PABS and WHO's role in declaring pandemics as a 
challenge to its national interests. 

India's line 
In its remarks, India has acknowledged the 
concerns of the Global North and the South. Both 
sides have upheld national sovereignty as 
paramount on several provisions. The African 
countries did not give consent to commitments to 
monitor the human-animal-environment 
interface, a key source of pandemic outbreaks, 
without significant funding, which was not 
guaranteed by the Global North. Similarly, 
countries in the Global North did not want 
binding targets with regards to technology 
transfer (and other similar provisions). 

act and to stay with a species long enough for its 
SUstained effort - to learn, to 

future to change. 

But as India said at the UN HLM, Global 
Solidarity must be demonstrated through action'; 
India must be an active player in the finalisation 
of the global PPPR regime. India is already 
actively engaged in the PABS negotiations and 
must lead the Global South in the post PABS 
context. India can consider three options. First, 
developing partnerships on technical areas of the 
PA (One Health, surveillance, health workforce 
strengthening) to build trust with other COuntries 
in the Global South, and a 'store' of operational 
solutions to tricky national sovereignty problems. 

Second, leveraging its leadership role within 
existing global political groupings. For example, 
the H20 summit (a health and development G-7 
and G-20 partnership) will take place under the 
United Kingdom's G-20 leadership at the end of 
2027; pandemic preparedness is one of the core 
health agendas. During India's G-20 presidency in 

2023, India launched the Global Initiative for Digital Health and holds considerable influence within the platform's health initiatives. Another is Partners for Multilateralisn', which was launched in 2026 by the European Union (co-sponsors are Australia, Barbados, Brazil. Canada, India and Kenya). 
Third, strengthening and aligning domestic policy and regulatory architecture around its own priorities for the PA. Global leadership always rests on domestic strengths. India must ensure that its national policies on PPPR such as 

regulation of access to biological material and distribution of the benefits uphold the highest 
standards of equity which India can then demand 
at the global level. 

A South-South health role 
An equitable global regime on PPPR is in India's 
interests as much as a responsibility towards the 
Global South. India is the pharmacy of the world, 
manufacturing one of the largest shares of 
vaccines in the world in terms of volume. Yet, it 
needs an equitable global vaccine distribution 
regime. The patents for the vaccines that India 
manufactures are held by global 
pharmaceuticals. India is also import-dependent 
for Active Pharmaceutical Ingredients (APIS). 

India needs access to the latest technology 
from the Global North to strengthen the 
manufacturing of high-grade personal protective 
equipment and medical devices. At the same 
time, India needs to lead South-South 
Cooperation and share its technological strength 
with other countries in the Global South. 

India's health system has a continental scale, 
and as India's Health Secretary stated at the UN 
HLM, its interventions in digital health 
infrastructure, laboratories networks and One 
Health are valuable as global public goods. An 
effective PA needs an engaged India, and a strong 
PA will strengthen India's own pandemic 
management. 

This article is based on aforthcoming CSEP working paper on the 
Pandenic Agreemer 
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Docs, hosps can't use AI to Create testimonials: NMC 
Anuja.Jaiswal@timesofindia.com 

New Delhi: Doctors and hospitals cannot use AI to create patient testi monials, clinical outcomes or pro motional content, nor can they pay to manipulate rankings likethose on search engines and apps, under new ethical advertising guidelines issu ed by National Medical Commission Tuesday, effective immediately. 
NMC has barredregistered medi cal practitioners and hospitals from using AI-generated content to adver tise their services, solicit patients or disseminate unverifiable informa 

tion about diagnoses, treatments or outcomes. AI cannot be used to create 
synthetic patient testimonials, voi ces, clinical outcomes or fake endor 
sements, or misrepresent the nature 
or quality of medical services. 

Doctors can't pay for manipulate 
search rankings. They also can'tma 
ke unverified claims Such as "best'", 
"number one", most trusted","gua 
ranteed cures"or “100% success". 

more attackS 
reported on Wednesday. TNN 

Doctors cannot engage influen 

cers, advertising agencies or online platforms in arrangements invol ving payment linked to procuring patients. Doctors and hospitals can not offer limited-period discounts, Coupons, gift packages or referral be nefits if these are likely to encourage nnecessary consultations. Howe 
ver, NMC allows doctorsto use social media for factual, non-promotional health education. Hospitals can si milarly share objective details. 

The guidelines restrict the use of patient photographs without valid Consent and safeguards. Patient tes timonials, before-and-after images 
and treatment-success claims that could create unrealistic expecta tions ormislead are also prohibited. NMC has prescribed a warning and mandatory ethics trainingfora first violation, censure and mone tary penalty for a second, suspen sion for three to six months for a 
third, and six to 12 months for serio us violations. Repeated violations can lead to removal from the medi 
cal register for one to three years. 
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Nobel: Chemistry engincered to mirror life 
Kablr Firaque 
letters @ hindustantines. com 

NEW DELHI: Some molecules can 
exist as two variants, eacha mir 
ror image of the other, and many 
chemical reactions generate 
near-equal proportions of the 
two. The amino acids in living 
organisns, on the other hand. 
follow a curious asymmetry: 
although many of them can exist 
as two variants, only one domi 
nates. 

Engineering chemical reac 
tions with similar asynmetry 
has implications in 
therapeutics. Many 
drug molecules can 
exist in forms that 
are mirTor images of 
each other. Ifa phar 
maceutical contains 
a mix of both vari 
ants, it is not always 
ideal: one variant has 
the desired d therapeu 
tic effect, but the other can some 
times cause harmful side effects. 
The underlying cause of this is 
linked to the asymmetry in the 
chemistry of living organisms. 
The reason for the asymmetry itselfis not fuly understood, but 
it has long been an objective to 
synthesise one variant in drug 
compounds. 

To understand the signifi 
cance of their sohution. it is nec 
essary to begin with the prob 
lem. 

The winners of this year's 
Nobel Prize in Chemistry, Henri 
B Kagan (Université Paris-Sud) 
and Kenso Soai (Tokyo Univer 
sity of Science),. separately 
devised methods that delivered 
products in asymmetric propor 
tions. 

Mirror images 
When we say molecules exist in 
two different forms, a phenome 
non called chirality, it refers to 
the three- dimensional arrange 

PICK OF 
THE DAY 

ment of their atoms. Our hands 
offer an analogy of this: they look 
the same, but the configuration of the fingers and thumb in each 
hand is a mirror image of that in 
the other. The two variants in 

molecules too are 
"miror images" of 
each other; if one is 
"left", the other is 
"right", although 
both have the same 
atoms with the 
same connectivity. 
The miTor-in 

age forms are called 
enantiomers. The 

predominance of one variant, as 
seen in amino acid molecules in living organisms, is called homo 
chirality. 

"The predominant form of 
alpha-amino acids is the 
L-amino acids, which are the 
building blocks of all proteins. 
The other form, D-amino acids, 
is much less abundant in nature. 
The origin of homochirality is 
still an unsolved problem," said 
Santanu Mukherjee, professor of 
organic chemistry, who works in 
this field in his lab at Indian Institute of Science (USc), Banga 
lore. 
He had met Kagan when the 

The mirror images of life 
How Henri B Kagan and Kenso Soal made chemlstry choose one form over the other 
Either left or right 
Some molecules exist in two forms, one a miror image of 
the other. These are called enantiomers and designated as 
left and right. The amino acids used to make proteins in 
Iiving organisms, however, are almost exclusively of only left 
enantiomers or only right enantlomers. The Nobel laureates' 
work involved creating reactions that favour one enantiomer 
over the other. 

Left 

Left 

CHIRAL MOLECULES 
Enantiomer 

HOMOCHIRALITY 

latter visited IISc in 2010. 

Left 

If only one variant dominates 
in amin0 acids, can there be chemical reactions with similar 
asymmetry? Kagan and Soai made pioneering achievements 
in this quest. 

NewDelhl 

Enantiomer 

Right 

Left 

The Kagan experiment 
Kagan comblned left and right enantlomers In the 
catalyst for a reactlon that amplfled the preference 
for one kind. For example, a catalyst in a 7S:25 mlx (right:left) could produce a 90:10 product mlxture. 

LEFT ENANTIOMER 

0.0005% 
RUN 1 

Left 

The twO reactions 
Kagan began working to refine asymmetric reactions in the 
early 1980s. By experimenting 
with a catalyst and mix of enant 
omers, Kagan found a method 
for enhancing the formation of 

25% 
Right 75% 

Left 10% 

The Soai experiment 
The product of Soai's reaction itself amplified the 
asymmetry. As the reaction progressed and Soai 
repeated t d the process, an enantiomer that was in a small excess initially ended up comprisiing 99 5% of the product. 

Right 90% 
RIGHT 
ENANTIOMER 

>995% 

RUN 2 RUN 3 
ILLUSTRATIONS: JOHAN JARNESTAD, THE 
ROYAL SWEDISH ACADEY OF SCIENCES 

one of the enantiomers in the 
product. In 1986, he described 
three different asymmetric reac 
tions, a historic breakthrough. 

nf 

Chemistry Professor Kovuru 
Gopalaiah of Delhi University. 
who did post-doctoral research 

under Kngan nt Univcerslté Paris-
Sud from 2006 to 2008, recalled 
Ihow It wns ike to work wlth him. 
"Although he was already Inter 
natlonally recognlscd as a plo 
ncer of modern asymmetrlc syn 
tlhesis and catalysls, he remalned 
remarknbly approachable, 
inslghtful, and gencrous with hls tlme. He profoundly Inluenced 
my development as a researcher. 
Even afterl joined Dclhl Unlver 
slty, he continued to provide val uable ldcas and guldance." sald Gopalalah, who has co-authored 
ive papers with Kagan. His work with Kagan built upon the foun 
dation the latter had already laid. Gopalaiah studied the thermody 
namic and molecular basis of 
homochirality in enantlomer 
mixtures and how they affected 
catalytic reactions. Soai's contribution, in 2003, 
was pioneering in itself. He pre 
sented a chemical reaction that 
formed an excess of an enanti 
omer. The product itself acts as a 
catalyst for producing more of 
the same enantiomer, increasing 
its proportion as the reaction 
progressed. "As the reaction progresses, 
more catalyst is produced, and 
the reaction becomes faster. He 
also showed that a small imbal 
ance in the percentage of the 
mirror-image form of the prod 
uct is sufficient to amplify chiral 
ity." Mukherjee of IISc said. 
"Áutocatalysis is not a general phenomenon. The Soai reaction 
is a very special case, which dis 
played such chirality amplifica 
tion behaviour." 

Why It matters 
Chemists around the world are 
now trying to emulate Soal's 
experiments by designing reac 
tlons that would amplify asym 
metry in products. And the Impllcations on medlcine cannot 
be overstated. 
The requirement for a single| 

mirror Image of a chiral mole 
cule In pharmaceuticals ands 
agrochemicals has already been 
established, as evidenced by the 
large percentage of Unites States 
FDA-approved chiral drugs. 
Their selective access has been a 
central theme of synthetic 
organic chemistry research for 
more than 50 years," Mukherjee 
sald. 
The objective is not to match 

the chemistry of living orga nisms, but at times to counter it 
to prevernt and cure diseases. In fact, chiral drugs contain a wide 
range of chiral molecules, not 
just amino acids. The selective 
synthesis of one nirror image 
form of those molecules (known 
as enantioselective synthesis) 
has been and continues to be 
important," he said. 

"The catalytic method is the 
most economical way to make 
these molecules, and tremen 

has been made dous progress 
and continues to be made across 
the globe in this direction. This 
year's Chemistry Laureates' 
work is more focused on the fun 
damental aspects of asymmetric 
synthesis and is connected to 
understanding the origin of 
homochirality." Mukherjee 
added. 

( 
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Siberia plague scare draws global scrutiny More international bodies on Wednesday called on Russia to share information after a worker at a plague research institute died in unexplained circumstances last week. Russia has maintained that plague hasn't been confirmed. 
INTERNATIONAL PRESSURE MOUNTS 
The US, EU and WHO have called for greater transparency from Russia. EU said it was necessary to have reliable epidemiologi cal and microbiological findings. WHO asksed Moscow to clarify media reports of a second employee with pneumonia of undetermined cause. Kremlin has rejected the reports. 

THE DEATH UNDER LENS 
Russian media identified the worker as 28-year-old Darya Shipilova, who worked at the Irkutsk Anti-Plague Research lnstitute of Siberia and the Far East. She fell ill and died on October 2. Russian authorities said she died of an unknown type of pneumonia and quarantined 200 people who had been in contact with her. 

PLAGUE-LINK NOT CONFIRMED 
The Russian health watchdog said no relevant pathogens were found among her contacts. Some 
reports suggested that she might have contracted 
pneumonic plague after breaking a test tube 
containing live bacteria at the institute, but the 
Russian health body rejected the version. 

INSIDE THE PLAGUE INSTITUTE 

An undated 
picture shows 
specialists workat 
a laboratory in the IrkutskAntiplague Research Institute, 
as part of anti-epi 

demic measures. AFP 

It was set up in 1934 to control plague outbreaks. Its 
founding sientist helped quell outbreaks in Siberia, Mongolia and China. It later worked on other dangerous diseases, incduding cholera and anthrax. 

WHAT IS PLAGUE? 
It's caused by Yersinia pestis and circulates mainly 
among small animals and fleas. It can spread 
through infected flea bites, respiratory particles and, 
infectious materials. Outbreaks include the "Black 
Death" which killed over 50 million people in Europe in the 1300s.Its mortality rate is 30%-100%, but can be treated with antibiotics if identified quickly. 

Asketch of a doctor in 
Venice at the time of 

Plague outbreak. 

HOW COMMONIS IT? 
Plague is endemic in parts of Africa, the former Soviet 
Union, the Americas and Asia. Most human cases in 

the last six years were reported from the Democratic 
Republic of Congo and Madagastar, according to WHO. Plague is also endemic to Siberia, where Yersinia pestis is present among small wild mammals and theirfleas. It is rare for Russians to have plague. 
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Nobel: Chemistry engincered to mirror life 
Kablr Firaque 
letters @ hindustantines. com 

NEW DELHI: Some molecules can 
exist as two variants, eacha mir 
ror image of the other, and many 
chemical reactions generate 
near-equal proportions of the 
two. The amino acids in living 
organisns, on the other hand. 
follow a curious asymmetry: 
although many of them can exist 
as two variants, only one domi 
nates. 

Engineering chemical reac 
tions with similar asynmetry 
has implications in 
therapeutics. Many 
drug molecules can 
exist in forms that 
are mirTor images of 
each other. Ifa phar 
maceutical contains 
a mix of both vari 
ants, it is not always 
ideal: one variant has 
the desired d therapeu 
tic effect, but the other can some 
times cause harmful side effects. 
The underlying cause of this is 
linked to the asymmetry in the 
chemistry of living organisms. 
The reason for the asymmetry itselfis not fuly understood, but 
it has long been an objective to 
synthesise one variant in drug 
compounds. 

To understand the signifi 
cance of their sohution. it is nec 
essary to begin with the prob 
lem. 

The winners of this year's 
Nobel Prize in Chemistry, Henri 
B Kagan (Université Paris-Sud) 
and Kenso Soai (Tokyo Univer 
sity of Science),. separately 
devised methods that delivered 
products in asymmetric propor 
tions. 

Mirror images 
When we say molecules exist in 
two different forms, a phenome 
non called chirality, it refers to 
the three- dimensional arrange 
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ment of their atoms. Our hands 
offer an analogy of this: they look 
the same, but the configuration of the fingers and thumb in each 
hand is a mirror image of that in 
the other. The two variants in 

molecules too are 
"miror images" of 
each other; if one is 
"left", the other is 
"right", although 
both have the same 
atoms with the 
same connectivity. 
The miTor-in 

age forms are called 
enantiomers. The 

predominance of one variant, as 
seen in amino acid molecules in living organisms, is called homo 
chirality. 

"The predominant form of 
alpha-amino acids is the 
L-amino acids, which are the 
building blocks of all proteins. 
The other form, D-amino acids, 
is much less abundant in nature. 
The origin of homochirality is 
still an unsolved problem," said 
Santanu Mukherjee, professor of 
organic chemistry, who works in 
this field in his lab at Indian Institute of Science (USc), Banga 
lore. 
He had met Kagan when the 

The mirror images of life 
How Henri B Kagan and Kenso Soal made chemlstry choose one form over the other 
Either left or right 
Some molecules exist in two forms, one a miror image of 
the other. These are called enantiomers and designated as 
left and right. The amino acids used to make proteins in 
Iiving organisms, however, are almost exclusively of only left 
enantiomers or only right enantlomers. The Nobel laureates' 
work involved creating reactions that favour one enantiomer 
over the other. 

Left 

Left 

CHIRAL MOLECULES 
Enantiomer 

HOMOCHIRALITY 

latter visited IISc in 2010. 

Left 

If only one variant dominates 
in amin0 acids, can there be chemical reactions with similar 
asymmetry? Kagan and Soai made pioneering achievements 
in this quest. 

NewDelhl 

Enantiomer 

Right 

Left 

The Kagan experiment 
Kagan comblned left and right enantlomers In the 
catalyst for a reactlon that amplfled the preference 
for one kind. For example, a catalyst in a 7S:25 mlx (right:left) could produce a 90:10 product mlxture. 

LEFT ENANTIOMER 

0.0005% 
RUN 1 

Left 

The twO reactions 
Kagan began working to refine asymmetric reactions in the 
early 1980s. By experimenting 
with a catalyst and mix of enant 
omers, Kagan found a method 
for enhancing the formation of 

25% 
Right 75% 

Left 10% 

The Soai experiment 
The product of Soai's reaction itself amplified the 
asymmetry. As the reaction progressed and Soai 
repeated t d the process, an enantiomer that was in a small excess initially ended up comprisiing 99 5% of the product. 

Right 90% 
RIGHT 
ENANTIOMER 

>995% 

RUN 2 RUN 3 
ILLUSTRATIONS: JOHAN JARNESTAD, THE 
ROYAL SWEDISH ACADEY OF SCIENCES 

one of the enantiomers in the 
product. In 1986, he described 
three different asymmetric reac 
tions, a historic breakthrough. 

nf 

Chemistry Professor Kovuru 
Gopalaiah of Delhi University. 
who did post-doctoral research 

under Kngan nt Univcerslté Paris-
Sud from 2006 to 2008, recalled 
Ihow It wns ike to work wlth him. 
"Although he was already Inter 
natlonally recognlscd as a plo 
ncer of modern asymmetrlc syn 
tlhesis and catalysls, he remalned 
remarknbly approachable, 
inslghtful, and gencrous with hls tlme. He profoundly Inluenced 
my development as a researcher. 
Even afterl joined Dclhl Unlver 
slty, he continued to provide val uable ldcas and guldance." sald Gopalalah, who has co-authored 
ive papers with Kagan. His work with Kagan built upon the foun 
dation the latter had already laid. Gopalaiah studied the thermody 
namic and molecular basis of 
homochirality in enantlomer 
mixtures and how they affected 
catalytic reactions. Soai's contribution, in 2003, 
was pioneering in itself. He pre 
sented a chemical reaction that 
formed an excess of an enanti 
omer. The product itself acts as a 
catalyst for producing more of 
the same enantiomer, increasing 
its proportion as the reaction 
progressed. "As the reaction progresses, 
more catalyst is produced, and 
the reaction becomes faster. He 
also showed that a small imbal 
ance in the percentage of the 
mirror-image form of the prod 
uct is sufficient to amplify chiral 
ity." Mukherjee of IISc said. 
"Áutocatalysis is not a general phenomenon. The Soai reaction 
is a very special case, which dis 
played such chirality amplifica 
tion behaviour." 

Why It matters 
Chemists around the world are 
now trying to emulate Soal's 
experiments by designing reac 
tlons that would amplify asym 
metry in products. And the Impllcations on medlcine cannot 
be overstated. 
The requirement for a single| 

mirror Image of a chiral mole 
cule In pharmaceuticals ands 
agrochemicals has already been 
established, as evidenced by the 
large percentage of Unites States 
FDA-approved chiral drugs. 
Their selective access has been a 
central theme of synthetic 
organic chemistry research for 
more than 50 years," Mukherjee 
sald. 
The objective is not to match 

the chemistry of living orga nisms, but at times to counter it 
to prevernt and cure diseases. In fact, chiral drugs contain a wide 
range of chiral molecules, not 
just amino acids. The selective 
synthesis of one nirror image 
form of those molecules (known 
as enantioselective synthesis) 
has been and continues to be 
important," he said. 

"The catalytic method is the 
most economical way to make 
these molecules, and tremen 

has been made dous progress 
and continues to be made across 
the globe in this direction. This 
year's Chemistry Laureates' 
work is more focused on the fun 
damental aspects of asymmetric 
synthesis and is connected to 
understanding the origin of 
homochirality." Mukherjee 
added. 
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