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From beta-lactam nuclei to continuous flow: who can synthesise reliably at the lowest
compliance cost
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Abstract

This report treats pharma intermediates as a technology and compliance question, not a market-
sizing question. Three layers of competition overlap: synthetic routes are largely public knowledge,
gaps in tonne-scale process capability are narrowing, and the layer still diverging is compliance
engineering — whether a process is accepted by the site, passes customer audits and survives
regulatory change control. The same molecule can be quoted 30% apart by two plants with near-

identical certificates of analysis; the difference sits in that third layer.

It places six institutional estimates side by side (USD 14.0-187.73 bn for 2024/2025, more than an
order of magnitude apart) and uses only the merchant-intermediate cluster of USD 36.60-45.45 bn:
a primary anchor of USD 45.45 bn (2025) and a secondary anchor of USD 39.23 bn (2024). No
averaging, no ultra-broad or narrow scopes. The 71 registered sources are graded A/B/C, 34 of 71
opened on the spot, and verification rates are reported against three separate denominators —

nowhere does this report claim 100%.

Key findings (excerpt)

* Reports sharing the name 'pharma intermediates market' cannot be compared directly: six
institutions give USD 14.0-187.73 bn, over an order of magnitude apart; four merchant-scope
estimates fall in USD 36.60-45.45 bn (a 24% spread explainable within one definition).
Anchors are USD 45.45 bn (2025, Mordor) and USD 39.23 bn (2024, SkyQuest). The arithmetic
mean of USD 41.23 bn is explicitly discarded — averaging disguises a definition gap as
estimation error.

* Technical competition in commodity beta-lactam nuclei is over: 6-APA comes from penicillin G
potassium salt in one immobilised acylase hydrolysis step, with 85%-90% isolated yield over

10 consecutive 10 L pilot batches (S25); the two-enzyme route to 7-ACA reached 85% molar



yield in 1995 versus about 72% for chemical cleavage (S24). New capacity competes on
AdmixoreRﬁSze;ﬁéﬂgty\l%Cg, batch consistency, wastewater load and phenylacetic acid recovery — né%%Pr%E
whether to use enzymes.

¢ Cost steps come from removing steps, not from lifting single-step yield: a new ATS-8
atorvastatin side-chain route uses two fewer steps for 79.5% overall yield versus 67.7%
(supplier-relayed patent, grade C, to be verified); remdesivir from GS-441524 takes 3 steps at
76% versus 43% for the original route; enzymatic molnupiravir cuts more than five steps to
two at 41% versus 17%. One or two fewer steps also remove solvent types, unit operations
and impurity profiles.

e Continuous flow must be judged on two levels: nitration residence times down to minutes, a
kilogram-scale electrochemical coupling running 120 hours and AbbVie photoredox at 500 kg
show that hazardous single steps are commercial (maturity grade 7). FDA-approved
continuous manufacturing, however, sits in drug-product manufacture, with no verifiable end-
to-end API case; whole lines remain at pilot scale (no grade, 5-10 years). 'Mature' and 'not yet
deployed' both omit the object being assessed.

* Compliance is the gate on capacity and belongs in the quote: China's elimination catalogue
lists 12 outdated hazardous process technologies and equipment items (4 processes, 8
equipment types); EU REACH requires registration above 1 tonne/year, with strictly controlled
intermediate dossiers costing EUR 4,000-6,000 / 10,000-30,000 by volume band, and 86% of
the 400-plus intermediate dossiers sampled by ECHA in 2011 failed the reduced-data
conditions. Together with regulatory starting material (RSM) change control, compliance
decides whether capacity can legally exist.

e Regions are layered, not substitutes, and precise shares are refused: China exported USD 42.98
bn of APIs in 2024 (an API scope that includes but is not equal to intermediates); India
imported USD 4.348 bn of APIs/intermediates in FY2024-25, 73.71% from China; Europe
produced 64% of APIs locally (value versus tonnage undisclosed, flagged to be verified). Of 62
data rows, 34 are primary, 24 secondary and 4 unverified. Advanced intermediate capacity has

no public verifiable data, so this report constructs no CR4 or HHI.

Global pharma intermediates sizing: six institutional definitions compared

Base-year
Source and scope . CAGR Scope cluster Treatment
size
. 45.45 bn
Mordor Intelligence 7.05% (2026~ Adopted as
usb Merchant cluster ]
(merchant, broad) 2031) primary anchor
(2025)
39.23 bn Adopted as
SkyQuest
usb 6.37% Merchant cluster secondary

(merchant, broad)
(2024) anchor



Base-year

Source and scope . Scope cluster Treatment
size
Future Market 36.60 bn )
' Listed, not
Insights (merchant, ushD 4.5% (2026-2036) Merchant cluster
averaged
broad) (2025)
) 43.64 bn )
TSCl via Gl Listed, not
usD 561% Merchant cluster
(merchant, broad) averaged
(2025)
) . 14.00 bn . . )
Dimension Market 13.4% (different . Rejected, listed
usD . Outside the cluster
Research (narrow) denominator) separately
(2033)
Intel Market 187.73 bn Outside the cluster, likely . .
. Rejected, listed
Research (ultra- usb — includes APIs and contract
. separately
broad) (2024) manufacturing

Four merchant-scope estimates fall in USD 36.60-45.45 bn, a 24% spread explainable within one definition; the narrow 14.0
and the ultra-broad 187.73 differ by an order of magnitude and are listed separately. No averaging, no residual
convergence.

Source: BHMAFFRMMHE, 2024-2026; HEZHRIREMR B

6 in total, all listed in the full edition
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1. 1. Scope: three boundaries between intermediates, 6. 6. Six layers of technical barriers and regulatory

registered starting materials and CDMO starting material change control

2. 2. Market sizing: six-institution scope clusters, 7.7. Cost structure: variable cost, full cost and
adopted and rejected values formulation cost cannot be merged

3. 3. Key molecules and the ten process routes 8. 8. Technology maturity: continuous-flow steps
compared versus whole lines, biocatalysis, photo- and

4. 4. Beta-lactam nuclei: enzymatic default routes to 6- electrochemistry
APA, 7-ACA and 7-ADCA 9. 9. Capacity and regional technology positions:

5. 5. Chiral intermediates: choosing the source of China, India, Europe, North America
chirality, resolution or asymmetric hydrogenation  10. 10. Nine judgement cards, ranked risks and actions

for four buyer and investor roles

Method and definitions

This brief is built from public sources: Chinese and English industry and consultancy reports, annual
reports and prospectuses, customs and statistical series, and public capacity or expansion
announcements by main participants. Where two sources disagree on the same metric, both figures
are shown with the reason for the gap instead of being averaged. Amounts are in USD at nominal
value unless stated; capacity is in 10k t/yr. Forecast window 2026-2031, base year 2025.

Data updated: {zh": 'YZFE&E#', 'en’: 'Semi-annual’}

Coverage

China (commodity cost curve and enzyme engineering)

India (regulated formulations and upstream import dependence)

Europe (high-potency and complex chiral APIs)

North America (demand side and innovator outsourcing)

Excerpts below let you judge structure and methodology; the paid edition lists everything.

Main participants (excerpt)

* |lonza

e CARBOGEN AMCIS
¢ Neuland Laboratories
¢ Evonik

e BASF

e Merck KGaA

13 in total, all listed in the full edition



ixor Research,- admixor.cn SAMPLE
§ources excerpt)

1. A NREEE (FOEERRMFREEEFTERARERR (B—it) ) B 71121, HPTZ4M ®RE 8.
https://www.mem.gov.cn/gk/zcjd/202011/t20201127_372281.shtml (2026-11 i5{a))

2. AENEHRER PIB: 2024-25 M4 AP/ [R5 / shialfkit ] 43.48 {2355T, E S 73.71%.
https://www.pib.gov.in/PressReleasePage.aspx?PRID=2222528 (2026-11 iia])

3. B Mordor Intelligence {Pharmaceutical Intermediates Market) : 2025 £ 45.45 bn USD, 2026-2031 CAGR 7.05%, AR,
https://www.mordorintelligence.com/industry-reports/pharmaceutical-intermediates-market (2026-11 if[a])

21 in total, all listed in the full edition

The full edition includes

o PDF full report with all data tables and sources
» Excel data workbook (tables and original rows)

e PPT management summary (selected reports)

Full edition From ¥199 (introductory, first 100 buyers). Order online:
https://admixor.cn/reports/pharma-intermediates-technology-global/



