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1. Background
BioBlocks’ Comprehensive Fragment Library is a set of 
800K virtual molecules, generated from first principles, 
consisting of a wide variety of known and novel 
heterocyclic core structures. BioBlocks wished to identify 
a ~2K compound representative subset of this virtual 
space to synthesise as a lead discovery engine for their 
Leap-to-Lead™ platform.

Clustering in 2D (using fingerprints) proved not to be 
useful: the data set is 3D with high Fsp3 and the 
molecules are quite small, so 2D clustering provided 
clusters that contained little pharmacophoric similarity.
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Figure 1: 2D vs 3D sim on a random subset

2. Workflow
The overall workflow is shown in Figure 2a. A number of issues with stereochemistry were identified. Not all 
diastereomers were topologically or energetically feasible, but all of the toolkits tested gave some incorrect 
stereochemistry assignments, as outlined in Figure 2b. The similarity assessment protocol is shown in Figure 2c.
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Figure 2a: Overall workflow Figure 2b: Stereochemistry issues
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Figure 2c: Fragment similarity assessment protocol
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3. Computational considerations
The full set of fragments consists of 775K compounds 
with an average of 2-3 conformations each.

Computation of the full similarity matrix was estimated to 
require 380 CPU-years. As a result, we took a diverse 
pick subset of 150K compounds, computed the similarity 
matrix (Figure 3), clustered using the k-medoids/ 
CLARANS algorithm2, and assigned the remaining 625K 
compounds to the nearest cluster centroid.
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1.000 0.749 0.618 0.677 0.627 0.701 0.599 0.546 0.574 0.606 0.569 0.684 0.631 0.590 0.586 0.636 0.611 0.659 0.565 0.605 0.648 0.585 0.594 0.535 0.530 0.584
1.000 0.544 0.579 0.529 0.694 0.702 0.558 0.550 0.589 0.578 0.698 0.562 0.528 0.516 0.564 0.650 0.584 0.500 0.507 0.523 0.587 0.638 0.539 0.518 0.564

1.000 0.565 0.647 0.599 0.564 0.615 0.646 0.524 0.625 0.501 0.632 0.713 0.601 0.503 0.511 0.592 0.494 0.662 0.645 0.470 0.511 0.486 0.551 0.536
1.000 0.493 0.597 0.545 0.568 0.657 0.734 0.370 0.525 0.540 0.526 0.533 0.557 0.521 0.758 0.516 0.563 0.570 0.483 0.441 0.480 0.521 0.418

1.000 0.661 0.670 0.540 0.512 0.552 0.574 0.538 0.556 0.670 0.559 0.527 0.470 0.650 0.488 0.632 0.624 0.483 0.499 0.477 0.471 0.538
1.000 0.876 0.543 0.562 0.588 0.522 0.772 0.540 0.532 0.575 0.595 0.602 0.582 0.597 0.624 0.544 0.618 0.650 0.572 0.528 0.546

1.000 0.550 0.534 0.579 0.588 0.687 0.555 0.532 0.539 0.582 0.616 0.599 0.494 0.528 0.529 0.601 0.586 0.518 0.594 0.543
1.000 0.919 0.549 0.719 0.486 0.599 0.574 0.698 0.433 0.504 0.632 0.471 0.598 0.619 0.477 0.446 0.388 0.548 0.453

1.000 0.575 0.695 0.521 0.606 0.591 0.672 0.530 0.509 0.645 0.490 0.539 0.560 0.466 0.466 0.536 0.554 0.467
1.000 0.533 0.520 0.562 0.534 0.516 0.534 0.603 0.722 0.539 0.532 0.540 0.566 0.508 0.525 0.574 0.465

1.000 0.488 0.400 0.602 0.638 0.402 0.548 0.535 0.405 0.454 0.477 0.512 0.483 0.411 0.482 0.424
1.000 0.564 0.603 0.480 0.526 0.491 0.491 0.437 0.464 0.467 0.523 0.733 0.497 0.451 0.610

1.000 0.569 0.641 0.496 0.526 0.608 0.481 0.537 0.588 0.542 0.475 0.553 0.573 0.481
1.000 0.667 0.574 0.485 0.556 0.474 0.589 0.660 0.471 0.520 0.493 0.563 0.571

1.000 0.579 0.482 0.569 0.577 0.565 0.604 0.492 0.432 0.476 0.547 0.444
1.000 0.742 0.578 0.675 0.596 0.677 0.702 0.538 0.564 0.536 0.417

1.000 0.628 0.593 0.651 0.657 0.794 0.593 0.652 0.639 0.433
1.000 0.519 0.599 0.583 0.573 0.453 0.535 0.558 0.426

1.000 0.549 0.603 0.538 0.386 0.418 0.454 0.349
1.000 0.908 0.687 0.456 0.525 0.510 0.489

1.000 0.620 0.416 0.493 0.524 0.471
1.000 0.498 0.722 0.736 0.413

1.000 0.458 0.395 0.655
1.000 0.610 0.425

1.000 0.438
1.000

NFS-mounted 
Amazon EBS 
storage

64 c3.8xlarge spot instances 
(60 GB RAM, 32-core Intel 
Xeon E5-2680 v2 2.8 GHz, 
10 Gigabit LAN)

1 m3.large
on-demand instance

> 2048 jobs can run 
concurrently

> No NFS contention 
thanks to high bandwidth 
and minimized I/O traffic

Similarity matrix divided into 
1.125M 100x100 blocks, 

and distributed over a 2048-
CPU cluser on Amazon EC2

Figure 3: Using an Amazon EC2 supercomputer
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4. Results
The cluster quality as assessed by the silhouette metric3

(1=ideal, 0=random) was good (Figure 4a), and a 
random sample of  the clusters were visually inspected 
and confirmed to have common pharmacophores 
(Figure 4b).

Pseudo-silhouette: 0.610
Population: 11 compounds

Pseudo-silhouette: 0.509
Population: 15 compounds

Pseudo-silhouette: 0.350
Population: 17 compounds

Pseudo-silhouette: 0.100
Population: 17 compounds

Figure 4a: Silhouette plots for the 125K data set 
(top), and the full 775K data set (bottom)

Figure 4b: Example clusters

5. Conclusions
We have demonstrated that it is now computationally 
feasible to cluster very large data sets of compounds 
according to electrostatic and shape properties. The 
result is an extremely information-rich fragment library:

The initial 2000 compound library will cover a large 
fraction of the total space with substantial room to grow.
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> Each fragment has independent connections to:
> ~4 core analogs, each with ~2 diastereomers
> ~25 2D related cores with the same scaffold
> ~30 3D related compounds in the same cluster

> Each real (or virtual) hit gives access to:
> ~5000 related alternatives
> Novel chemical matter
> Multiple optimization paths
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