
SYSTEMS AND METHODS FOR INDICATING PROPERTIES OF A
UNIT FOR DEPLOYMENT FOR ELECTRONIC WEAPONRY FIELD OF
THE INVENTION Embodiments of the present invention
relate to systems and methods for electronic weaponry.
BACKGROUND OF THE INVENTION Conventional electronic
weapons have an interface to accept a cartridge. When
activated by the weapon, the cartridge deploys
electrodes toward a target. The spent cartridge is
removed manually and replaced with another cartridge
for another activation with the same or a different
target. Several conventional cartridge types, each
type with a different range (e.g., length of
wire-tethers for electrodes), have been developed to
operate interchangeably with a conventional electronic
weapon via this interface. Users of conventional
electronic weapons are trained to accommodate several
limitations of an electronic weapon. For example, a
user must be aware of the type of cartridge presently
installed at the interface because the electronic
weapon is not aware. Further, the control functions of
a conventional electronic weapon are not responsive to
the status of a cartridge (e.g. ready or already
fired). It is desirable to reduce the extent of user
training and the burden on an electronic weapon user
with respect to being aware of the capabilities of the
electronic weapon with various cartridges. BRIEF
DESCRIPTION OF THE DRAWING Embodiments of the present
invention will now be further described with reference
to the drawing, wherein like designations denote like
elements, and: FIG. 1 is a partial functional block
diagram of an electronic weapon with a unit for
deployment, according to various aspects of the
present invention; FIG. 2 is a partial functional
block diagram of an electronic weapon with a magazine,
according to various aspects of the present invention;
FIG. 3 is a partial functional block diagram of the
unit for deployment of FIGs. 1 or 2; FIG. 4 is a
partial functional block diagram of another electronic
weapon with a unit for deployment, according to
various aspects of the present invention; FIG. 5 is a
partial functional block diagram of a projectile,
according to various aspects of the present invention;
FIG. 6 is a partial functional block diagram of
another projectile, according to various aspects of
the present invention; FIG. 7 is a simplified
schematic diagram of a stimulus signal generator of
FIGs 4 or 6; FIG. 8 is a simplified schematic diagram
of a two-conductor interface between an electronic
weapon and a unit for deployment according to various
aspects of the present invention;FIG. 9 is a
simplified schematic diagram of a three-conductor
interface between an electronic weapon and a unit for
deployment according to various aspects of the present
invention; and FIG. 10 is a simplified schematic
diagram of another three-conductor interface between
an electronic weapon and a unit for deployment
according to various aspects of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS An
individual such as a police officer, a military
soldier, or a private citizen may desire to interfere
with the voluntary locomotion of a target (e.g., one
or more persons or animals). Locomotion by a target
may include movement toward and/or away from the
individual by all or part of the target. An individual
may desire to interfere with locomotion by a target
for defensive or offensive purposes (e.g., self
defense, protection of others, defense of property,
controlling access to an area, threat elimination).
For example, terrorists may be stopped in assaults and
prevented from completing acts involving force to gain
unlawful control of facilities, equipment, operators,
innocent citizens, and law enforcement personnel. In
another example, law enforcement officers may arrest
and maintain the cooperation of persons by using an
electronic weapon against that person or persons. An
electronic weapon includes any weapon that passes a
current through a circuit that includes a target. A
hand-held weapon (e.g., contact stun device, stun gun,
baton, shield); a gun, an installation, a grenade, a
mine, or an armed robot may shoot wire-tethered darts
to form the circuit. A restraint device (e.g., an
electrified belt, harness, collar, shackles, hand
cuffs, patches) may be affixed to the target to form
the circuit. All or part of an electronic circuit that
provides the current may be propelled toward the
target. A wireless projectile launched (e.g., by a
gun, an installation, a grenade, mine, or an armed
robot) toward the target may deploy electrodes that
establish the circuit. An electronic weapon when used
against a target causes an electric current to flow
through part of the target's tissue to interfere with
the target's use of its skeletal muscles. Passing a
current thought a target is referred to herein as
stimulating the target; and the current is herein
called a stimulus signal. Stimulating includes a local
stun function where electrodes (also called terminals)
fixed to the electronic weapon (e.g., a stun gun) are
proximate to target tissue; a remote stun function
where electrodes of the electronic weapon are launched
away from the electronic weapon (e.g., connected by
conducting tether wires); and/or a remote stun
function where a projectile is launched away from the
electronic weapon toward a target (e.g., no connecting
tether wires). When a terminal or an electrode is
proximate to the tissue of the target, an arc may be
formed in the air to complete a circuit for current to
flow through the tissue of the target. The current may
be delivered as a plurality of pulses. Each pulse
interferes with the target's use of its skeletal
muscles. A respective arc may be formed for each pulse
or maintained for a series of pulses. The current may
be quantified in any conventional manner (e.g.,
average current over several pulses, pulses per
second, average charge per pulse, average pulse
duration). Electronic weapons of thetype discussed
herein may provide a stimulus signal that halts
locomotion (as opposed to merely causing pain). A
conventional stimulus signal of the type that halts
locomotion has 5 to 20 pulses per second, from 50 to
500 microcoulombs per pulse, and from 10 to 500
microseconds current duration per pulse. Duration and
charge measurements may be made between the points of
10% and 90% of peak amplitude of the current through a
load (e.g., 400 ohms) substituted for a target. The
stimulus signal interferes with the target's voluntary
control of its skeletal muscles in such a manner that
the target, overwhelmed with pain does not move, or
overwhelmed by the current cannot move its limbs.
Consequently, the target may lose its balance, and may
fall to the ground. Use of electronic weapons
simplifies arrest of a target because the target is
unwilling or preferably unable to resist arrest. In
operation, for example to stop a terrorist act,
electrodes may be propelled from the electronic weapon
toward the person to be stopped or controlled. After
impact, a pulsing electric current of 5 to 20 pulses
per second is conducted between the electrodes
sufficient for interfering with the person's use of
his or her skeletal muscles. Interference may include
involuntary, repeated, intense, muscle contractions
that may merge into continuous contraction. A unit for
deployment, according to the various aspects of the
present invention, may include any materials for
delivering a stimulus signal. One set of materials may
be packaged as a cartridge. Several sets of materials
may be arranged in a magazine or clip. Materials may
include expendable materials (e.g., containers for
propellant completely expended for a single delivery,
non-reusable electrodes and tether wires). A unit for
deployment may be packaged as a cartridge (e.g.,
comprising propellant and wire-tethered electrodes),
electrified projectile (e.g., comprising a signal
generator and deployed electrodes), and/or
combinations thereof (e.g., a clip, a magazine).
Functions of a unit for deployment include launching
and stimulating as discussed above, and may further
include describing the unit for deployment. Describing
may include indicating a property (e.g., mechanical or
electrical) of the unit for deployment at any time
(e.g., the property being subject to change). An
electronic weapon, according to various aspects of the
present invention, may accept one or more units for
deployment (also called deployment units) and may
include a launch controller that cooperates with the
one or more units for deployment. The launch
controller may communicate with the one or more units
for deployment over a multipurpose interface (e.g.,
comprising a bus). A unit for deployment that includes
electrodes, tether wires, and a propellant system may
be packaged as a cartridge for convenient ad hoc
mounting on a launch controller to form an electronic
weapon for a single remote stun use. After propelling
the electrodes from the cartridge, the spent cartridge
may be removed from the electronic weapon and replaced
with another cartridge to be ready for another use of
the electronic weapon against the same or a different
target. Generally, but not necessarily, when a
cartridge is removed from an electronic weapon, the
stimulus signal is no longer deliveredthrough the
cartridge's electrodes. A cartridge may include
several electrodes launched at once as a set, launched
at various times as sets, or individually launched. A
magazine or clip, according to various aspects of the
present invention, supports multiple uses of the
electronic weapon on the same or different targets. A
magazine may include an assembly of expendable
materials, a plurality of cartridges, and/or a
plurality of projectiles as discussed above. For
example, an electronic weapon that for each use
deploys a stimulus signal through one circuit
typically 



including one target (e.g., one shot per use) may
include a launch controller that independently
controls the magazine for shots in series (e.g., one
or more per trigger event) or for multiple shots
(e.g., several concurrent shots and/or stimulations
per trigger event) substantially simultaneously or in
a sequence. The launch controller may communicate with
the magazine using conductors unique to each use
and/or conductors common to several uses. A magazine
according to various aspects of the present invention
maintains materials for several uses (e.g. several
trigger events) ready for use by the electronic
weapon. For example, if a first attempted remote stun
function is not successful (e.g., an electrode misses
the target, the electrodes short together), a second
set of materials (e.g., cartridge, projectile) may be
ready for substantially immediate use (e.g., without
operator intervention to mechanically adjust the
electronic weapon and/or magazine). It is desirable to
identify to a launch controller the materials that are
available for one or more uses of the launch
controller prior to a next operation of the launch
controller. It is also desirable to identify that no
materials are available. Identification may be
accomplished by detecting any property of the
materials. A property includes an aspect of the
materials that is detectible by an electronic weapon
(e.g., physical size, physical shape, weight,
electrical characteristics, temperature, and/or any
operation of a deployment unit function). In the
discussion that follows, materials for a single use
are referred to as a cartridge for clarity. According
to various aspects of the present invention, other
electronic weaponry implementations of the structures
and functions discussed herein may employ magazines
and clips as discussed above that have materials not
packaged as one or more mechanically separable
cartridges. Operation of a unit for deployment occurs
when a function of a unit for deployment is performed.
Particularly, operation of a cartridge occurs when a
cartridge function is performed. Cartridges, according
to various aspects of the present invention, operate
by performing one or more of the following cartridge
functions: launch, stimulate, provide information to
be recorded, and describe available cartridge
functions. Cartridge functions may be activated
individually or in sets. Cartridge functions may be
activated once per trigger event or in a series
responsive to a trigger event. The performance of one
function may start the performance of another
function. Due to the limitations of the expendable
materials, some functions may be performed once (e.g.,
launch), while other functions may be performed
multiple times (e.g., stimulate, provide information,
describe). A describe function, according to various
aspects of the present invention, provides to an
electronic weapon access to a property of a unit for
deployment as discussed above. An indicator mayperform
the describe function. The describe function may be
conducted over an interface between a launch
controller and a unit for deployment. By performing
the describe function, information is conveyed across
the interface. The launch controller may record the
information conveyed. The information may include
indicia of: a present value of a property, a change of
a value of a property, and/or a rate of change of a
value of a property. For example, the property may be
any of a resistance, a capacitance, an inductance, a
resonance, a polarity, or a digital value. The
property may be indicated with respect to a reference
(e.g., a ratio of resistances). The property may be a
consequence of particular circuitry (e.g., a parallel
combination of resistances, continuity). The property
may be distributed in time (e.g., a serial code). The
property may indicate proper installation or assembly
(e.g., that a cartridge, projectile, magazine, or clip
is properly coupled mechanically and/or electrically
to the launch controller) or lack thereof (e.g., no
materials ready for use). The property may convey
information about any of a range of the unit for
deployment (e.g., design length of tether wires),
manufacturer, date of manufacture, status (e.g.,
ready, spent), and malfunction. Performance of a
function of a cartridge may modify a property of the
cartridge. For example, launching electrodes from a
cartridge may change an electrode present property of
the cartridge from electrode present to electrode not
present. Launching may modify an electrical impedance
associated with a propellant, a tether wire, an
electrode, a frangible circuit, a consumable material,
a destroyed component, and/or a portion of a
projectile. According to the present invention,
electronic weapons in cooperation with a unit for
deployment achieve particular synergies. For example,
in electronic weapons of FIGs. 1 - 10, a description
of a property of the unit for deployment is conveyed
across an interface for improved cooperation.
Electronic weapon 100 of FIG. 1 includes launch
controller 102, unit for deployment 104, and interface
120. Launch controller 102 includes detector 108 and
recorder 110. Unit for deployment 104 includes
indicator 106. Briefly, launch controller 102 detects
information from unit for deployment 104 before,
during, and/or after launch. Launch controller 102
controls functions of unit 104 as needed to accomplish
a local stun and/or a remote stun as discussed above.
Unit for deployment 104 may include structures for
launching, stimulating, and describing. Launch device
102 may determine the properties (e.g., use,
malfunction, range) of at least one and preferably all
cartridges of the unit for deployment. Launch device
102 may determine these properties upon installation
of unit for deployment 104 with, on, or in launch
device 102. A launch controller includes any apparatus
that performs a launch function. A launch controller
may propel wire -tether electrodes. A launch
controller may propel all or part of a projectile. For
example, a launch controller for a mine (e.g., area
denial device) may launch wire-tethered electrodes. A
launch controller for a weapon (e.g., electronic,
electronic combined with conventional firearm) may
launch wire-tethered electrodes and/or a projectile
from the weapon. A trigger event that initiates
alaunch function may be initiated by a user of the
launch controller (e.g., a manually operated trigger)
or a target (e.g., a trip wire). A detector includes
any apparatus that detects a property of a unit for
deployment. A detector may receive indicia of a
property of a unit for deployment. For example,
detector 108 may receive indicia conveyed across
interface 120. Detector 108 may include a circuit that
provides a voltage, a current, and/or a digital signal
to cooperate with indicator 106. For example, when
indicator 106 includes a resistance, detector 108 may
supply a current to detect the resistance (e.g.,
measure resistance, detect presence of a resistance,
determine a ratio of resistances, compare a resistance
to a threshold). Indicia of a property of a unit of
deployment generally describe the unit for deployment.
The description may indicate a type of the unit for
deployment and/or an identifier of a particular unit
for deployment. A type describes a group of items of
that type, while an identifier describes one item
having that identity. For example, a type may indicate
a manufacturer, a model, a capability, a standard, a
quality level, a period of time, or a combination of
these descriptions. A condition for launching,
deploying, driving, stimulating, communicating,
recording, or a combination of these functions as
discussed herein may be met by a type or by an
identifier that matches the condition. A processor
that receives from a sensor indicia of a type or of an
identifier may conditionally control these functions.
For example, transceivers may be addressable for
competitive use of a communication medium (e.g., one
or more channels). An address may be determined in
whole or in part from indicia of an identifier. A
recorder includes any apparatus that records
information about a use of electronic weapon 100. A
recorder may record performance of functions by launch
controller 102. For example, recorder 110 records
information about a performance of a function by
launch controller 102 and about a unit for deployment
104. Information from unit for deployment 104 may
include a description (e.g., one or more properties)
of unit for deployment 104. Recorded information may
include any combination of time, date, location,
operator ID, launch controller ID, use, malfunction,
and/or battery capacity. Recorder 110 may record audio
and video information. Recording may integrate the
above information with audio or video information
(e.g., subtitles). Recorder 110 cooperates with any
conventional interface (e.g., USB, wireless network)
to facilitate access to the information for review. In
another implementation, launch controller 102 does not
include recorder 110 to decrease cost and complexity
of launch controller 102. An indicator includes any
apparatus that provides information to a launch
controller. An indicator may perform the describe
function as discussed above. Indicator 106 includes
any apparatus that provides indication of one or more
properties of unit for deployment 104, as discussed
above. An indicator cooperates with a launch
controller for communication of indicia that convey
information from the indicator to the launch
controller. Information may be communicated in any
conventional manner including sourcing a signal by the
indicator or modulating, by the indicator, a signal
sourced by the launch controller. Information may be
conveyed by any conventional property of the
communicatedsignal. For example, an indicator may
include a passive electrical, magnetic, or optical
circuit or component to affect an electrical charge,
current, electric field, magnetic field, magnetic
flux, or radiation (e.g., light) sourced by a launch
controller. Presence (or absence) of the charge,
current, field, flux, or radiation at a particular
time or times may be used to convey information via an
interface between a launch controller and an
indicator. Relative position of the indicator with
respect to a detector in a launch controller may
further convey information. In various
implementations, the indicator may include one or more
of any of the following: resistances, capacitances,
inductances, magnets, magnetic shunts, resonant
circuits, filters, optical fiber, reflective surfaces,
and memory devices. 



An indicator according to various implementations
includes any combination of the above technologies. An
indicator may communicate using analog and/or digital
techniques. When more than one bit of information is
to be conveyed, communication may be in serial, time
multiplexed, frequency multiplexed, or communicated in
parallel (e.g., using multiple technologies, using
multiple channels of the same technology). The
information indicated by an indicator may be
communicated in a coded manner (e.g., an analog value
conveys a numerical code, a communicated value conveys
an index into a table in the launch device that more
fully describes the meaning of the code). The
information may include a description of a property of
a cartridge and/or magazine, including for example,
the quantity of uses (e.g., one, plural, quantity
remaining) available from this cartridge (e.g., may
correspond to the quantity of electrode pairs in the
cartridge), a range of effective distance for each
remote stun use, whether or not the cartridge is ready
for a next remote stun use (e.g., indication of a
fully spent cartridge), a range of effective distance
for all or for the next remote stun use, a
manufacturer of the cartridge, a date of manufacture
of the cartridge, a capability of the cartridge, an
incapability of the cartridge, a cartridge model
identifier, a serial number of the cartridge, a
compatibility with a model of launch device, an
installation orientation of the cartridge (e.g., where
plural orientations may be used with different
capabilities (e.g., effective distances) in each
orientation), a malfunction, and/or a use. Use (e.g.,
performance of a function of a cartridge), according
to various aspects of the present invention, may
include a launch operation that deploys electrodes or
propels a projectile. Deployment is conventionally
accomplished by a sudden release of gas (e.g.,
pyrotechnic gas production or rupture of a cylinder of
compressed gas). The force generated from the sudden
release of gas propels at least one electrode away
from the unit for deployment. The force may further
modify a property of the cartridge. Detection of a
modified property (e.g. value before and after, change
of value, value above or below threshold) may indicate
use. An interface includes any apparatus that conveys
information. For example, interface 120 conveys
information between indicator 106 to detector 108.
Interface 120 receives information in any form
provided by indicator 106 and/or detector 108. For
example, interface 120 may convey an electrical signal
from detector 108 to indicator 106 and convey a
modified version of the electrical signal
fromindicator 106 to detector 108. Interface 120 may
further include mechanical functions (e.g., to
position unit for deployment 104 against launch
controller 102 for electrical contact, to position
unit for deployment 104 proximate to launch controller
102 for wireless communication). According to various
aspects of the present invention, an electronic weapon
may cooperate with a plurality of sets of expendable
materials in a single unit for deployment. For
example, electronic weapon 200 of FIG. 2 includes
launch controller 202, magazine 204, and interface
220. Launch controller 202 includes detector 212 and
recorder 214. Magazine 204 includes a plurality 205 of
sets of materials for deployment comprising cartridge
206 and cartridge 208. Magazine 204 further includes
indicator 210. Interface 220 may perform all functions
discussed above with reference to interface 120.
Interface 220 may further position a particular
cartridge with respect to launch controller 202 (e.g.,
sequentially aligning each unspent cartridge to
communicate in turn with launch controller 202). In
operation, launch controller 202 detects information
from magazine 204 before, during, and/or after launch
of a cartridge. Communication between launch
controller 202 and magazine 204 occurs via interface
220. Launch controller 202 controls functions of
magazine 204 and/or each cartridge (e.g., all, a
subset of groups, individually) as needed to
accomplish local stun and/or, remote stun functions of
the magazine. An indicator may perform the describe
function for a single set of expendable materials
(e.g., a cartridge) or for a plurality of sets (e.g.,
cartridges). For example, indicator 210 performs the
describe function discussed above with reference to
indicator 106 for each of cartridges 205 of deployment
204. Indicator 210 may perform the describe function
for cartridges serially or concurrently. The describe
function may be performed for individual cartridges
(e.g., 206 and 208 individually addressable), a next
cartridge, or any suitable group of cartridges. One
group of cartridges includes all cartridges of
magazine 204 to indicate that no further use is
available (e.g , all spent). Indicator 210 may
aggregate information. Indicator 210 may provide
information via interface 220 upon performing the
describe function or in a delayed manner that may
require storage of information before transfer
Interface 220 may convey information in any manner
discussed herein. For example, indicator 210 may
incorporate any conventional memory technology
Detector 212 and recorder 214 may perform the
functions discussed above with reference to detector
108 and recorder 110 with suitable adaptations for
access to the information provided by indicator 210. A
unit for deployment may perform a launch function, a
stimulate function, and/or a describe function with
respect to expendable materials. The performance of
one of these functions may be a prerequisite to the
performance of another of these function. Performance
of a function of a unit for deployment may be
controlled wholly or in part through an interface. A
unit for deployment may include a cartridge that
performs, inter aha, launch, stimulate, and describe
functions.A launch function includes any operation for
launching an electrode and/or a projectile towards a
target. A launch function propels all or part of a
unit for deployment toward a target to provide a
current through the target. A launch function may be
initiated by a launch controller, a user, and/or a
target as described above. A launch function may
ignite a propellant and/or start a rapid expansion of
gas (e.g., as described above). A launch function may
further include a function to deploy electrodes from a
projectile toward a target and/or initially away from
a target. A stimulate function includes any operation
for providing a current through a target. The current
may be provided as a series of pulses of electric
current. The stimulate function may provide pulses of
current at a rate of 5 to 20 pulses per second. A
stimulate function may provide any number of series of
pulses where each series comprises any number of
pulses. A stimulate function may include ionization
where an arc ionizes air in a gap to establish a low
resistance path for current delivery through the
target. A describe function includes any operation for
providing indicia of a property, as described above,
of a cartridge, a magazine, and/or a projectile. A
describe function may detect properties of a unit for
deployment. An interface provides communication
between functions. An interface provides communication
for any function and/or apparatus directly or
indirectly coupled to the interface. An interface for
a unit for deployment may further provide mechanical
functions for positioning as discussed above. For
example, cartridge 300 of FIG. 3 performs launch
function 302, stimulate function 304, and describe
function 306. The functions of cartridge 300 may
communicate via interface 310 with a magazine or with
a launch controller. The functions may communicate
information, status, and/or control messages between
each other and with any other function that has
access, directly or indirectly, to interface 310. For
example, a launch controller may start performance of
launch function 302 via interface 310. A trigger pull
may start performance of stimulate function 304. A
detector and/or indicator may communicate with
describe function 306 via interface 310. Describe
function 306 may provide information before, during,
or after launch. Cartridge 300 may perform functions
as needed to accomplish local stun and/or remote stun.
Electronic weapon 400 of FIG. 4 is one implementation
of an electronic weapon accordingly to Figs. 1 and 3.
Electronic weapon 400 includes launch controller 401
coupled to cartridge 402 by interface 410. Launch
controller 401 includes processor 403 and stimulus
signal generator 404. Cartridge 402 includes
propellant 405, wire tethered electrodes 406, and
indicator 408. Cartridge 402 is a unit for deployment
packaged as a single shot replaceable cartridge (e.g.,
a round). Launch controller 401 uses one mounted
cartridge 402 for each shot and can repeat remote stun
stimulation with mounted cartridge 402 until mounted
cartridge 402 is removed (e.g., dismounted) from
launch controller 401. In another implementation, an
electronic weapon is made and operates according to
Figs. 2, 3, and 4 with adaptations for multiple
operations of the launch, stimulate, and describe
functions, as discussed above. Each projectile is a
unit for deployment packaged as a single shot
replaceable round.Propellant 404 performs launch
function 302 to propel at least one electrode toward a
target for forming a circuit through electrodes and
target tissue. A launch controller, user, and/or
target may begin performance of launch function 302
via interface 410 by activating operation of
propellant 404. Stimulus signal generator 404 and at
least one electrode 406 perform stimulate function 304
by providing a current through the target. Stimulus
signal generator 404 may provide a stimulus signal
that provides ionization and target stimulation as
described above. Indicator 408 performs describe
function 306. Indicator 408 detects a property of
cartridge 402. Indicator 408 indicates, and processor
403 detects, indicia of the property via interface
410. Processor 403 initiates, determines, and/or
controls performance of the launch, stimulate, and
describe functions by executing instructions stored in
memory that is part of processor 403. 



A unit for deployment may include a projectile that
performs the functions described above. For example, a
projectile performs a stimulate function by providing
a stimulus signal through a target hit by the
projectile. The stimulate function of a projectile may
also perform ionization. A projectile performs a
launch function, or is affected by a launch function,
by propelling all or part of the projectile toward the
target. A portion of the projectile may remain with
the launch controller. The projected portion is not
tethered to the launch controller. An indicator
detects properties of the projectile to perform the
describe function. The functions of a projectile may
communicate via an interface. For example, projectile
500 of FIG. 5 is one implementation of a projectile
according to FIGs 1 and 3. Projectile 500 includes a
base portion 502 and a projected portion 504. Base
portion 502 performs launch function 302,506 and at
least a portion of describe function 306, 507.
Projected portion 504 performs stimulate function 306,
510 and at least a portion of describe function 306,
508. In operation, projectile 500 (as a unit for
deployment 104, 204, 300) is placed in a suitable
electronic weapon 100, 200. An electronic weapon may
comprise a launch controller. Projected portion 504 is
propelled toward a target by the launch controller
102, 202 initiating the launch function 506 of base
portion 502. Base portion 502 may remain in the
electronic weapon. After launch, projected portion 504
is not tethered to base portion 502, or the electronic
weapon. The functions of projectile 500 may
communicate via interface 520. The functions may
communicate information, status, and/or control
messages between each other and with any other
function that has access, directly or indirectly, to
interface 520. Describe function 507, 508 may describe
properties of base portion 502, projected portion 504,
or both portions. Describe function 507, 508 may
provide information before, during, or after launch.
Projectile 500 performs functions as needed to
accomplish remote stun. In one implementation of an
electronic weapon that includes a launch controller
and a projectile, the launch controller includes an
interface coupled to interface 520 discussed above.
Interface 520 may be implemented with any combination
of electrical and mechanical interface technologies.
For example, activating launch function 506 may be
accomplished by conventional mechanical apparatus
(e.g., a firing pin) or by an electrical circuit that
passes a current through a propellant to ignite the
propellant. Thedescribe function in projectile 500 may
be implemented using passive electrical components or
components that receive current from the launch
controller. For example, an indicator comprising a
predetermined magnitude of resistance (e.g.,
implemented with one or more passive components) may
perform the describe function where determining the
resistance involves passing a current through the
resistance, the current originating in the launch
controller and conveyed across interface 520 to the
indicator. For another example, an indicator
comprising a memory device programmed with one or more
values that describe the projectile may perform the
describe function where reading the memory involves
providing power and/or clocking currents to the
indicator. Power and/or clocking currents may
originate in the launch controller and be conveyed
across interface 520 to the indicator. By providing
current to the projectile, a battery power supply of
the projectile need not be affected (e.g., turned
on/off, drained) to perform the describe function. The
describe function 507, 508 may be performed before the
launch function 506 and/or after launch the launch
function 506 with suitable communication support to
describe function 508 if performed after launch. In
one implementation, describe function 508 cooperates
with describe function 507 before launch and is not
performed after launch. In another implementation,
describe function 507 is omitted because describe
function 508 performs its functions. In another
implementation, describe function 508 is coupled to
describe function 507 to reduce the complexity of
interface 520 (e.g., both describe functions operate
in parallel for one interface circuit, both describe
functions operate in series for one interface
circuit). Projectile 600 of FIG. 6 is one
implementation of a projectile according to FIGs. 1,
2, 3 and 5. Projectile 600 performs functions as
needed to accomplish a remote stun. Projectile 600
includes base portion 602 and projected portion 604
meeting at interface 621 . Base portion 602 includes
propellant 605 and of indicator 606. Projected portion
604 includes processor 607, stimulus signal generator
608, electrodes 610, and indicator 612. Propellant 606
performs launch function 506. Propellant 606, using
methods described above, propels projected portion 604
away from base portion 602. Base portion 602 remains
with the electronic weapon. Base portion 602 may
accept and launch multiple projected portions 604; or
base portion 602 may be single use. Projected portion
604 carries stimulus signal generator 608 and
electrodes 610 toward the target. When projected
portion 604 is proximate to and/or in contact with the
target, stimulus signal generator 608 and electrodes
610 perform stimulate function 510 by providing a
current through the target as discussed above.
Indicators 606, 612 perform describe function 507,
508, inter aha, before performance of launch function
506. Indicator 606 may indicate properties of base
portion 602. Indicator 612 may indicate properties of
projected portion 604 to a launch controller. Before
and during launch, indicator 612 may communicate with
indicator 606 via interface 621 . Interface 621 may
use conducted electrical signals or radiated
electrical signals. After performance of launch
function 506, indicator 612 may not communicate with
indicator 606 via interface 621 because the separation
of the base and projected portions may prohibit
communication usingconducted electrical signals. In
another implementation, interface 621 includes
wireless communication. After performance of launch
function 506, indicators 606 and 612 may continue to
communicate information, status, and/or control
messages between electronic weapon 100, 200 and
processor 607 via transceivers 622 and 624. Any low
power directional wireless communication technology
may be used. Transceiver 624 may be associated with a
type and/or an identifier (e.g., a group address or a
unique address) for communication with transceiver 622
and/or other transceivers within range. Indicators
606, 612 may individually or collectively perform the
describe function 507, 508 discussed above. For
example, indicators 606 and or 612 may be omitted when
the remaining indicator suitably performs the describe
function. In one implementation, indicators 606 and
612 are serially connected and support a conventional
I C interface to a launch controller. In another
implementation a passive circuit (e.g., one or more
resistors) perform as an indicator prior to launching
and, after launching, stimulus signal generator 608,
processor 607, and transceiver 624 perform the
describe function. Processor 607 coordinates,
initiates, determines, and/or controls performance of
the stimulate and describe functions by executing
instructions stored in memory that is part of
processor 607. Processor 607 and stimulus signal
generator 608 perform the functions discussed above
with reference to processor 403 and stimulates signal
generator 404 with adaptations for wireless remote
stun by projectile 600 as opposed to wire-tethered
remote stun by cartridge 402. A stimulus signal
generator may affect an indicator or a property
monitored by the indicator. For example, an electronic
weapon may include terminals (also called electrodes)
(e.g., integral to the electronic weapon, packaged in
a cartridge, packaged in a magazine) for pressing
against target tissue to accomplish a local stun
function. For each local stun function (also called
drive stun or simply drive), the signal generator
providing the current that passes through the target
tissue may affect a property of the electronic weapon,
cartridge, or magazine. The property may be altered in
increments. An indicator the provides indicia of the
altered value of the property may cooperate with a
detector as discussed above to provide a record of the
property (analogous to recorders 110 and 214). The
alterable property may be implemented with analog or
digital technologies including charged capacitors,
analog counters, digital counters, analog memory,
and/or digital memory. A stimulus signal generator
performs the stimulate function by delivering a
stimulus signal. A stimulus signal generator performs
ionization and/or stimulation by generating a suitable
stimulus signal (or signals) as discussed above. For
example, stimulus signal generator 700 of FIG. 7
responds to a processor to provide a current 10
through a target via electrodes. The current 10 causes
contractions of skeletal muscles thereby interfering
with locomotion by the target. Stimulus signal
generator 700 includes charge circuit 704, capacitor
Cl, switch Ql (e.g., an SCR or FET), and transformer
Tl. The structure and operation of charge circuit 704,
switch Ql, transformer Tl, electrodes, and a processor
(e.g., 403, 607) may be of the type described in the
following US patents and published patent
applicationsincorporated herein by reference for all
teachings regardless of the present context: 7075770,
7145762, 7280340, and WO2007/130895. For example,
charge circuit 704 charges capacitor Cl to a voltage
(e.g., about 3000 volts) for storing energy for one
output current pulse of 10. At a time suitable for the
desired pulse repetition rate (e.g., about 18 pulses
per second), the processor (e.g., 403, 607) closes
switch Ql until capacitor Cl is completely discharged
through a primary winding of transformer Tl . Current
through the primary winding of transformer Tl results
in a step up voltage (e.g., about 50000 volts) across
the secondary winding of transformer Tl and the
electrodes. Current 10 flows in a circuit that
includes the secondary winding of transformer Tl, the
electrodes, and tissue of the target and may further
include one or more air gaps. Current 10 may be
delivered at a voltage sufficient to form an ionized
path across each gap to complete the circuit. In an
implementation for a projectile where, due to the
force of impact of the projectile with the 



target, air gaps are not expected to exist,
transformer Tl may be omitted. Charging circuit 704
may charge capacitor Cl to a stimulus voltage (e.g.,
about 450 volts) for electrodes that directly impact
target tissue. Charge circuit 704 delivers on each
discharge a pulse of current 10 sufficient to deliver
from about 50 to about 150 microcoulombs of charge to
target tissue. Pulse width may be from about 10 to
about 200 microseconds, preferably about 50
microseconds. A processor includes any analog and/or
digital circuitry for performing instructions stored
in memory of the circuit, for conditioning input
signals, and for providing output signals as discussed
herein. A processor may respond to signals provided by
a user and/or a target to determine that a trigger
event has occurred. Output signals may activate an
indicator, initiate a launch function, activate a
deploy function, initiate a stimulus function,
determine a stimulus function, and/or control a
stimulus function. A deploy/drive function includes a
launch function 302 and/or a stimulate function 304
for local stun (drive) and/or remote stun (deploy)
functions. An apparatus that performs a deploy/drive
function is herein called a deploy/drive apparatus. A
deploy/drive apparatus may be packaged as part of a
unit for deployment (e.g., a cartridge, a projectile).
A deploy/drive apparatus may include a propellant
(405, 605) and may further include the object
propelled (e.g., electrodes (406, 610) or a projectile
(600)) as discussed above. A deploy/drive apparatus
may include a processor and stimulus signal generator
(e.g., as part of a projectile). A deploy/drive
apparatus may further include electrodes (e.g.,
terminals for local stun, wiretethered electrodes for
remote stun, a deployed (launched) projectile having
deployed electrodes for remote stun). An electronic
weapon combined with a deployment unit may include a
processor and several circuits, according to various
aspects of the present invention, for indicating,
reading an indicator (e.g., detecting), and performing
a deploy/drive function. An indicator may be
implemented with electronic components that form a
first circuit for reading (e.g., detecting) the
indication. A second circuit mayinitiate performance
(e.g., launch, deploy) of a deploy/drive function. A
third circuit may provide a stimulus current through
the target. The circuits may have components in
common. The circuits may operate sequentially or
concurrently. The operation of one circuit may be
responsive to the operation of another circuit. The
processor may coordinate, initiate, determine, and/or
control the operation of the circuits. The processor
may read information from an indicator. The processor
may provide a current to perform a deploy/drive
function. Any electronic weapon, for example as
discussed above with reference to FIGs 1 through 7,
may be implemented to include circuitry having a
detector, indicator, and deploy/drive apparatus,
according to various aspects of the present invention.
Three examples follow. Particular synergies according
to various aspects of the present invention are
realized by a processor cooperating with an indicator
before, during, and/or after invoking a deploy/drive
function. A processor may, inter alia and in any
practical order, detect the presence of a unit for
deployment, detect a property in cooperation with an
indicator, determine that the unit for deployment is
ready for a deploy/drive function, determine that a
trigger event has occurred, initiate a launch function
in accordance with the property, and/or initiate,
determine and/or control a stimulate function in
accordance with the property. In each of the three
examples, supply voltages Vl and V2 may have the same
magnitude; however, preferably supply voltage V2
(e.g., about 12 volts) is greater than supply voltage
Vl (e.g., about 3 volts). For a first example,
circuitry 800 of FIG. 8 includes processor 802, sensor
Sl, resistor RlO, resistor Rl 2, switch Q2, indicator
814 comprising resistors Rl and R2, and deploy/drive
apparatus 820. Indicator 814 and deploy/drive
apparatus 820 may be packaged in a unit for deployment
(e.g., a cartridge, magazine, projectile). Indicator
814 may be packaged in whole or in part in a base
portion and/or projected portion of a projectile. When
switch Q2 is off, current Il flows in a first circuit
that includes resistor RlO, node Nl, resistor R12,
node N2, indicator 814, and deploy/drive apparatus
820. When switch Q2 is on, current 12 flows in a
second circuit that includes switch Q2, node N2,
resistor R12 and node Nl (when interface 810 is open)
and further includes indicator 814 and deploy/drive
apparatus 820 (when indicator 814 and deploy/drive
apparatus 820 are coupled to interface 810). Resistor
R12 between nodes Nl and N2 provides a path to test a
failure of switch Q2, that is, Q2 conducting when
nothing is coupled to interface 810. In addition to
the functions discussed below with reference to FIGs.
8, 9, and 10, processor 802 may in addition perform
any combination of functions discussed above with
reference to processors 403 and 607. In other words,
the control and recording functions of launch
controller 102, 202, the describe, launch, and
stimulate functions of unit for deployment 300, and
projectile 500 may be implemented suitably at least in
part with processor 802. Indicator 814 and/or
deploy/drive apparatus 820 has an electrical
resistance that is altered by the deploy/drive
function. For example, the resistance of resistor R2
may be altered as a consequence of launching (e.g.,
propellant force opens R2 by destroying it, propellant
heat damages R2) while resistor Rlis unaltered. The
resistance of deploy/drive apparatus 820 may be
relatively high so as to have relatively small effect
on the parallel resistance of resistors Rl and R2.
Altering the resistance of R2 may be achieved by
locating resistor R2 so it is affected by a release of
energy from deploy/drive apparatus 820. Resistor Rl
may be located out of range of the release of energy
(e.g., behind a shield). Altering and protecting may
be accomplished by employing resistors Rl and R2 of
suitable materials to be unaffected or affected
respectively by the release of energy. In operation,
when switch Q2 is off, current Il is sourced through
resistor RlO and resistor R12 to interface 810. The
voltage at node Nl is sensed by sensor Sl with
reference to circuit ground at node N3. The voltage at
node Nl is the result of a voltage divider having
resistors RlO and Rl 2 in the first leg, and the
resistance across interface 810 in the second leg.
Sensor Sl provides an analog output to processor 802.
The output of sensor Sl indicates absence of circuitry
coupled to interface 810 (e.g., Il is zero); presence
of an unaltered indicator and unaltered deploy/drive
apparatus electrically coupled to interface 810; and
presence of an altered indicator and/or altered
deploy/drive apparatus at interface 810. When switch
Q2 is on, current 12 is provided (on the same
conductor through interface 810 as current II) to
activate a deploy/drive function, consequently
altering indicator 814 and/or deploy/drive apparatus
820. Thereafter, with switch Q2 off, the output of
sensor Sl indicates that the deploy/drive function
altered indicator 814 and/or deploy/drive apparatus
820. The passive portion of circuitry 800 (i.e., the
load side of interface 810) has three paths in
parallel. A first path includes resistor Rl . A second
path includes deploy/drive apparatus 820. A third path
includes resistor R2. These three paths have node N2
in common. If the passive portion of circuitry 800 is
removed from interface 810, the three paths would
continue to have a node in common. For a second
example, circuitry 900 of FIG. 9 includes processor
802, sensor Sl, resistor RlO, node Nl, resistor R12,
node N2, switch Q3, indicator 914 comprising resistors
R3 and R4, and deploy/drive apparatus 920. Indicator
914 and deploy/drive apparatus 920 may be packaged in
a unit for deployment (e.g., a cartridge, magazine,
projectile). Indicator 914 may be packaged in whole or
in part in abase portion and/or projected portion of a
projectile. Sensor Sl, resistor RlO, node Nl, resistor
R12, and node N2 operate with processor 802 as
discussed above, except that node Nl (in addition to
node N2) is available on a conductor through interface
910. When switch Q3 is off, current 13 flows in a
branching first circuit that includes resistor RlO,
node Nl, resistor R12, node N2, indicator 914 and
deploy/drive apparatus 820. When switch Q3 is on and
nothing is coupled to interface 910, current 14 flows
in a second circuit that includes switch Q3, node N2,
resistor Rl 2, and node Nl. When switch Q3 is on and
indicator 914 and deploy/drive apparatus 920 are
coupled to interface 910, most of current 14 flows
through deploy/drive apparatus 920 and activates a
deploy/drive function. Indicator 914 and/or
deploy/drive apparatus 920 has an electrical
resistance that is altered by the deploy/drive
function. For example, the resistance of resistor R4
may be altered as a consequence of launching (e.g.,
propellant force opens R4 by destroying it, propellant
heat damages R4) while resistor R3is unaltered. The
resistance of apparatus 820 prior to the deploy/drive
function may be relatively low so as not to affect the
series resistance of resistor R4. Resistor R4 may
limit the portion of current 13 that passes through
deploy/drive apparatus 920 to avoid initiating the
deploy/drive function in response to current 13.
Preserving the resistance of resistor R3 and altering
the resistance of resistor R4 may be achieved as
discussed above with reference to resistors Rl and R2.
In operation, when switch Q3 is off, current 13 is
sourced through resistor RlO and interface 910. The
voltage at node Nl is sensed by sensor Sl with
reference to circuit ground at node N3. Sensor Sl
provides an analog output to processor 802. The output
of sensor Sl indicates absence of circuitry coupled to
interface 910 (e.g., 13 is zero); presence of an
unaltered indicator and unaltered deploy/drive
apparatus electrically coupled to interface 910; and
presence of an altered indicator and/or altered
deploy/drive apparatus at interface 910. When switch
Q3 is on, current 14 is provided through interface 910
(on a conductor different from current 13) to activate
a deploy/drive function, consequently altering
indicator 914 and/or deploy/drive apparatus 920.
Thereafter, with switch Q3 off, the output of sensor
Sl 



indicates that the deploy/drive function altered
indicator 914 and/or deploy/drive apparatus 920. The
passive portion of circuitry 900 (i.e. the load side
of interface 910) has three paths. A first path
includes resistor R3. A second path includes resistor
R4 in series with deploy/drive apparatus 920. The
first path is in parallel with the second path. A
third path includes deploy/drive apparatus 920. The
second and third paths have node N2 in common. If the
passive portion of circuitry 900 is removed from
interface 910, the second and third paths would
continue to have a node in common. For a third
example, circuitry 1000 of FIG. 10 includes processor
802, sensor Sl, resistor RlO, node Nl, resistor Rl 2,
node N2, three-state switch (e.g., a tri-state driver)
DRl, indicator 1014 comprising resistor R5, and
deploy/drive apparatus 1020. Indicator 1014 and
deploy/drive apparatus 1020 maybe packaged in aunit
for deployment (e.g., a cartridge, magazine,
projectile). Indicator 1014 may be packaged in whole
or in part in a base portion and/or projected portion
of a projectile. When driver DRl is sinking current
and nothing is coupled to interface 1010, current 15
flows in a first circuit that includes resistor RlO
node Nl, resistor R12, node N2, and driver DRl. When
driver DRl is sinking current and indicator 1014 and
deploy/drive apparatus 1020 are coupled to interface
1010, current 15 flows in a second branching circuit
that includes resistor RlO, node Nl, resistor Rl 2,
indicator 1014 and driver DRl . When driver DRl is
off, current 16 flows in a third branching circuit
that includes resistor RlO, node Nl, resistor R12,
node N2, indicator 1014, and deploy/drive apparatus
1020. When driver DRl is sourcing current, current 17
flows in a fourth circuit that includes node N2,
driver DRl, and deploy/drive apparatus 1020. Indicator
1014 and/or deploy/drive apparatus 1020 has an
electrical resistance that is altered by the
deploy/drive function. For example, the resistance of
resistor R5 may be altered as a consequence of
launching (e.g., propellant force opens R5 by
destroying it, propellant heat damages R5). The
resistance of apparatus 1020 prior to the deploy/drive
function may be relatively low so as not to affect the
seriesresistance of resistor R5. Resistor R5 may limit
the current 16 to avoid initiating the deploy/drive
function in response to current 16. Altering the
resistance of resistor R5 may be achieved as discussed
above with reference to resistor R2. In operation,
when driver DRl is sinking current, current 15 is
sourced through resistor RlO to interface 1010. The
voltage at node Nl is sensed by sensor Sl with
reference to circuit ground at node N3. Sensor Sl
provides an analog output to processor 802. The output
of sensor Sl indicates absence of circuitry coupled to
interface 1010 (e.g., 15 is zero); and presence of an
unaltered indicator 1014 electrically coupled to
interface 1010; and presence of an altered indicator
1014 at interface 1010. When driver DRl is off,
current 16 is sourced through resistor RlO to
interface 1010. The voltage at node Nl is sensed by
sensor Sl. Sensor Sl provides an analog output to
processor 802. The output of sensor Sl indicates
absence of circuitry coupled to interface 1010 (e.g.,
16 is zero); presence of an unaltered indicator 1014
and/or unaltered deploy/drive apparatus 1020
electrically coupled to interface 1010; and presence
of an altered indicator and/or altered deploy/drive
apparatus 1020 at interface 1010. When driver DRl is
sourcing current, current 17 provided through
interface 1010 activates a deploy/drive function,
consequently altering indicator 1014 and/or
deploy/drive apparatus 1020. Thereafter, with driver
DRl is sinking current, the output of sensor Sl
indicates that the deploy/drive function altered
indicator 1014; and with driver DRl off the output of
sensor Sl indicates that indicator 1014 and/or
deploy/drive apparatus 1020 has been altered. The
passive portion of circuitry 1000 (i.e. the load side
of interface 1010) has two paths. A first path
includes resistor R5. A second path includes
deploy/drive apparatus 1020. The first and second
paths have node N2 in common. If the passive portion
of circuitry 1000 is removed from interface 1010, the
first and second paths would continue to have a node
in common. A comparison of the capabilities of the
three examples of circuitry according to various
aspects of the present invention is presented in Table
1. In the circuits compared in Table 1, deploy/drive
apparatus 820, 920, and 1020 has a finite resistance
before deployment that is altered after deployment.
For convenience of explanation, the altered state of a
deploy/drive apparatus is called open. In the
implementations being compared, resistors R2 and R4
are altered by deployment, while resistors Rl, R4, and
R5 are not altered by deployment. For convenience of
explanation, the altered state of a resistor is called
open. In the circuits compared in Table 1, deployment
does not remove the indicator and deploy drive
apparatus from the interface. Resistance (high,
medium, low) of deploy/drive apparatus 820 may
respectively indicate spent, unusable, or ready.
Threshold voltages suitable for comparisons for
classifying conditions are subscripted with a T. TABLE
lPROCESSES FOR SYNTHESIZING 1-(2-ETHYLBUTYL)
CYCLOHEXANE CARBONITRILE BACKGROUND [0001] Substituted
cyclohexane carbonitriles, such as 1-(2-ethylbutyl)
cyclohexane carbonitrile, have considerable utility as
intermediates in the pharmaceutical industry. [0002]
Currently available processes for synthesizing
substituted cyclohexane carbonitriles, particularly
1-(2-ethylbutyl) cyclohexane carbonitrile, are
performed in cryogenic conditions (-5O 0C to -3O0C) in
62% yield (see, e.g., Tilford, C. H., Doerle, L . A.,
Van Campen Jr, M. G., Shelton M. G. J. Am. Chem. Soc
1949, 7 1, 1705). Metalated nitriles are typically
generated by deprotonation with metal amide (M = Na,
Li) (see, e.g., Fleming, F. F., Shook, B. C.
Tetrahedron 2002, 58, 1. (b): Arsenyadis, S., Kyler,
K. S., Watt D. S. Org. react. 1984, 3 1, 1) . Such
processes involve the formation of metal amide (when
sodium amide is used), then the deprotonation of
nitrile and subsequently the alkylation. The formation
of sodium amide is performed from the reaction between
sodium and ammonia and appropriate equipment must be
provided to condense ammonia and to cool the reaction
mixture during each step of the process. [0003] It
would be desirable to have new processes for
synthesizing substituted cyclohexane carbonitriles,
particularly 1-(2-ethylbutyl) cyclohexane
carbonitrile, which do not require processing at
temperatures below 00C. Additionally, such processes
that provide better yield than current processes would
be advantageous. THE INVENTION [0004] This invention
meets the above-described needs by providing processes
for synthesizing substituted cyclohexane
carbonitriles, particularly
1-(2-ethylbutyl)cyclohexane carbonitrile. According to
this invention, 1-(2-ethylbutyl) cyclohexane
carbonitrile can be prepared from cyclohexane
carbonitrile. After deprotonation with chloro
magnesium N,N-diisopropylamide at about 00C, the
generated anion is alkylated in the presence of
2-(ethylbutyl) bromide. Typically, at least about a
92% yield is obtained. [0005] Processes according to
this invention comprise deprotonizing cyclohexane
carbonitrile with chloro magnesium
N,N-diisopropylamide and alkylating the deprotonated
cyclohexane carbonitrile in the presence of
2-(ethylbutyl) bromide to produce
1-(2-ethylbutyl)cyclohexane carbonitrile.EXAMPLE
[0006] The following example is illustrative of the
principles of this invention. It is understood that
this invention is not limited to any one specific
embodiment exemplified herein, whether in the examples
or the remainder of this patent application. EXAMPLE 1
[0007] Properties of reactants used in the Example,
and of the product produced, are shown in Table 1:
Table 1 [0008] This Example comprises the following
steps: 1. At room temperature, N,N-diisopropylamine (
15.36 g), toluene (15 ml) and tetrahydrofurane (THF) (
15 ml) were combined in a three round bottom flask.2.
The combination of N,N-diisopropylamine and toluene
(the "First Combination") was cooled down to O0C. 3. 2
M butyl magnesium chloride in THF and the First
Combination were combined between 0 to 5C. 4. The
combination of the First Combination, butyl magnesium
chloride, and THF (the "Second Combination") was
stirred for 45 min between 0 to 50C. 5. Cyciohexane
carbonitrile ( 15 g) diluted in toluene (20 ml) and
the Second Combination were combined between 0 to 5C.
6 . The combination of the Second Combination,
cyciohexane carbonitrile, and toluene (the "Third
Combination") was stirred between 0 to 5C for 1 hour.
7. 2-(Ethylbutyl) bromide (26.48 g) diluted in toluene
(20 ml) and the Third 



Combination were combined between 0 to 100C. 8 . The
combination of the Third Combination, 2-(ethylbutyl)
bromide, and toluene (the "Fourth Combination") was
stirred for 4 h between 0 to 1O0C. 9 . Acetic acid
(9.86 g) diluted in water (90 ml) was added to the
Fourth Combination between 0 to 2O0C. 10 . Water (30
ml) was added to the combination of acetic acid
diluted in water and Fourth Combination. 11. The
combination of water, acetic acid diluted in water,
and Fourth Combination (the "Fifth Combination") was
stirred for 15 min; thereafter an organic phase cut
was made - i.e., the Fifth Combination was transferred
into a separating funnel with a plug, where it
separated into two layers, the aqueous layer (down)
and the organic layer (up). The aqueous layer, which
contained mainly magnesium salts
anddiisopropylammonium acetate, was removed and
disposed of. The organic layer, containing the desired
compound was left in the separating funnel. 12. Water
(30 ml) and the extracted organic layer were combined.
13. The combination of water and the extracted organic
layer (the "Sixth Combination") were stirred for 15
min; thereafter a second organic phase cut was made.
14. 1 M K2CO3 (34.5 ml) and the extracted second
organic layer were combined. 15 . The combination of
K2CO3 and the extracted second organic layer (the
"Seventh Combination") were stirred for 15 min;
thereafter a third organic phase cut was made
primarily to remove substantially all acidic traces.
16. Water (30 ml) and the extracted third organic
layer were combined. 17 . The combination of water and
the extracted third organic layer (the "Eighth
Combination") was stirred for 15 min; thereafter a
fourth organic phase cut was made primarily to remove
substantially all carbonate traces. 18 . The extracted
fourth organic layer was distilled at 4O0C under 50
mbars to leave a bottoms; distilled solvents were
disposed. 19 . The bottoms was distilled at 170C under
5 mbars to produce 1-(2-ethyl butyl) cyclohexane
carbonitrile [0009] In this example, the addition of
2M butyl magnesium chloride to the
N,N-diisopropylamine/toluene mixture (step 3) led to
the deprotonation of N,N-diisopropylamine, which gave
in-situ chloro magnesium diisopropyl amide (a strong
base), Subsequently, when cyclohexane carbonitrile was
added (step 5), there was a deprotonation performed by
chloro magnesium diisopropyl amide. Then, when
2-(ethyl butyl) bromide (diluted in toluene) was added
on metalated nitrile (step 7), the alkylation took
place to generate 1-(2-ethylbutyl) cyclohexane
carbonitrile. In step 19, 24.6 g ofthe desired
product, 1-(2-ethylbutyl) cyclohexane carbonitrile,
were produced, providing a yield of 92%. [0010] In the
practice of this invention, the Grignard reagent,
e.g., butyl magnesium chloride or, alternatively,
hexyl magnesium chloride, is transferred in inert
condition. The addition of the Grignard reagent is
exothermic. Formation of chloro magnesium
diisopropylamide is exothermic. Addition of
2-(ethylbutyl) bromide is slightly exothermic. If
desired, the Grignard reagent can be added to the
flask or reactor and then a toluene mixture of
diisopropylamine can be added. [001 1] Processes of
this invention for synthesizing substituted
cyclohexane carbonitriles are advantageous in that set
up and around 00C is easier than set up at cryogenic
temperatures. Additionally, processes of this
invention allows the formation of the desired compound
in at least about a 92% yield instead of 62% yield.
[0012] It is to be understood that the reactants and
components referred to by chemical name or formula
anywhere in the specification or claims hereof,
whether referred to in the singular or plural, are
identified as they exist prior to being combined with
or coming into contact with another substance referred
to by chemical name or chemical type (e.g., another
reactant, a solvent, or etc.). It matters not what
chemical changes, transformations and/or reactions, if
any, take place in the resulting combination or
solution or reaction medium as such changes,
transformations and/or reactions are the natural
result of bringing the specified reactants and/or
components together under the conditions called for
pursuant to this disclosure. Thus the reactants and
components are identified as ingredients to be brought
together in connection with performing a desired
chemical reaction or in forming a combination to be
used in conducting a desired reaction. Accordingly,
even though the claims herein after may refer to
substances, components and/or ingredients in the
present tense ("comprises", "is", etc.), the reference
is to the substance, component or ingredient as it
existed at the time just before it was first
contacted, combined, blended or mixed with one or more
other substances, components and/or ingredients in
accordance with the present disclosure. Whatever
transformations, if any, which occur in situ as a
reaction is conducted is what the claim is intended to
cover. Thus the fact that a substance, component or
ingredient may have lost its original identity through
a chemical reaction or transformation during the
course of contacting, combining, blending or mixing
operations, if conducted in accordance with this
disclosure and with the application ofcommon sense and
the ordinary skill of a chemist, is thus wholly
immaterial for an accurate understanding and
appreciation of the true meaning and substance of this
disclosure and the claims thereof. As will be familiar
to those skilled in the art, the terms "combined",
"combining", and the like as used herein mean that the
components that are "combined" or that one is
"combining" are put into a container with each other.
Likewise a "combination" of components means the
components having been put together in a container.
[0013] While the present invention has been described
in terms of one or more preferred embodiments, it is
to be understood that other modifications may be made
without departing from the scope of the invention,
which is set forth in the claims below.CLAIMS What is
claimed is: 1. A process comprising: - deprotonizing
cyclohexane carbonitrile with chloro magnesium
N,N-diisopropylamide; - alkylating the deprotonated
cyclohexane carbonitrile in the presence of
2-(ethylbutyl) bromide; and - producing
1-(2-ethylbutyl)cyclohexane carbonitrile. 2. The
process of claim 1 wherein deprotonizing cyclohexane
carbonitrile with chloro magnesium
N,N-diisopropylamide comprises: - combining
N,N-diisopropylamine and toluene to form a First
Combination; - producing chloro magnesium
N,N-diisopropylamide; ~combining 2M butyl magnesium
chloride, additional tetrahydrofurane, produced chloro
magnesium N,N-diisopropylamide and the First
Combination to form a Second Combination; and -
combining cyclohexane carbonitrile, toluene, and the
Second Combination to form a Third Combination. 3 .
The process of claim 2 wherein alkylating the
deprotonated cyclohexane carbonitrile in the presence
of 2-(ethylbutyl) bromide comprises: - combining
2-(ethylbutyl) bromide and the Third Combination to
form a Fourth Combination; and - combining water,
acetic acid, and the Fourth Combination to form a
Fifth Combination. 4 . The process of claim 3 wherein
the Fifth Combination comprises an organic phase and
producing 1-(2-ethylbutyl) cyclohexane carbonitrile
comprises distilling 1-(2-ethylbutyl) cyclohexane
carbonitrile from at least a portion of the organic
phase. 


